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Preface to the Second Edition

It seems remarkable that a decade has passed since we first
described our vision of a generalist physician specializing
in hospital care: the hospitalist (1). Although a handful of
such physicians were scattered around the United States at
the time, by 2005 there were more than 10,000. Their ranks
are likely to swell to more than 20,000 in the United States
in the coming decade (2), and they have linked with simi-
lar physicians in Canada, South America, Europe, and even
China.

Although we correctly predicted the growth of hospi-
talists, we (and most other observers) failed to appreciate
fully the other winds that would buffet hospital care dur-
ing the last 10 years. Even though capitation declined in
popularity, the mandate for efficiency grew as hospitals
filled to the brim, forcing many emergency departments
into double duty as mini-wards. A major nursing shortage
further constrained hospital capacity, while a shortage of
critical care doctors generated a need in many institutions
for other physicians who could provide high quality ICU
care. And limits on residents’ duty hours created the de-
mand for alternative providers in teaching hospitals. All of
these forces further promoted the growth of the hospital-
ist model (3,4).

Meanwhile, the pace of medical progress continued to
accelerate. New noninvasive imaging studies and new
blood tests, such as troponin, C-reactive protein, BNP, and
galactomannan, reshaped our diagnostics strategies for dis-
orders ranging from pulmonary embolism to Aspergillus in-
fection. New medications, such as low-molecular-weight
heparin and activated protein C, caused us to rethink our
management of thrombosis and sepsis, and we also found
new uses for old medications, such as spironolactone and
N-acetylcysteine. Prevention, once considered the exclusive
domain of ambulatory medicine and public health,
emerged as a key paradigm in hospital medicine, as the
virtues of prophylaxis against thromboembolism, tight glu-
cose control, and strategies to prevent hospital-acquired in-
fections were documented by a steady drumbeat of studies.

Even more striking was the emergence—finally!—of a
genuine and sustainable quality movement in health care.
Galvanized by two reports from the Institute of Medicine
on patient safety (5) and quality (6), patients and payers
increasingly demanded that their hospital care be demon-
strably safe and effective. In fact, in preparing the second
edition of Hospital Medicine, we were struck that as much as
the clinical chapters had changed, the chapter that changed

the most was the one on quality and value (Chapter 12). In
the first edition (2000), we described an embryonic move-
ment to measure quality and wondered whether it would
ultimately impact inpatient care. At the time, there were
only two inpatient quality measures (the use of aspirin and
beta blockers in acute myocardial infarction) and only one
organization doing the measuring (the National Commit-
tee for Quality Assurance). Pay-for-performance (“P4P”)
was a twinkle in some health economist’s eye.

Five years later, scores of inpatient quality measures are
being promulgated by organizations ranging from behe-
moths, such as the Center for Medicare and Medicaid
Services (CMS) and the Joint Commission on the Accredi-
tation of Healthcare Organizations (JCAHO), to groups
that barely existed in 2000, such as the Leapfrog Group and
the National Quality Forum. Not only is hospital care be-
ing measured and reported publicly, but early pay-for-
performance experiments herald an era in which quality
will be demanded, measured, and rewarded. The quality
and safety movements are also catalyzing the “wiring” of
the American hospital. Because processes of care and out-
comes will now be measurable at the click of a button, in-
formation technology will increase the pressure on
providers to deliver high quality, evidence-based care. For-
tunately, the same technology will also facilitate the deliv-
ery of such care. Despite a number of tricky learning curves
to traverse, it is difficult to view these sea changes as any-
thing but welcome news for patients.

We approached the second edition of Hospital Medicine
with all of this in mind. The entire book has been updated,
and more than 10% of the chapters and 20% of the authors
are brand new. More than ever, we emphasize a practical,
evidence-based approach to the management of hospital-
ized patients. Even with all the changes, feedback from
readers of the first edition persuaded us to retain the un-
derlying organizing framework of the book: approaching
common hospital disorders and presentations from the perspec-
tive of the hospital physician, with a particular emphasis on
the temporal flow of care in the hospital (e.g., “Issues at the
Time of Admission,” “Issues at the Time of Discharge”).
This approach remains unique to Hospital Medicine.

Although we expect that many of our readers will be
hospitalists, the book remains agnostic regarding who the
provider of hospital care is or should be. We were gratified
that so many primary care physicians, nurse practitioners,
physician’s assistants, inpatient pharmacists, residents, and
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students found the first edition useful, and we prepared
this new edition hoping that it would continue to appeal to
this broad audience. Regardless of our readers’ roles and
pedigrees, we hope that Hospital Medicine helps them de-
liver the high quality, evidence-based care that their pa-
tients deserve and supports them in their roles as clinicians,
teachers, and leaders in making their hospitals safer and
better.

Robert M. Wachter, MD
Lee Goldman, MD

Harry Hollander, MD
University of California, San Francisco

REFERENCES

1. Wachter RM, Goldman L. The emerging role of “hospitalists” in the
American health care system. N Engl J Med 1996;335:514–517.

2. Lurie JD, Miller DP, Lindenauer PK, et al. The potential size of the
hospitalist workforce in the United States. Am J Med 1999;106:
441–415.

3. Wachter RM, Goldman L. The hospitalist movement 5 years later.
JAMA 2002;282:487–494.

4. Wachter RM. Hospitalists in the United States: mission accom-
plished or work-in-progress. N Engl J Med 2004;350:1935–1936.

5. Kohn L, Corrigan J, Donaldson M. To Err Is Human: Building a Safer
Health System. Washington, DC: National Academy Press, 2000.

6. Committee on Quality of Health Care in America, Institute of
Medicine. Crossing the Quality Chasm: A New Health System for the
21st Century. Washington, DC: National Academy Press, 2001.

xx Preface to the Second Edition of Hospital Medicine

26410 ch FM  3/25/05  11:55 AM  Page xx



Preface to the First Edition

As the American healthcare system lurched toward man-
aged care at the close of the twentieth century, there sur-
faced a prevailing notion that the institution we know as
the hospital was a vestige of the old system and was
doomed, along with long-playing records and bell-bottom
pants, to the wasteheap of history. In the New Medicine,
went the mantra, pressures for efficiency would lead to a
medley of home care, surgicenters, telemedicine, multi-
specialty practices, disease management, and mass preven-
tion strategies, all of which would render the hospital an
expensive and needless albatross. Those who watched
trends in hospital utilization in the late 1980s and early
1990s, particularly in highly managed care markets, had
ample evidence to support this scenario.

As the new century dawns, it is clear that this script was
wrong. The aging of the population, the growth of new
technologies, and the efficiency of having a site for diverse
specialists who focus on the care of sick patients, have all
led to an increase in hospital utilization. With this increase
has come a growing recognition that the hospital continues
to be the focus of one-third of U.S. health expenditures (ac-
counting for 5% of America’s Gross Domestic Product), of
the majority of deaths and virtually all births, and of stag-
gering technological innovation and perhaps equally stag-
gering iatrogenesis. In other words, what happens in
hospitals matters.

As we began to refocus on hospital care, we were struck
by the absence of a clinical textbook that used the hospital
admission as the unit of analysis. Our goal, therefore, was to
produce an authoritative, evidence-based, and practical
book that focuses on key issues in the care of the hospital-
ized adult. In doing so, we cover most of the major issues
that arise in inpatients (e.g., end-of-life care, nutritional is-
sues, clinical decision making) as well as 75 of the most
common conditions leading to hospital admission. Some
signs, symptoms, and laboratory abnormalities are criti-
cally important in hospitalized patients, but do not fit into
a specific disease framework. We have included these three
topics within introductory chapters that precede each of the
organ-based specialty sections. Our goal is to be more use-
ful than comprehensive: very unusual diseases or presenta-
tions may not be covered in depth, but common ones
certainly are. Similarly, fundamental skills such as reading

electrocardiograms are not addressed in detail, as we as-
sume a basic level of clinical knowledge and such informa-
tion can be found in many other sources.

We wrote this book for the physician caring for the
hospitalized adult patient. Notwithstanding our interest
in the hospitalist model, except for an introductory chap-
ter on “Models of Hospital Care,” the book makes no as-
sumptions about who is the inpatient provider, nor judg-
ments about who it should be. Thus, we hope that
Hospital Medicine will serve the needs not only of practic-
ing hospitalists, but also primary care physicians and spe-
cialists caring for inpatients, inpatient nurse practitioners
and physician assistants, internal or family medicine resi-
dents, and junior or senior medical students on inpatient
rotations. There is a strong emphasis on appropriate care
and resource use, so Hospital Medicine will also be helpful
to inpatient case managers and others involved in hospi-
tal quality improvement, utilization management, and
discharge planning.

We thank our contributors for their superb work and for
presenting their information in an evidence-based and
practical way. We also are indebted to Mary Whitney, Leah
Hayes, Carol Kummer, Amy Markowitz, and Steven Martin
for their invaluable assistance in the production of the
book. Susan Gay and Tim Hiscock of Lippincott Williams
& Wilkins were extremely helpful at all stages of the project.
So were our faculty and housestaff colleagues at the Uni-
versity of California, San Francisco, who often found them-
selves the subjects of impromptu focus groups as we grap-
pled with difficult clinical or organizational questions.
Finally, our deepest gratitude goes to our families, who had
to tolerate our absences (and sometimes our presence)
while we attempted to bring this concept to reality as
quickly as possible. We hope that the information con-
tained herein will improve the quality and efficiency of care
for an extraordinarily important but vulnerable popula-
tion, hospitalized adults.

Robert M. Wachter, MD
Lee Goldman, MD

Harry Hollander, MD
San Francisco, California

January, 2000
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Models of

Hospital Care
Robert M. Wachter

INTRODUCTION

The past decade has brought great changes in the organiza-
tion of hospital care in the United States. Although “inpa-
tient specialists” have long provided inpatient care in Eu-
rope and Canada, the United States has only recently
considered the potential advantages of a system using ded-
icated hospital physicians, known as hospitalists. This new
model for hospital care has both advantages and disadvan-
tages in comparison with more traditional models of inpa-
tient care.

In the decade since the editors first described the con-
cept of the hospitalist in the medical literature (1), the
growth of the model has been remarkable. In many U.S.
markets, the majority of hospital care is now delivered by
hospital-based physicians. The Society of Hospital
Medicine, the professional society for hospitalists, has
grown to more than 5,000 members, and published pro-
jections point to an ultimate hospitalist workforce of about
20,000, approximately the same size as that of cardiology
(2). Although the notion of a site-defined (rather than an
organ-, population-, or disease-defined) specialty seems
novel, it is not: American medicine embraced the seeming
oxymoron of the “generalist specialist” when it codified the
specialties of emergency medicine and critical care
medicine (Table 1.1) about 40 years ago. What is new, at
least in the United States, is the approach of using a site-
defined specialist on the main hospital ward.

DEFINITION OF HOSPITALIST

Hospitalists were initially defined as physicians who
spend at least 25% of their professional time serving as
the physicians of record for inpatients and accepting

hand-offs of hospitalized patients from primary care
providers; the patients are returned to the care of their pri-
mary providers at the time of hospital discharge (3). Al-
though the Society of Hospital Medicine has embraced a
more inclusive definition (“physicians whose primary
professional focus is the general medical care of hospital-
ized patients”), focusing on the initial definition allows a
discussion of two key elements of the transition from the
old model of inpatient care (in which primary care physi-
cians served as the hospital physicians of record) to the
hospitalist model. The first is the hand-off—a purposeful
discontinuity of care between the outpatient and hospital
providers. The second is the notion that some minimum
amount of hospital time is necessary for one to meet the
spirit of the hospitalist concept.

The hand-off, or referral, is fundamental to the hospital-
ist model. In fact, the discontinuity is responsible for one of
the real strengths of the hospitalist model—the presence of
a physician in the hospital throughout the day who is able
to coordinate inpatient care and react to clinical data in real
time. However, this same discontinuity leads to the two
greatest potential liabilities of the model. The first concerns
a potential “voltage drop” in information as one moves
from office to hospital ward and back to office. The second
relates to the potential dissatisfaction of patients associated
with the assignment of a new doctor—often a stranger—to
care for them at their time of greatest need.

To some extent, the “voltage drop” can be minimized.
Computerized or digitized information is easy to transmit
from office to hospital and back to office again. This does
not mean that this is currently being done in many systems,
or that a linked office–hospital information system would
entirely solve the problem. A filtering function is needed;
otherwise, the vast amounts of computerized data will be
simply ignored. Nevertheless, it seems reasonable to posit

1
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that most systems will find ways to successfully transmit
computerized data from hospital to outpatient provider
over the next decade (although few have done so as of this
writing).

However, the hospitalist model is most vulnerable in
terms of information that cannot be captured electroni-
cally—namely, the patient’s life story, values, and prefer-
ences regarding end-of-life care. These “soft” data are prob-
ably best communicated through personal contact between
the hospitalist and the primary physician, at least at the
time of admission, discharge, and any important change in
patient status. The bottom line is that the hospitalist and
the primary physician must act as a team to care for the pa-
tient effectively across the continuum of care (Chapter 4).

The other major concern raised by the transfer of care to
the hospitalist relates to the potential dissatisfaction of pa-
tients when they do not see “their doctor” in the hospital.
This legitimate concern has generally been refuted by sur-
veys showing that the level of patient satisfaction under a
hospitalist’s care is at least as high as that under the old
primary physician-based system (4,5). These results indi-
cate that patients may be willing to trade familiarity (of
their primary doctor) for availability (of the hospitalist)
when it comes to hospital care, particularly if they perceive
a strong communication link between the two providers.
Some health care systems have also noted that the hospi-
talist model leads to improvements in outpatients’ satisfac-
tion with their primary physicians, who can now be more
predictably available to their office patients.

In addition to the purposeful discontinuity, implicit in
the hospitalist concept is a minimum time requirement
that the physician spends in caring for hospitalized pa-
tients. This time commitment has several advantages. First,
it should allow the hospitalist to become expert in the care
of common inpatient disorders. Next, it should lead to the
hospitalist better recognizing outliers and anticipating
problems. Third, the hospitalist will become familiar with
all key players in the hospital (Chapter 4) and become suf-
ficiently invested in the system to be accountable for its cost
and quality. The hospitalist will thus be able to lead qual-
ity improvement efforts in this setting (Chapter 12).

STAGES OF HOSPITAL CARE

Four distinct stages of hospital care help explain many of
the forces driving the emergence of the hospitalist model
(3) (Table 1.2). In stage I, the primary care provider stage, all
patients admitted to the hospital for nonspecialized medi-
cal problems that fall within the usual expertise of an
internist (e.g., community-acquired pneumonia or gas-
trointestinal bleeding) are cared for in the hospital by their
own primary care physician. Of course, some patients may
be cared for by other physicians for specialized problems
during any stage (e.g., an obstetrician during childbirth or
a urologist during a prostatectomy). Stage I was the domi-
nant mode of hospital care in the United States until 10 to
20 years ago. It continues to be popular, albeit in a rapidly
dwindling number of regions. The system worked best
when the primary physician had many patients in the hos-
pital at any given time, when such patients were not terri-
bly ill, when the hospital was next door to the physician’s
office, and when no one was measuring (or particularly
concerned about) hospital or office availability or effi-
ciency. However, the disadvantages of stage I have become
evident, particularly in markets with significant cost
pressures. In these areas, primary care physicians may have
on average only one or two patients in the hospital at any
given time, and these patients are likely to be extremely ill
and require attention throughout the hospital day. In the
meantime, the office is packed with patients to be seen at
15-minute intervals. Interestingly, although primary care
physicians were ambivalent (at best) about the hospitalist
concept in the early years, many have now recognized the
economic inefficiency of providing their own hospital care
because revenues from the care of their hospital patients
now fail to compensate for the inefficiency of the commute
and the disruption to their office practice. In some markets,
such physicians have become major supporters of the hos-
pitalist model.

Stage II, the hospital rotation stage, attempts to deal with the
problem of physician inaccessibility in the hospital by rotat-
ing hospital coverage among the members of a medical
group. In this model, one member at a time serves as the

4 Section I: General Issues in Hospital Medicine

TABLE 1.1
EXAMPLES OF SPECIALTIES, DIVIDED BY THEIR ORGANIZING PRINCIPLE

Defined by
Defined by patient Defined Defined by Defined by
organ-system population by disease technical skill site of care

Cardiology Pediatrics Oncology Surgery Hospital medicine
Gastroenterology Geriatrics Infectious Anesthesiology (Hospitalists)
Rheumatology Family diseases Radiation oncology Critical care medicine

medicine Emergency medicine
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physician of record for the inpatients of the others. In many
private practice settings, these rotations typically occur at a
frequency of about one week per eight-week period (during
which time the hospital primary physician—these days, often
incorrectly called the “hospitalist of the week”—may be sta-

tioned in the hospital for all or a large part of the day). In the
academic setting, it is common for such rotations to take
place at a frequency of one month per every 12-month period
(the “ward attending” month). In either case, the rotating pri-
mary care physician is not in the hospital enough to be a true

Chapter 1: Models of Hospital Care 5

TABLE 1.2
ADVANTAGES AND DISADVANTAGES OF VARIOUS MODELS OF HOSPITAL CARE

Description Potential advantages Potential disadvantages

Stage I: Primary Every PCP follows own Inpatient–outpatient continuity. PCPs may lack hospital skills and
care provider stage patients into the Patient satisfaction from seeing “my experience to maximize quality

hospital. doctor.” and efficiency.
PCPs retain acute care skills and PCPs not available throughout

possibly job satisfaction. hospital day.
Hospital care pulls PCPs away

from office patients.
PCPs unlikely to be accountable

for and invested in hospital
quality improvement.

Stage II: Hospital Physicians in the group “Hospital PCP” now available Introduction of an inpatient–
rotation stage rotate so that members throughout hospital day. outpatient discontinuity.

take turns covering the Other PCPs freed to be in office all With infrequent rotation intervals
hospitalized patients of day. (e.g.,1 week in 8), PCPs are still
the other members. Patients may know rotating hospital unlikely to develop acute care

physician from the office (who may skills to produce the best out-
even be the patients’ PCP from comes at the lowest cost, or to
time to time). be invested in improving the

hospital system.

Stage III: Voluntary Dedicated hospitalists are Hospitalist now available throughout With outpatient–inpatient
hospitalist stage hired; PCPs may choose hospital day to review results and discontinuity, potential for

to use them or not (there see patient, family, consultants. information loss.
may be incentives to use Hospitalist hones acute care skills Potential patient dissatisfaction
the hospitalist). (including communication with from not seeing “my doctor”

PCPs). in the hospital.
Hospitalist accountable for hospital Potential PCP loss of acute care

quality and cost and is invested in skills.
leading improvement. Potential hospitalist burnout over

time.

Stage IV: Mandatory All patients must be handed Same advantages as in moving from Same disadvantages as in moving
hospitalist stage off by their PCPs to stage II to III, except true for all from stage II to III, except true 

hospitalists for inpatient patients. System may now focus on for all patients and providers.
care. mitigating potential disadvantages Potential decreased incentive for

by the following: hospitalists to be superb com-
Developing better communication municators with PCPs (under 

links (both personal and infras- stage III, PCPs could choose to
tructural). manage  their own inpatients if

Promoting social visits or calls by not completely satisfied with
PCPs, and other methods to the hospitalist).
enhance patient satisfaction. Potential problems if system has

Developing CME or other been adopted without buy-in
mechanisms to prevent PCPs by medical staff. PCP endorse-
from losing acute care skills. ment of both the system and

Developing mechanisms (CME, the hospitalists themselves is
some outpatient or nonhospitalist vital.
work, adequate reimbursement,
vacation) to prevent hospitalist
burnout.

CME, continuing medical education; PCP, primary care physician.
Reprinted from Wachter RM. An introduction to the hospitalist model. Ann Intern Med 1999;130:338–342, with permission.
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hospitalist. In comparison with the stage I system, this system
has the disadvantage of introducing a new inpatient–outpa-
tient discontinuity, but it does ensure better availability of the
rotating physician for inpatients (Table 1.2).

In stage III, the voluntary hospitalist stage, a dedicated hos-
pitalist is hired (paid by either the hospital, a medical group,
a managed care organization, or a free-standing private
practice), but primary physicians retain the option to man-
age all or some of their own inpatients. The decision by
some physicians to continue to manage their hospitalized
patients may be influenced by financial incentives. For ex-
ample, a fee-for-service system may influence primary care
physicians to continue to provide hospital care, whereas a
capitated system, in which physicians are paid solely based
on panel size, may encourage the use of the hospitalist.

Finally, a few systems have moved to stage IV, the
mandatory hospitalist stage, in which all inpatients must be
handed off to hospitalists. Although the advantages of the
hospitalist model are now applied to all patients (Table
1.2), political costs may be incurred in moving to this stage.
The mandatory hand-off alienates some primary care
physicians who want to retain the option to provide hospi-
tal care. For this reason, stage IV is most common in sys-
tems that have strong institutional control of physician
practices, whereas stage III is more prevalent in looser
physician–hospital affiliations, such as those in many in-
dependent practice associations.

It is important to add a few caveats regarding the four
stages. First, the stages do not imply a hierarchy of desir-
ability (i.e., that stage IV is necessarily better stage III,
which is always better than stage II). Each stage has ad-
vantages and disadvantages, and many physicians and
health systems will find that a stage III (or II) system
serves their needs well. Second, movement up the stages is
not inexorable; not all systems ultimately arrive at stage
IV, although there is a clear national trend in moving
from stage I or II to stage III or IV. Nor will progression
necessarily be orderly; some systems, especially those un-
der significant market pressure, have jumped directly from
stage I to stage IV.

EVIDENCE REGARDING THE
HOSPITALIST MODEL

Early transitions to the hospitalist model were largely
driven by the theoretical attractiveness of the concept rather
than any specific data addressing the potential advantages
and disadvantages. Over the past decade, though, a signifi-
cant amount of literature has emerged regarding the impact
of the hospitalist model on costs and outcomes.

Efficiency

More than 20 studies have compared hospitalist care to
that delivered by primary care physicians or traditional aca-

demic ward attendings. With few exceptions, the studies
have found significant decreases in both length of stay and
hospital costs, averaging nearly 15% (5,6). Although con-
cerns have been raised that some of these cost savings are
simply transferred to the outpatient setting (7) or con-
sumed by the costs of operating the hospitalist program it-
self, the magnitude of the savings and the rapid growth of
the model nationally (often driven by return-on-invest-
ment considerations) argue against this hypothesis. Pre-
cisely how hospitalists achieve their efficiencies is not en-
tirely clear. It is probably some combination of anticipating
patients’ trajectories, better and more rapid deployment of
hospital resources, and greater focus on efficiency as an im-
portant goal. Some studies have found a learning curve,
with hospitalists achieving their ultimate efficiencies only
in their second year of practice (8).

Quality

Although it is logical to believe that hospitalists improve
the quality of inpatient care (mediated through both “prac-
tice makes perfect” and their on-site availability), most
studies have found no effect on blunt measures of quality
(such as readmissions and mortality rates). Two studies,
however, have found significant decreases in inpatient
mortality rates associated with hospitalist care (8,9). An-
other study found lower readmission rates (10), and a
fourth found better documentation of end-of-life discus-
sions (11). These studies are promising, but additional re-
search is needed to unequivocally prove a hospitalist qual-
ity advantage if, in fact, one exists.

Teaching

Hospitalist programs are now operating in most of the na-
tion’s teaching hospitals, driven in part by limitations in
resident work-hours implemented in 2003 by the Accredi-
tation Council on Graduate Education. Several studies have
compared hospitalist teaching evaluations with those of
comparable non-hospitalist ward attendings, and all have
found significant advantages for the hospitalists (12–15).
Given that many residents were anxious about their poten-
tial loss of autonomy under the hospitalist model, these re-
sults are reassuring. They support both the hospitalist
model itself and the more general premise that additional
teaching and oversight should improve, and not harm,
medical education (Chapter 11).

ROLES OF THE HOSPITALIST

Under stages III and IV, the hospitalist may begin by caring
for some (stage III) or all (stage IV) of the inpatients on a
medical service. Additional roles for hospitalists may soon
surface (16), depending on the nature of the medical

6 Section I: General Issues in Hospital Medicine
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group, the dominant reimbursement methods, and the
competitiveness of the market (Table 1.3).

In some settings, the hospitalist will serve as a passive ac-
cepter of inpatient admissions from primary care physi-
cians or the emergency department. Such a passive role
avoids conflict about the decision to hospitalize and may
serve an institution well when most patients are admitted
under a payment system utilizing diagnosis-related groups
(DRGs). (The main financial incentive of a DRG is to
shorten the length of stay rather than decrease the number
of hospitalizations.) Under a capitated system or in a hos-
pital operating at full capacity, however, hospitalists may
feel pressure to become involved in the admission decision,
approving outpatients for admission and even evaluating
patients in the emergency department and suggesting pos-
sible alternatives to acute hospital admission.

Similarly, in an environment in which the system is at
risk for the costs of out-of-network care, hospitalists may be
involved in efforts to transfer such patients back to their
home hospitals. These efforts may involve speaking by tele-
phone with the patient’s physician at the outlying site, con-
firming appropriateness of and stability for transport, and
organizing the logistics of the transfer. Even in the absence
of such managed care-driven arrangements, hospitalists are
often engaged in managing interinstitutional transfers, a
challenging area that saw little physician involvement in
the past.

The interface between the hospital ward and the inten-
sive care unit is interesting to consider in light of the hospi-
talist model. A number of studies have demonstrated the

advantages of a closed intensive care unit (in which dedi-
cated critical care specialists are utilized, with patients
handed off from the primary physician to the critical care
physician at the time of intensive care unit admission),
instead of an open unit in terms of outcomes and efficiency
(17). The average primary physician’s lack of availability
and experience in caring for critically ill patients is another
example of the advantages of the discontinuity between the
hospital ward and the intensive care unit (with separate
critical care providers staffing the latter). Under a hospital-
ist system, the need for this discontinuity may be offset
because a competent and busy hospitalist will have a large
intensive care unit volume, be available throughout the
hospital day, and understand the critical care system well
enough to manage it correctly. As a result, the imposition
of an outpatient–hospital discontinuity may render a hos-
pital–intensive care unit discontinuity less important and
even counterproductive (Figure 1.1). The presence of criti-
cal care specialists will remain important, even when
hospitalists are admitting to an open unit, when such spe-
cialists manage ventilators, perform procedures, and act as
consultants on other critical care issues. Nevertheless, the
large national shortage of intensive care specialists (18)
means that hospitalists will be called upon to perform
these complex functions in many institutions. The UCSF
Medical Center has a hybrid model, in which hospitalists
serve as physicians-of-record for ICU patients but all such
patients automatically receive a consultation from an in-
tensive care specialist. The intensivist has the primary role
in managing the ventilator and sedation. The model ap-
pears to work well but is, as yet, unstudied.

In some institutions, hospitalists are beginning to serve
as the physicians-of-record for surgical patients. Just as the
hospitalists’ availability throughout the day enables the
primary care physician to manage patients in the office
without interruption and provides each patient with a co-
ordinator of hospital care, the hospitalist’s involvement in
the care of surgical patients during the preoperative and
postoperative phases enables the surgeon to be in the op-
erating room all day while ensuring that the floor patient is
receiving appropriate care. Only one study has examined
the outcomes associated with hospitalist comanagement of
surgical patients; it found a modest advantage (19).
Clearly, further studies are needed.

Many hospitalists will also choose to have a major role
in hospital quality improvement, including the development
of pathways, guidelines, and reengineering projects (Chap-
ter 12). Hospitalists have already made impressive contri-
butions in patient safety and end-of-life care, areas that
clearly benefit from their systems focus, comfort with in-
terdisciplinary collaboration, and alignment with hospital
goals. In the same vein, many hospitalists will naturally
evolve toward leadership roles in areas related to hospital
operation, including the development of hospital policies
and procedures, formulary and utilization management,
and credentialing.

Chapter 1: Models of Hospital Care 7

TABLE 1.3
POTENTIAL ROLES FOR HOSPITAL-BASED
PHYSICIANS

Core activities

• Care of medical inpatients
• Traditional medical consultation

Potential additional activities

• Involvement in emergency department triage
• Facilitating transfer of patients from/to other facilities
• Management or comanagement of patients in the intensive care

unita

• Management or comanagement of nonmedical patients in the
hospitala

• Development of palliative care unit and/or consultation servicea

• Management or comanagement of patients in skilled nursing
facilities, hospice, other settingsa

• Major role in hospital-based quality improvement, patient safety
activitiesa

• Major teaching role (in teaching hospitals)a

• Research into relevant topics (common inpatient clinical
disorders, outcomes, costs, quality, safety, etc.)a

• Hospital administrationa

a Hospitalist may benefit from additional training.
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CONCLUSIONS

The emergence of the hospital model of care has been char-
acterized by rapid growth and accompanied by a reassuring
amount of data supporting the premise that hospitalists
improve the value (quality divided by cost) of inpatient
care. Nevertheless, for the foreseeable future, American
hospital care will remain a highly pluralistic system in
which the organization of care is determined by quality and
cost considerations in the context of local culture and pref-
erences. The method of hospital care chosen by each insti-
tution and group of physicians should be the one that pro-
motes the best clinical outcomes and highest patient
satisfaction at the lowest costs for both hospitalized and
ambulatory patients.

KEY POINTS

■ Hospitalists are physicians who accept hand-offs of in-
patients from primary care physicians, returning the pa-
tients to the primary providers upon hospital discharge.

■ Hospital care can be separated into four distinct stages:
stage I (primary care providers provide hospital care),
stage II (primary care providers rotate responsibility for
hospital care), stage III (voluntary hand-offs to hospital-
ists), and stage IV (mandatory hand-offs to hospitalists).

■ Potential advantages of the hospitalist model include in-
creased availability, increased hospital expertise, and in-
creased commitment to hospital quality improvement.

■ Published data support the premise that the use of hos-
pitalists leads to lower costs, shorter stays, at least equiv-
alent (and possibly improved) outcomes, and higher
teaching evaluations.

■ Potential disadvantages of the hospitalist model include
an information “voltage drop” when patients move in
and out of the hospital, and patient dissatisfaction. The
former can be minimized through better personal and
computerized communications, and the latter seems not
to be a major problem based on emerging data.
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The Economics of 

Hospital Medicine
David Meltzer Chad Whelan

2

INTRODUCTION

Hospital care is expensive and is influenced by complex in-
stitutional structures and incentives. In 2003, the United
States spent over 14% of gross domestic product—$1.6 tril-
lion—on health care (1). Of that, 32%, or $512 billion,
went to hospitals. Moreover, a sizeable fraction of the 22%
of total spending on physicians went for hospital care.
Given these large expenditures, the federal government and
other major payers have enacted policies designed to con-
trol hospital expenditures. These policies often create in-
centives that may lead to conflicts of interest between pay-
ers, hospitals, physicians, and patients. Hospital physicians
must understand the nature of these incentives and the po-
tential for these conflicting interests in order to be most ef-
fective as agents for both their patients and the hospitals in
which they work.

The fact that the United States medical economy is com-
plicated and differs in important ways from the traditional
market model (2)makes attempts to understand the effects
of cost-control policies more difficult. Differences from the
traditional model include the multiple organizational
forms hospitals take (for-profit, not-for-profit, government-
funded), multiple payers and payment systems (direct con-
sumer payment, fee-for-service private insurance, capitated
insurance, government insurance), pervasive state and fed-
eral regulations, and the complex interactions among these
factors (e.g., cost for payers versus health for patients).

HOSPITAL ORGANIZATION AND
HOSPITAL–PHYSICIAN RELATIONS

Hospitals are of three major types: not-for-profit, for-profit,
and government-funded. All these systems have key com-

ponents that drive their organizational behavior and influ-
ence the behavior of those who regularly interact with the
hospital, including physicians. Many of the key stakehold-
ers in each system are similar. They include the hospital
leaders, physicians, hospital employees (sometimes in-
cluding physicians), patients, and payers. Each stakeholder
may have different goals—some may hope to increase rev-
enue, and others may hope to decrease costs. These organi-
zational frameworks may differ in how they value the
needs and priorities of various stakeholders.

Not-for-profit hospitals are the most common type in the
United States. They earn their name because of the require-
ment that they not distribute profits to shareholders, as
would typically happen in a for-profit firm. Although not-
for-profit hospitals usually receive the vast majority of their
revenue from patient care, they may also receive donations
or service in kind from an affiliated organization (e.g., a
church) and government subsidies through exemption
from corporate taxes. In exchange for subsidies, they must
regularly demonstrate evidence of community benefit,
such as providing uncompensated care or other programs
that benefit the health of the community.

Even not-for-profit hospitals usually aim to have rev-
enues that exceed costs. When they are successful, the excess
income is reinvested in the hospital in the form of savings,
capital investment, higher payments to physicians and/or
employees, or greater spending on uncompensated care, re-
search, or other aspects of the hospital’s mission. Physicians
may be employees, yet they are generally paid indepen-
dently (through professional fees) and face different incen-
tives from those of the hospital administration (3). In the
not-for-profit system, the hospital administration’s goals
include increasing revenue, decreasing costs, improving
quality of care, having high employee satisfaction, and en-
hancing the reputation of the hospital. Physicians and other
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employees may share many of these goals but place differ-
ent weight on them. For example, hospital administrators
may want lower costs, and hospital employees may want
higher earnings. Similarly, physicians may want the newest
facilities and excess hospital capacity if it benefits them or
their patients because the hospital bears the cost of those ex-
penditures. In contrast, hospital administrators may want as
little excess capacity as possible.

Because physicians are critical to determining where a pa-
tient will be hospitalized and can choose to affiliate them-
selves with many hospitals, hospitals often compete for
physicians. Thus, the relative bargaining power of physi-
cians and hospitals in the not-for-profit setting may have
important effects on how care is provided. This bargaining
may produce incentives that make care more expensive if
hospitals overinvest in infrastructure in an attempt to attract
physicians. Efficiency of care may also be impaired by the
internal structure of the hospital, which usually includes rel-
atively independent management of services such as nurs-
ing, pharmacy, and information services. In the absence of
strong central leadership or a culture of cooperation, this
can result in a “silo mentality” that complicates efforts for
cooperation among these services (Chapter 4).

In for-profit hospitals, profits can be returned directly to
the stockholders. In theory, this may improve efficiency be-
cause stockholders will be less willing to tolerate lost prof-
its than managers will be in a not-for-profit hospital. In
practice, however, greater efficiency in for-profit hospitals
has not been widely demonstrated (4). There are several
reasons for this. Even though profits become an important
goal, for-profit hospitals must still compete with not-for-
profit hospitals for patients, payers, physicians, and em-
ployees. Therefore, they must also respond to the interests
of these stakeholders, which leads them to resemble not-
for-profit hospitals more than would otherwise be ex-
pected. For-profit hospitals are more likely to employ
physicians as salaried employees, and so they may have
greater power to align physicians’ incentives to promote the
efficient use of hospital resources, either through exerting
influence on individual practice patterns or by increasing
the efficiency of hospital infrastructure. However, not-for-
profit hospitals are also recognizing that systems and sys-
tems improvement are important in optimizing the cost
and quality of care. They are also realizing, along with for-
profit hospitals, that compensating physicians for these
roles and practice patterns can be a critical investment.

Hospitals may also be owned by federal, state, or local gov-
ernments. These hospitals generally receive direct budgetary
support that enables them to provide care to patients who
would not be covered in other hospitals (such as veterans in
the case of VA hospitals or uninsured persons in the case of
public hospitals). As a result, these hospitals may not com-
pete as directly with other types of hospitals for patients or
payers. Nevertheless, government-owned hospitals may
also care for patients with private or other government in-
surance (such as Medicare), which subjects them to com-
petitive pressures to some degree. Like for-profit hospitals,

government hospitals generally employ physicians as
salaried employees. This often gives administrators greater
ability (in principle) to direct physician activities, whether
with respect to clinical practice or investment in hospital in-
frastructure. Whether these administrators effectively exer-
cise this ability may be determined by the incentives the ad-
ministrators face in the organization and the discretion they
are given in allocating resources. The size and complexity of
bureaucracies in government-funded hospitals may
markedly influence the impact of administrators on hospi-
tal physicians’ activities.

HOSPITAL REIMBURSEMENT

Reimbursement for care in hospitals other than govern-
ment-owned hospitals has historically been based on a fee-
for-service model, in which hospitals bill payers (whether
an insurer or the patient) based on the services provided.
Except in government-funded and HMO-owned hospitals
(where physicians are on salary), physicians generally bill
separately, reflecting the historical dominance of the not-
for-profit model of care in the United States, with its asso-
ciated separation of hospital and physician interests. These
payment systems are examples of retrospective reimbursement
systems, which pay based on either the precise services pro-
vided or on a proxy for resource use, such as length of stay.
Because these systems pay more to hospitals and doctors
when resource use is greater, they can provide incentives for
greater resource use.

Prospective reimbursement systems contrast with retrospec-
tive systems by paying a fixed amount for some episode of
care regardless of the amount of care provided. The best ex-
ample of a pure prospective payment system is a capitated
health care system, such as a health maintenance organiza-
tion, in which a fixed payment is made to provide care for
an individual for a given period of time, usually via a
monthly or annual premium. In hospital care, prospective
payment systems more commonly involve a fixed payment
for a single hospitalization for a given cause. Among these
systems, the most important is the Medicare prospective
payment system, which pays hospitals a fixed amount per
episode of hospital care for a specific illness. The diagnosis-
related group (DRG) of the patient’s primary diagnosis in
large part determines the level of compensation. For exam-
ple, DRG 89 is community-acquired pneumonia.

Hospital reimbursement systems can have important im-
plications for the cost, quality, and organization of care. For
example, after the institution of Medicare’s prospective pay-
ment system, hospital lengths of stay decreased because ad-
ditional days of hospital care did not yield additional rev-
enue for hospitals. Evidence is reasonably clear that patients
were discharged “quicker and sicker,” but there is less evi-
dence that outcomes were adversely affected, although some
studies suggest small effects on short-term mortality (5,6).
Other studies suggest that prospective payment systems may
have the largest adverse effects on the sickest patients be-

12 Section I: General Issues in Hospital Medicine
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cause these are the least profitable patients under such sys-
tems (7). For this reason, it is important that prospective
payment systems have reimbursement categories narrow
enough to ensure adequate incentives for patients with all di-
agnoses to receive care. More generally, the concern that
prospective payment systems may provide incentives to re-
duce care makes the ability to measure quality of care espe-
cially important in these systems (Chapter 12).

Payment systems also have implications for the organi-
zation of care. For example, when hospitals are prospec-
tively paid, the increased incentives for early discharge tend
to result in an increase in the use of skilled nursing facilities
after discharge (Chapter 4). Likewise, there may be incen-
tives to postpone non-urgent tests, such as endoscopy in
patients with stable GI bleeding, until after discharge. De-
cisions such as these may pit the interests of patients
against those of hospitals (Chapter 17). Such conflicts of-
ten reflect fundamental tensions that arise because of the
need to control health care costs, but they can clearly be ex-
aggerated in systems that do not create incentives to ensure
quality while controlling costs. Medical ethics, the threat of
malpractice litigation, and circumspect hospital adminis-
tration can all limit the influence of the lack of cost and
quality incentives, but awareness of cost issues is critical to
ensuring that they do not harm the quality of care. Inte-
grated health systems, such as HMOs or the VA system,
seem to be less likely to suffer from suboptimal incentives,
in part because they have strong incentives to focus on in-
tegrating services across transitions of care.

Competition among hospitals has the potential to mod-
ify many of these relationships among the system of hospi-
tal reimbursement and the cost and quality of care. For
example, when hospital care is retrospectively reimbursed,
having a greater number of hospitals in an area can result in
greater competition among hospitals for doctors. This, in
turn, can cause hospitals to overinvest in infrastructure, in-
creasing costs in what is sometimes called a “medical arms
race” (8). In contrast, greater competition among hospitals
under prospective payment generally decreases costs by driv-
ing inefficient practices out of the market. Competition
under prospective payment may also have a less desirable
outcome because it can make it more difficult to cross-subsi-
dize the care of costly patients with payments for the care of
less costly patients in the same categories (9). This can hap-
pen because hospitals have increased incentives for devoting
resources to selectively attracting the healthiest (and most
profitable) patients within a diagnostic category. For exam-
ple, a hospital may decide it is more profitable to redecorate
the lobby of the hospital than to modernize the ICU.

HOSPITAL ECONOMICS IN PRACTICE

Because hospitalists can assume important management
positions within their hospitals, they are often asked to
help their institutions address economic concerns. Such
concerns are usually most acute when a hospital’s prof-

itability is jeopardized. However, because profits can al-
ways be used to meet institutional goals, the pressure to
increase profits is ubiquitous. Because profit is defined as
revenue minus cost, the essential components of improv-
ing profits are increasing revenues and decreasing costs.

Increasing Revenues

Hospital revenues come from patient care, direct govern-
ment payments (e.g., to VA hospitals), donations, or
research support. For all hospitals other than government-
owned hospitals, most revenue comes from patient care.
Revenue is, therefore, determined primarily by the price
and quantity of care provided.

A hospital may receive different prices for the same ser-
vice from different payers—including sometimes no reim-
bursement when it is unable to collect on a bill that it issues
to a patient or insurer. Therefore, the payer mix can have a
major effect on revenue. Sixty percent of hospital care is
paid for through public funds, mostly through Medicare
and Medicaid. Reimbursement rates often vary by hospital,
across clinical services, and over time, but public payers
tend to reimburse at lower levels than private fee-for-ser-
vice insurance, with Medicaid paying less than Medicare.
The private funding sources are patient self-payment and
private insurance. Self-payment is steadily decreasing; it
now accounts for less than 20% of all health care costs,
down from almost 35% in 1980. Private insurance reim-
bursement may be fee-for-service or capitated.

Hospitals generally try to develop the best payer mix to
maximize revenue. Although simply accepting only the
highest-paying private insurance would provide the best
payment for a given service, the hospital must also attract
enough patients to keep sufficiently busy to cover the costs
of running the facility (“covering its fixed costs“). The opti-
mal payer mix for a hospital reflects the available payers,
the local environment, the size of the hospital, and more.
All these factors must be taken into account when the hos-
pital negotiates contracts.

Billing and collections can significantly affect revenues
and are remarkably complex. Rules for billing are highly
regulated and increasingly strictly enforced. It is important
for a health care organization to bill efficiently and accu-
rately, as this is its major source of funding. Investment in
infrastructure to maximize appropriate billing may signifi-
cantly improve revenues (e.g., assuring that visits that
should be reimbursed at a higher level, such as “Pneumo-
nia, pseudomonas” are billed at that level as opposed to be-
ing billed at the lower level of, for example, “Pneumonia,
not otherwise specified, or NOS”).

The quantity of care provided is the other major deter-
minant of revenue. Hospitals influence this by attracting
patients, physicians, and payers and by making services
available to them when they need them. Quality of care,
both actual and perceived, the availability of specialized
services, convenience, and amenities such as decor may all
be important in attracting patients (Chapters 12 and 14).
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Physicians may guide their patients to hospitals based on
these same factors but have additional interests relating to
their own personal convenience—ranging from the re-
sponsiveness of the nursing staff and the availability of
clinical services such as radiology to the transit time from
their office and the convenience of parking. Hospitals can
also increase revenue by adding new resources, such as
building a new hospital or more heavily using existing re-
sources. Maintaining a high hospital occupancy rate (e.g.,
greater than 90%) is the most important factor in assuring
high use of existing resources.

Decreasing Costs

The other component of the profit equation is costs. Costs
can be conceptualized in several ways, but one of the most
important distinctions is between variable and fixed costs.
Variable cost is the incremental expenditure associated with
providing a service, especially in the short run, when basic
infrastructure or overall staffing levels are fixed. For exam-
ple, the variable costs for administering a medication
would include the cost of the IV tubing, solution, medica-
tion, and gloves worn by the nurse when administering the
medication. Fixed costs are the remaining portion of the
hospital’s expenditures after variable costs are removed.
These fixed costs are then attributed by an accounting sys-
tem to the different activities in which the hospital engages.
For example, the cost of staffing the pharmacy would be
distributed among the number of medication doses pro-
vided. Because the vast majority of hospital costs are fixed
(more than 80% in some studies (10)), understanding how
a cost-saving intervention will affect fixed costs is essential.
Assigning costs to a specific activity is often difficult in prac-
tice, so hospitals sometimes describe costs in terms of “di-
rect” and “indirect” costs. Direct costs are costs that can be
directly identified as being associated with an intervention,
for example, the cost of the IV tubing, solution, and medi-
cation in the instance noted above. Indirect costs are those
costs not identifiable but nevertheless associated with an
intervention, for example, the nurse’s gloves in the example
above (because there is no mechanism to identify that the
gloves were used for that particular purpose).

Of particular importance is that fixed costs may become
variable costs over a period of time. For example, if more
medications are ordered, it may be necessary to hire addi-
tional pharmacists. As a result, it can be very difficult to
determine the true incremental cost associated with a treat-
ment, and an intervention that reduces costs in one setting
may not in another. For example, an intervention that saves
pharmacists time may not reduce costs unless pharmacist
staffing can be reduced. This may not be possible in a small
hospital that has only one person working at a time but
might be more likely in a larger hospital that can reduce
staffing in proportion to the decrease in workload.

This last example illustrates economies of scale, which occur
when the cost of producing an output falls as the quantity of

outputs provided rises. The most common reason for
economies of scale in hospitals is the large component of
fixed costs. For example, the fixed-cost component of an MRI
scanner that costs $3 million per year to operate while pro-
viding 3,000 scans per year is $1,000 per scan. In a smaller
hospital in which only 1,000 scans per year are done, the
fixed cost would be $3,000 per scan. Even large hospitals of-
ten cannot fully exploit economies of scale, providing a
major incentive for hospital growth, consolidation, and spe-
cialization. Economies of scale can also occur when a larger
organization gains experience in providing a given service
and that experience results in better outcomes or lower costs
(11). Diseconomies of scale can occur as well, as when a hos-
pital becomes too large to manage effectively. Managing
such economies of scale is a key part of good hospital lead-
ership. In the earlier pharmacist example, a good manager
might recognize that increasing the efficiency of the phar-
macist could allow the hospital to implement a more inten-
sive program reviewing medication appropriateness. This
manager might also recognize that improving pharmacists’
workflow may improve their satisfaction and make it easier
to retain excellent pharmacists at more moderate salaries.

Length of Stay

In practice, reducing length of stay (LOS) is often the most
significant way in which hospitalists can reduce costs
(12,13). The business case for LOS reduction depends on
its effects on both revenues and costs, with complex inter-
action between issues such as reimbursement system and
hospital occupancy. For example, under prospective pay-
ment, reducing length of stay enables the hospital to obtain
added revenue by admitting more patients using the same
fixed resources. However, under retrospective per-diem re-
imbursement, shorter lengths of stay may not translate di-
rectly into either added revenue or improved profits. A
good example of this is the incentive to discharge patients
to a skilled nursing facility at the end of a hospitalization.
Under prospective reimbursement, this clearly reduces
hospital costs and allows additional revenue to be gener-
ated. Under per-diem reimbursement, patients who can be
discharged to a skilled nursing facility may be far less ex-
pensive to care for than the average hospital patient, mak-
ing it profitable to keep them in the hospital.

CONCLUSIONS

Hospital economics are influenced by the organizational
form of the hospital, the relationship between hospitals
and physicians, and complex interactions between reim-
bursement systems and market competition. In practice,
these forces interact with local phenomena relating to re-
imbursement mechanism, payer mix, and cost structure to
determine how changes in hospital operations affect prof-
its through both revenues and costs. Hospitalists (and
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others) can be most effective when they understand the
components of the equation and how to effectively operate
within the system.

KEY POINTS

■ Hospital care is expensive and is often reimbursed by
prospective payment systems that may create incentives
to limit care.

■ Hospitals have different organizational forms, including
not-for profit, for-profit, and government-owned.

■ These organizational forms produce incentives that in-
fluence both the relationship between physicians and
hospitals and the effects of reimbursement systems on
the cost of care.

■ In practice, hospitals attempt to increase revenue by im-
proving payer mix and billing practices, by increasing the
volume of care provided, and by decreasing costs by
identifying variable and fixed costs that can be reduced
in the short run or long run.

■ Decreasing length of stay is an important way hospitalists
can help hospitals increase revenues and decrease costs.
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Practice Management 

in Hospital Medicine
John R. Nelson

INTRODUCTION

The increasing pace and complexity of hospital care has led
to new approaches to providing that care. This chapter ex-
plores these approaches, with a particular emphasis on or-
ganizational and financial issues for hospitalist programs.

ISSUES RELATED TO CONTINUITY 
OF HOSPITAL CARE

The hospitalist model of care involves a discontinuity of care
between the primary care physician (PCP) and the hospital-
ist. Hospitalist groups are thinking carefully about ways to
mitigate the potential adverse effects of this discontinuity
through effective communication strategies among the PCP,
patient, and hospitalist (1). However, an issue often over-
looked is the continuity of care between patient and hospi-
talist during a single hospitalization or across multiple hos-
pitalizations over time. One can speculate that a patient
could benefit from seeing the same hospitalist each day of a
hospital stay and during future hospitalizations. However,
perfect hospitalist–patient continuity, such that the same
doctor always sees a patient, is unrealistic because it requires
that the doctor be constantly available. Thus, it is important
for each group to find an appropriate balance between com-
peting needs of continuity and physician lifestyle.

Patient–hospitalist continuity is most often discussed in
relation to a single episode of hospital care. Many practices
schedule doctors in blocks of days, such that a significant
number of hospitalized patients will be cared for by a sin-
gle physician during the patient’s entire stay. The following
simple formula offers a way to estimate the optimal length
of these blocks:

C � �
D � (

D
L � 1)
� � 100

where C is the percentage of patients having only one hos-
pitalist during a hospitalization (“continuity”), D is the av-
erage duration of hospitalist shifts, and L is the average
length of stay in days.

For example, the formula tells us that, in a program that
uses five-day hospitalist shifts and has a median length of
stay of five days, only 20% of patients will see the same
hospitalist each day (C � 20%). Increasing the shift length
to eight days improves continuity to 50%. The schedule
that provides the best continuity (i.e., highest value for C)
while still ensuring a reasonable and sustainable lifestyle
for the doctor is probably the best choice.

Continuity between patient and hospitalist across multi-
ple hospital stays (admissions) is somewhat more compli-
cated and less often discussed when considering hospitalist
schedules. While no data has been published to inform this
discussion, it seems reasonable to speculate that having a
patient see the same hospitalist during each admission
might facilitate a closer bond between patient and physician
and reduce the risk of clinical information “falling through
the cracks.” However, the author’s anecdotal experience
suggests that most hospitalist practices find this difficult,
and typically a patient is assigned to whichever hospitalist
is on duty for admissions despite the theoretical benefits of
admission-to-admission continuity.

When thinking about how to optimize continuity from
one hospital stay to the next, three approaches are attract-
ing interest:

1. For patients readmitted in a short period of time (e.g.,
less than seven days), have the hospitalist who cared for
the patient during the prior stay see the patient again. If
that doctor is away at the time of the patient’s return, a
partner could care for the patient until the original
attending hospitalist is back on duty. For patients read-
mitted after a longer period (and thus somewhat less
likely to be returning for the same reason as the original

3
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admission), the attending hospitalist would be the one
on duty at the time of the patient’s return. Many hospi-
talist groups take this approach.

2. A patient is paired with a hospitalist at the first admis-
sion to the hospitalist practice, and the same doctor sees
that patient during every future admission. The only
exception would be that a partner hospitalist sees the
patient when the patient’s main hospitalist is away.
Such a system means that each hospitalist essentially
builds his or her own patient population in much the
same way an office-based doctor does. While this ap-
proach may sound ideal, it is unusual because of many
complexities. For example, one hospitalist could be ex-
tremely busy with patients while a partner hospitalist
might have little work to do. This is not a good way to
distribute the practice manpower. Additionally, because
most hospitalist practices are still relatively new, they
are experiencing growth (adding doctors) and turnover.
Last, this system is of little value for groups that work a
modest number of days per year (e.g., a seven-days-
on/seven-days-off schedule) or often use part-time doc-
tors, because there is less chance a given patient’s main
hospitalist will be working at the time of any future ad-
mission.

3. An alternative to the above approach is to pair each hos-
pitalist with an individual referring physician such that
any patient referred by that doctor would always see the
same hospitalist. This system should have similar ad-
vantages and drawbacks to that described above, with
one additional advantage. The referring doctor and hos-
pitalist could get to know each other even better and de-
velop a relationship that is close to a true partnership.
However, because of the same complexities described
above, and because unassigned patient admissions from
the emergency department would fall outside this pro-
tocol, this approach to continuity is in use in only one
practice of which the author is aware.

NIGHT-TIME HOSPITALIST COVERAGE

The ideal system of night coverage for a hospitalist practice
varies significantly from one practice to the next. Most small
groups of five or fewer doctors use traditional call schedules
with one member of the group on call for any night work.
However, with larger groups, the burgeoning night work
makes it increasingly difficult for a doctor to work the day
before and day after being on night call. This leads many to
adopt a separate system of night coverage staffed by dedi-
cated doctors who work only at night (colloquially referred
to as “nocturnists”), non-hospitalist moonlighters, or mem-
bers of the hospitalist group rotating responsibility for night
coverage for several consecutive nights without accompa-
nying daytime responsibility. In practices with significant

amounts of night work, such systems seem likely to provide
for more sustainable careers and reduced risk of burnout.

In addition to the potential benefits for physician
lifestyle, a system of dedicated night coverage might pro-
vide a number of other benefits, including better patient
care. It is easy to imagine that an on-call doctor might
handle patient care issues differently at night than a dedi-
cated night-shift doctor who is in the hospital and expect-
ing to work rather than worrying about how to get some
rest before the next working day. For example, nurses may
be more willing to call a night doctor who is awake and
in the building than a sleep-deprived on-call physician.
Additionally, a dedicated night-shift doctor is likely to
form better working relationships with the night nursing
staff, and this could translate into improved work satis-
faction for all parties. It is possible that dedicated night
coverage by hospitalist practices will become one of the
key interventions to improve the quality of care and sus-
tainability of the practice.

Successive surveys of hospitalists show that call-based
schedules are increasingly being supplanted by shift-based
schedules (2). In 2002, 40% of hospitalists responding to a
survey reported having no on-call hours (3). Taken to-
gether, these results suggest an increasing prevalence of
dedicated night coverage. Still, such systems are far from
universal, and the barriers to their universal adoption
include the following:

■ Difficulty in financially supporting the night position
■ For small hospitalist groups, a volume of night work that

does not justify a dedicated night system
■ Difficulty in recruiting doctors willing to work solely or

primarily at night

Of these, the issue of financial support for the position can
be the most difficult to overcome. The most economically
productive time for a hospitalist is daily rounds, and night
doctors do not conduct them. At night, the hospitalist
might admit several patients, see a few “floor” patients, and
field a number of calls from the nursing staff, but these ac-
tivities seldom generate enough professional fee revenue to
provide adequate compensation. Two common solutions
can help ensure economic viability of the night system.
First, and most commonly, in many health care systems the
hospital or a payer (e.g., a managed care organization) sees
enough value in a dedicated night system that it provides
the funding to make up the difference between collected
fees for work at night and the doctor’s salary. Second, the
night doctor can seek additional revenue sources, such as
providing call coverage to doctors outside the hospitalist
practice for a fee and then billing for the visits made.

As hospitalist practices mature in the coming years, it ap-
pears likely that night on-call systems will be replaced by
dedicated systems of night coverage. A number of other
specialties—including emergency medicine and hospital-
based radiology—have seen a similar evolution or are
experiencing it now.

18 Section I: General Issues in Hospital Medicine
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HOSPITALIST CAREER LONGEVITY 
AND BURNOUT

No clear statistics are available, but anecdotal evidence
suggests that physician turnover in hospitalist practice
might be higher than in other specialties. A number of or-
ganizational and individual characteristics might influence
hospitalist career longevity, but one major factor in a
higher turnover rate for hospitalists is probably the rela-
tively low barrier to entry to this type of practice. When
compared with other generalist careers, hospitalist practice
may be an attractive choice because it seems similar to how
most residents spent a great part of their training (i.e., car-
ing for hospitalized patients). Moreover, one can join a
hospitalist practice and be busy on the first day rather than
spend months building a primary care practice. Finally,
leaving a hospitalist practice might be less disruptive to col-
leagues (and patients) because the practice has no regular
patients that might leave or need to be reassigned to other
doctors. All these factors could increase the chance that
doctors might pursue hospitalist practice as a temporary
stop before moving on to other training or practice settings.

These factors contribute to physician turnover indepen-
dent of many other issues related to career longevity, such
as professional satisfaction, income, and burnout. Surveys
designed to assess these latter features show that most hos-
pitalists are satisfied with their work and intend to remain
hospitalists for the foreseeable future (Table 3.1).

Many remain concerned about the issue of hospitalist
burnout. As Table 3.1 shows, 38% of hospitalists were ei-
ther burned out or at risk of burnout in 1999 (2). These per-
centages become even more worrisome considering that
85% of survey respondents had been hospitalists five or
fewer years (46%, two or fewer years). More research is
needed to learn the factors that increase and prevent
burnout, but the 1999 survey highlighted several variables
associated with burnout (see Table 3.2).

Clearly, more study is needed regarding maximizing sat-
isfaction with the hospitalist career and preventing
burnout. The single study in 1999 does not provide enough
information to serve as the basis of definitive guidelines for
the optimal practice structure. Information from similar
specialties such as emergency medicine and critical care
medicine may be helpful because they have burnout rates
of 40%–60% (4,5). In the absence of definitive guidelines,
each practice must carefully consider the available infor-
mation and the preferences of its doctors to arrive at deci-
sions about operating the practice. It seems clear that such
an approach leads many groups to modify their practice
schedules frequently.

FINANCIAL VIABILITY OF HOSPITALIST
PRACTICE

Survey data from 2002 show that 75% of hospitalists re-
ceive some financial support in addition to the collection
of professional fees (3). This support usually comes from
the hospital served by the hospitalists, but it may come
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TABLE 3.1

HOSPITALIST JOB SATISFACTION

Hospitalist satisfaction, 2000

Very satisfied 58%
Satisfied 35%
Somewhat dissatisfied 6%
Very dissatisfied 2%

Hospitalist work attitudes, 1999

Level of job burnout:

Burned out 12.9%
At risk of burnout 24.9%
No current risk of burnout 62.2%

Years intending to remain a practicing hospitalist

0–3 17.5%
4–7 18.3%
�7 64.2%

Lindenauer PK, Pantilat SZ, Katz PP, Wachter RM. Hospitalists and the
practice of inpatient medicine: results of a survey of the National
Association of Inpatient Physicians. Ann Intern Med 1999;130:343–349.
Hoff TH, Whitcomb WF, Wiliams K, Nelson JR, Cheesman RA.
Characteristics and work experiences of hospitalists in the United
States. Arch Intern Med 2000;161:851–858.

TABLE 3.2
FACTORS ASSOCIATED WITH HOSPITALIST
BURNOUT

• Perception of restricted autonomy
• Working for an institution (e.g., hospital or health maintenance

organization) rather than self-employed or working in group
practice

• Poor “occupational solidarity”
• Poor integration with non-MD co-workers
• Poor recognition by patients/families for job that is done
• Inability to treat entire range of patient problems

Interestingly, the following were not shown to correlate with burn-
out:

• Number of new patients (admissions and consultations) seen per
month

• Portion of compensation linked to financial incentives
• Perceived pressure to contain costs

Hoff TH, Whitcomb WF, Wiliams K, Nelson JR, Cheesman RA.
Characteristics and work experiences of hospitalists in the United
States. Arch Intern Med 2000;161:851–858.
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from other sources, such as a managed care organization or
a large group medical practice. The median amount of this
support was 30% of professional fee revenue for the prac-
tice (3). The entity providing this support is usually in the
position of benefiting financially from the increased effi-
ciency hospitalists bring about. Hospitalist practices often
require this additional support for several reasons, incuding
the following:

■ Hospitalists can usually command a salary that is
5%–15% higher than that of doctors with the same train-
ing in the same market. For example, an internal
medicine-trained hospitalist might make 5%–15% more
than an internist in traditional practice in the same area.
This is because in most areas the demand for hospitalists
exceeds the supply (a situation that may change in a few
years as an increasing number of residents seek careers as
hospitalists). Additionally, hospitalists usually have
more night and weekend responsibilities than PCPs in
traditional practice.

■ Hospitalists are often asked to care for unassigned pa-
tients admitted through the emergency department, a
patient population that is usually associated with lower
levels of reimbursement.

■ The amount of work to be done at night might be such
that a traditional on-call schedule is unreasonable and a
dedicated system of night coverage is needed. Typically,
the night work fails to generate enough professional fee
revenue to support the night position, and additional
support might be needed.

Despite these factors, the survey indicates that 25% of
groups do not receive additional financial support (3).
However, many of these groups do receive support over
and above the prevailing reimbursement rates for the local
market. This support comes through a variety of mecha-
nisms, including local payer(s) approving hospitalist fee
schedules that are higher than the prevailing rates, or
through nonfinancial support (such as a hospital paying
for a system of night coverage using moonlighters). Groups
that receive such support might indicate on a survey that
they receive no money beyond their collected fees, yet they
do depend on support beyond prevailing reimbursement
rates.

Clearly, some hospitalist practices operate solely with
professional fee collections (at the prevailing market rates).
The author’s experience suggests that these groups either
work at a difficult and potentially unsustainable pace, pay
salaries below those of hospitalists in other practices, or
both.

It is difficult to predict whether support in addition to
professional fee revenue will remain a typical part of hos-
pitalist practice in the future, but it does seem unlikely that
professional fees (at least those paid via government pro-
grams such as Medicare) will increase to make this financial
support unnecessary.

HOSPITALISTS AND HEALTH 
SYSTEM EFFICIENCY

Efficient patient care delivery is one of the most well-studied
attributes of hospitalist practice. Nearly all studies that have
examined this issue have found that hospitalist care is asso-
ciated with reductions in length of stay (LOS) and cost per
case of about 15%–20% when compared with care delivered
by non-hospitalists (6). Data are beginning to accumulate
that this improved efficiency does not come at the expense
of quality of care; in fact, hospitalist care may be associated
with improved patient outcomes (7,8).

Many hospitalist practices carefully measure efficiency-
related statistics such as LOS and costs, as well as a number
of clinical quality measures. However, these metrics may
fail to capture some additional value that the practice
might provide to the hospital or health system. For exam-
ple, a hospitalist practice might increase a hospital’s market
share of referrals through good relationships with physi-
cians and smaller hospitals in the outlying areas.

Another, and increasingly important, way hospitalists
can increase hospital efficiency is by influencing the time of
day that a patient is discharged. As hospitals have become
increasingly full in the past few years, they have become
more dependent on early patient discharges (e.g., approxi-
mately 11 AM) so that beds can be made available for sched-
uled and emergency admissions. Late discharges pose less
problems for hospitals that are not full, but those hospitals
still incur the cost of needing more nursing staff on the af-
ternoon/evening shift than if patients were discharged early
in the day.

The following example illustrates the issue of early dis-
charge and hospital bed availability for full hospitals. Imag-
ine a 100-bed hospital that is full in the morning. Of the 20
discharges that will take place that day, three are delayed un-
til late in the afternoon for nonmedical reasons. That leads
to the cancellation of three elective admissions planned for
that day. If those delayed patients were discharged early in
the day, the hospital might avoid canceling the elective ad-
missions, thereby serving more patients with the same num-
ber of beds. In other words, with early discharge, it is as
though the hospital has access to three more beds without
having to construct them or add new staff to provide care.

Some hospital administrators speak in terms of expedit-
ing throughput by reducing LOS and discharging patients
earlier in the day. For a 300-bed hospital, a 0.25-day re-
duction in LOS for all patients would have the effect of
making 12 “new” beds available and freeing approximately
nine nursing full-time equivalents. Hospitalists are well po-
sitioned to address these issues by providing efficient care,
by letting patients and families know the anticipated date
of discharge as early in the hospital stay as possible, and by
visiting patients potentially ready for discharge very early in
the day. Of course, the hospital needs to do its part: ensur-
ing that clinical data used to make discharge decisions are
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made available to the physician early in the day and elimi-
nating hospital-related bottlenecks that lead to the patient
remaining in the room unnecessarily after the discharge
order is written.

While obvious, it is worth mentioning again that medi-
cal issues must take precedence in deciding the day and
time of discharge. Some patients cannot be appropriately
discharged until late in the day, after their evaluation and
treatment is completed. While these patients may first ap-
pear to be delayed discharges, they might in fact be very
early discharges—by being released late in the day rather
than the next morning, as might have occurred years ago.

CONCLUSIONS

As the care of hospitalized patients continues to evolve, on-
going clinical and economic challenges will require adjust-
ments in the care delivery system to ensure the provision of
high-value care. Information from research studies will
help determine the most effective ways to improve care
delivery, but published research is unlikely to answer all
questions about how physicians and hospitals should be
organized. Innovation will always be needed in response to
local strengths and challenges.

KEY POINTS

■ While the hospitalist model of care involves a disconti-
nuity between inpatient and outpatient providers,
thoughtful arrangements of the hospitalist’s work sched-
ule can maximize patient–hospitalist continuity while
preserving a sustainable lifestyle for the doctor.

■ The on-site presence of a night hospitalist who does not
also work the day before or after the night shift may have
important benefits for patient care and hospitalist
longevity. However, there are significant challenges to
implementing such a system.

■ Few data are available to answer questions about hospi-
talist career longevity and burnout, but they may be
similar to what is seen in fields, such as emergency
medicine or critical care medicine. Physician turnover in
hospitalist practice may be much higher than in other

primary care roles because of the comparatively low
barrier of entry to hospitalist practice.

■ For many reasons, most hospitalist practices require a
source of financial support in addition to the collection
of professional fees. This is an area that may see signifi-
cant changes in the future.

■ When medically appropriate, discharge of patients early
in the day can have a significant impact on the number
of patients that the institution can serve. Discharge early
in the day can be valuable to a hospital, but that value
does not appear in commonly tracked statistics such as
length of stay or cost per case.

REFERENCES

1. Nelson JR, Whitcomb WF. Organizing a hospitalist program: an
overview of fundamental concepts. Med Clin N Am 2002;
86:887–909.

2. Hoff TH, Whitcomb WF, Wiliams K, Nelson JR, Cheesman RA.
Characteristics and work experiences of hospitalists in the United
States. Arch Intern Med 2001;161:851–858.

3. Society of Hospital Medicine (formerly National Association of In-
patient Physicians). 2002 Survey of Hospitalist Productivity and
Compensation.

4. Goldberg R, Boss R, Chan L, et al. Burnout and its correlates in
emergency physicians: four years’ experience with a wellness booth.
Acad Emerg Med 1996;3:1156–1164.

5. Gutupalli K, Fromm R. Burnout in the internist-intensivist. Intensive
Care Med 1996;22:625–630.

6. Wachter RM, Goldman L. The hospitalist movement 5 years later.
JAMA 2002;287:487–494.

7. Meltzer D, Manning WG, Morrison J, et. al. Effects of physician ex-
perience on costs and outcomes on an academic general medicine
service: results of a trial of hospitalists. Ann Intern Med 2002;
137:866–874.

8. Auerbach AD, Wachter RM, Katz P, Showstack J, Baron RB, Gold-
man L. Implementation of a voluntary hospitalist service at a com-
munity teaching hospital: improved clinical efficiency and patient
outcomes. Ann Intern Med 2002;137:859–865.

ADDITIONAL READING

Auerbach AD, Aranson MD, Davis RB, Phillips RS. How physicians
perceive hospitalist services after implementation: anticipation vs.
reality. Ann Intern Med 2003;163:2330–2336.

Leigh JP, Kravitz RL, Schembri M, Samuels SJ, Mobley S. Physician
career satisfaction across specialties. Arch Intern Med 2002;
162:1577–1584.

Pantilat SZ, Wachter RM. The patient-provider relationship and the
hospitalist movement. Am J Med 2001;111(Suppl).

Chapter 3: Practice Management in Hospital Medicine 21

26410 ch 003  3/25/05  11:01 AM  Page 21



26410 ch 003  3/11/05  2:33 PM  Page 22



Hospital Interfaces
Winthrop F. Whitcomb John R. Nelson

4

INTRODUCTION

In our increasingly complex health care system, patients re-
ceive care from a staggering number of providers. This is
particularly true in the hospital, where the average patient
sees dozens of health care personnel every day. Not sur-
prisingly, fragmentation among various departments and
providers is an important obstacle to high-quality and effi-
cient care (1) and has led some to examine how best to
manage the myriad hospital interfaces. This chapter ex-
plores key physician interfaces, both within the hospital
setting and across the care continuum. In addition, the
chapter discusses the interactions between physician and
nonphysician members of the hospital care team. Specific
strategies related to hospital discharge are further consid-
ered in Chapter 5.

Rapid advances in information technology aimed at
linking the hospital and other care settings will signifi-
cantly improve the physician’s ability to care for patients ef-
fectively. However, technology will not diminish the im-
portance of the time spent communicating with and
examining the patient, nor will it obviate the need for
physicians to properly manage the dozens of personal in-
teractions that frequently determine the outcomes and cost
of care.

TERMINOLOGY

As discussed in Chapter 1, a variety of arrangements among
physicians are emerging for the provision of hospital care.
Whether hospital care is provided under the traditional ap-
proach (stage I), a non-hospitalist rounder system (stage II),
or a dedicated hospitalist model (stages III and IV), many of
the interface issues for the physician in the hospital are the
same. Accordingly, this chapter uses the term hospital physi-
cian regardless of model for hospital care and the term re-
ferring physician to denote the physician who refers the pa-
tient to be cared for by the hospital physician. The referring

physician may be a primary care physician or a subspecial-
ist. The hospital physician may be a hospitalist or a tradi-
tional physician with significant outpatient responsibilities.

CARE OF THE HOSPITALIZED PATIENT

Physician–Patient Interface

Admission to a hospital can mean that a patient and a
physician are meeting each other under stressful circum-
stances, often for the first time. Hospital physicians should
begin by introducing themselves and describing their role,
and they should use an empathic interview style to provide
both patient and family with a sense of comfort and confi-
dence. An approach to establishing rapport is summed up
by the mnemonic PEARLS, for partnership, empathy, apology,
respect, legitimation, and support (see Table 4.1) (2).

Referring physicians can help build a patient’s confi-
dence in a separate hospital physician by explaining the
reasons for the referral, letting the patient know that they
will be communicating with the hospital physician fre-
quently during the hospitalization, and explaining that
they will be the patient’s primary doctor after discharge.
One Baton Rouge physician captured the essence of the re-
ferring physician–hospital physician relationship by using
a local metaphor:

An analogous role [to that of the hospitalist] is performed
by Mississippi river pilots. River pilots board all ocean lin-
ers as they enter the deceptive and changing currents of the
Mississippi River. They guide the vessel safely to and from
port, returning the controls to the ship’s captain for the
homeward voyage. Their collaborative efforts yield naviga-
tional quality that neither could attain alone (3).

It is helpful to provide the patient with a written brochure
introducing the hospital physician and explaining when
the patient can expect to be seen, how the family can con-
tact the hospital physician, and how communication be-
tween physicians will occur.
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If meeting the patient for the first time, the hospital
physician carries the dual burden of building a relationship
with the patient and family and learning the pertinent
medical and psychosocial details. The latter task requires a
review of prior medical records. In many systems, outpa-
tient records are separate from hospital records, so the hos-
pital physician must request records from outpatient
providers and other hospitals. Because this record request
is a regular part of the hospital physician’s work, it is worth
developing a protocol such as the one shown in Figure 4.1
to streamline the process. The hospital physician can com-
plete the form and include it with the admitting orders. Ad-
ditionally, referring offices should develop similar proto-
cols to provide records to the hospital physician when a
patient is admitted. The referring office can send the entire
office chart (although transporting it between office and
hospital risks losing it), or it can furnish copies of recent
records, including (at a minimum) results of the last com-
prehensive history and physical examination plus medical
problem and medication lists.

With medical-surgical lengths of stay averaging less than
five days in many regions of the United States, part of the
admission process should include initial discharge plan-
ning. Early assessment by the physician, nurse, and case
manager should elicit the preadmission functional status
and social support structure. As the hospital course pro-
gresses, new information emerges that can influence the
discharge plan, and the patient’s need for other services,

such as physical and occupational therapy, is frequently re-
vealed. Patient and family satisfaction with the discharge
plan has been shown to depend on factors related both to
the discharge planning process and to the discharge desti-
nation (4).

Hospital discharge is a point at which important com-
munication issues arise for all physicians. The challenge of
organizing effective posthospital care is greater for a hospi-
talist because a different physician provides follow-up with
the patient. Detailed conversation between the hospital
physician and patient during the final hospital visit, ac-
companied by written instructions, is helpful (5). For a
hospitalist, a phone call to the patient between 24 hours
and two weeks after discharge is an excellent opportunity to
reinforce discharge instructions, review the results of tests
that may have been pending when the patient left the hos-
pital, answer the patient’s questions, and remind the pa-
tient of the importance of follow-up (6). Follow-up phone
calls by nurses, case managers, or clinical pharmacists may
also be effective (7). When appropriate, providing the pa-
tient and family with a copy of the discharge summary can
also serve to reinforce the findings of the hospital stay and
the follow-up plans. Finally, some hospitalist programs
have established a follow-up service, whereby the patient
may be seen once after hospital discharge by the hospital
physician before returning to the referring physician
(8). Chapter 5 contains further information on hospital
discharge.

TABLE 4.1
KEY STEPS TOWARD ESTABLISHING RAPPORT (PEARLS)

Element of the approach Settings and examples

Partnership

Empathy

Apology

Respect

Legitimation

Support

Adapted from Barnes PB. Rapport and the hospitalist. Am J Med 2001;111:31S–35S, with permission.

(With a chronically ill patient in the ER about to be admitted for unstable angina)
“We’re going to have some difficult decisions to make. I’ll need to work with you and your family to provide

the best care and the care most consistent with your values and beliefs.”
(With an elderly patient traveling alone through your town, admitted with pneumonia)
“You look sad. I can only imagine how hard it must be being ill here, without your family or your own doctor

to help you.”
(With an HMO patient angry about being admitted by the hospitalist, not his or her PCP)
“I’m very sorry that the system doesn’t allow your own doctor to care for you here, and that you and I don’t

have a close relationship. Still, I’d like to try to get to know you, and, after speaking with your doctor on
the phone, take as good care of you as I know she would.”

(With a patient readmitted for COPD, still smoking after many attempts to quit)
“You know, Mr. Jones, I know how hard it is to quit. But even though you’re still smoking, you never seem

to give up trying to quit.”
(With a patient suspicious of your motives in not consulting a specialist)
“Many people these days are unaware of the skills of internal medicine (family practice, etc.) and have come

to equate quality care with subspecialists like cardiologists. I can imagine you’d have some questions
about how qualified I am to care for this problem.”

(With a patient about to enroll in hospice)
“Hospice does not mean giving up. The hospice nurses and your family doctor will be with you in the coming

months, and if they have questions for me, or if you have questions for me, the hospital operator can page
me and I’ll call you back as soon as possible.”
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Hospital Physician–Referring Physician
Interface

Hospital physicians need to establish effective communi-
cation links with referring physicians, both to transmit in-
formation and to collaborate on inpatient care decisions.
They can use each other as telephone consultants in de-

ciding whether to admit or discharge, and they should
continually educate each other about the strengths and
limitations of care in their respective settings. In this re-
gard, there may be advantages to systems in which the
hospital physician maintains some outpatient contact
and the referring physician some contact with the inpa-
tient setting.

HOSPITAL MEDICINE SERVICE

Request for Records

Records needed:

          All records since 

          Medication list
          Most recent history and physical exam
          Discharge summaries : all since 

most recent
          Test reports of particular interest

Cardiac cath CBC ANA
Echocardiogram BUN/Creatinine B12
Chest x-ray Thyroid tests Folate
PT/PTT Ferritin
Other

Date

Date

Specify

Name Institution, office, or physician

Records requested from the following institution or office:

Authorization for release of medical information

I, _____________________________, authorize ______________________________________

to release to ABC Medical Center any and all of my medical information they possess.
This authorization includes the release of medical records and/or information concerning
drug abuse or drug related conditions and/or alcoholism and/or psychological and/or
psychiatric conditions and/or HIV or other communicable diseases. This will expire sixty
(60) days from the date below.

___________________________________                ___________________________________
               Date                   Signature of patient

___________________________________                ___________________________________
             Witness                   Other person legally authorized to give consent

Figure 4.1 A model record request form. A form such as this one can be completed by the
admitting physician and included with the admitting orders. It can then be faxed to the office or
institution from which records are sought. A section at the bottom documents the patient’s con-
sent to provide the records and avoids the need to complete and fax a separate consent form.
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Situations can arise in which neither physician should
make unilateral decisions about the care of a patient, some-
times including the decision to admit or discharge. For ex-
ample, if a hospital physician decides the patient can be
treated with an intravenous antibiotic as an outpatient, the
referring physician or another outpatient physician must
agree and be ready to assume this responsibility. The list of
illnesses once requiring hospitalization that can now be
managed in the outpatient setting grows each year, and the
hospital physician must involve the referring physician in
the decision to employ outpatient treatment.

As a gap between hospital and outpatient care emerges in
the United States, concerns have arisen regarding a poten-
tial loss of information at the hospital threshold (9). In an
Australian survey of 350 outpatient physicians, 84% were
not notified of their patients’ admission to the hospital;
87% were not notified of major changes in their patients’
condition, including death; and 75% were not notified of
patient discharge from the hospital (10). Preliminary results
from American hospitalists seem more favorable: more
than 90% state that they do communicate with referring
physicians at discharge (11).

The frequency and nature of contact between the hos-
pital physician and referring physician during the patient’s
hospital stay can vary a great deal. At a minimum, the
hosital physician should notify the referring physician
when any significant or unexpected changes in the pa-
tient’s condition develop and when decisions are made in
the hospital that will significantly affect subsequent out-
patient care (e.g., starting a complex therapy such as par-
enteral nutrition that will be continued on an outpatient
basis). Additional contact can be tailored to the interests
and desires of each physician. Some referring physicians
choose to make “continuity visits” to their hospital pa-
tients or to contact the patients by telephone. These im-
portant contacts, which the hospital physician should en-
courage, facilitate discussion about psychosocial and
ethical issues, assure patients of the referring physician’s
continued involvement, allow for the referring physician’s
endorsement of the hospitalist, and bridge the gap in clin-
ical information between hospital and non-hospital set-
tings (12).

At discharge, the hospital physician should give the re-
ferring physician a detailed discharge summary that incor-
porates the usual components of a summary in addition
to features commonly found in consultation reports. The
summary should include a specific section listing the tests
pending at discharge, follow-up studies needed (e.g., re-
peated chest roentgenogram to follow a lung lesion or co-
agulation studies to monitor warfarin therapy), a list of
medications, and instructions given to the patient. All dis-
charge summaries should have the same format regardless
of the physician who prepared them; this ensures that the
reader can quickly find pertinent information. Summaries
should be provided to the referring physician and other

caregivers in a timely manner to help with the transition
in care. Many institutions have a summary dictated and
transcribed on the day of discharge and faxed to the refer-
ring physician the same day. In addition, some referring
physicians prefer a phone call from the hospital physician
on the day of discharge (13). When patient care is being
transferred from hospitalist to primary physician, the
principles outlined in Table 4.2 (14) should be kept in
mind.

Hospital Physician–Emergency Department
Physician Interface

The role of the emergency department (ED) physician is to
institute a timely diagnostic and therapeutic plan for pa-
tients in the ED. In those who require hospital admission,
early involvement of the hospital physician can be an
advantage for all parties. Because of their increased or con-
tinuous presence in the hospital, hospitalists have the op-
portunity to become involved in the care of ED patients
earlier than primary care physicians can. Early contact with
the hospital physician to provide admission services may
improve patient flow through the ED, decrease costs, and
increase patient satisfaction.

Some patients can be admitted directly to the hospital
without involving the ED. Hospital physicians can help
facilitate direct admissions by encouraging referring physi-
cians to call them about patients who will require
admission rather than send patients to the ED for initial
evaluation. Of course, unstable patients should always be
seen in the ED first.

Clinical guidelines to coordinate the efforts of ED and
hospital physicians are proliferating. By defining each
physician’s role for a given condition, guidelines can mini-
mize gaps in care and duplication of effort. Creating suc-
cessful guidelines requires the participation of both ED and
hospital physicians on the clinical guideline authoring
team. Successful implementation of such guidelines can
lead to more rational divisions of labor, with the ED and
hospital physicians able to focus on their respective care
settings.

TABLE 4.2
SIX PILLARS OF THE HAND-OFF

1. Communicate, but do not irritate.
2. Consult the primary physician.
3. Timeliness is next to godliness.
4. Partner with the patient.
5. Make it clear that you are the patient’s advocate.
6. Pass the baton as graciously as you received it (or even better,

more graciously).

Reprinted from Goldman L, Pantilat SZ, Whitcomb WF. Passing the
clinical baton. Am J Med 2001;111:36S–39S, with permission.
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Hospital Physician–Intensive Care Unit
Physician (Intensivist) Interface

The role of the hospital physician in the ICU is highly vari-
able and depends on hospital size, setting, and organization
of care. Evidence suggests that ICUs in which dedicated in-
tensivists play a primary role in patient management out-
perform ICUs in which primary care physicians play such a
role (with no or optional intensivist consultation), with re-
gard to both outcomes and efficiency (15). As a result of car-
ing for many ICU patients, some hospitalists may be more
comfortable and competent in ICU procedures than pri-
mary physicians with the same training background. This
increased skill, along with greater availability during the
day, will allow some hospitalists to feel comfortable man-
aging patients both in and out of the ICU. Although hospi-
talists who are not intensivists will never replace physicians
trained in critical care, their presence may result in a de-
creased need for closed ICUs and their associated disconti-
nuity. Moreover, if the hospital physicians are more readily
available than the intensivists, they can provide preliminary
critical care services (e.g., airway management or fluid re-
suscitation) until the intensivists arrive to deliver compre-
hensive critical care services. Finally, the growing national
shortage of intensivists will require that other physicians,
usually hospitalists, fill the vacuum (16).

Because hospitalists and non-hospitalist intensivists are
readily available within the hospital, both are naturally
suited to provide leadership on hospital and medical staff
committees concerned with inpatient settings, such as
ethics committees, quality improvement committees, and
clinical guideline committees. Guidelines developed by
members of both disciplines can streamline care (e.g., an-
tibiotic selection) as patients move out of the ICU to a step-
down unit or an acute medical floor. Early transfer of
patients out of the ICU can be facilitated by a hospital
physician, whose presence and expertise may improve pa-
tient flow and bed availability in the ICU.

Hospital Physician–Observation Unit Interface

Observation units are present in many hospitals. They go
by a variety of names, including emergency department ob-
servation units, clinical decision units, rapid diagnostic and
treatment units, or others. These units, commonly located
within or near the emergency department (ED), are most
often used for ED patients who require diagnostic evalua-
tion or urgent treatment beyond the typical scope of ED
care but who do not clearly require hospital admission.
Common problems managed this way might be chest pain,
asthma, cellulitis, and dehydration. During the patient’s
time in the observation unit, a decision is made regarding
discharge or admission to an inpatient unit of the hospital.
Because of their availability, ED physicians most com-
monly serve as the patient’s attending physician during the

observation unit stay, but if the unit is in a location remote
from the ED, then hospitalists or other members of the
medical staff might serve as attending (17).

For the hospital physician, the presence of an observa-
tion unit is likely to significantly decrease the number of in-
patient admissions (18). It might also change the nature
and acuity of patients admitted after an observation unit
stay because they will have undergone more workup and
treatment than patients admitted directly from the ED.
Physicians in the observation unit and hospital physicians
need to work together closely to develop protocols regard-
ing observation unit versus direct hospital admissions from
the ED. Both physicians also need to work with hospital
administration to correctly designate patients as being on
“observation status,” per Medicare regulations. Both
groups should be comfortable with the time of day that pa-
tients are transferred from the observation unit to the inpa-
tient ward and care transferred to the hospital physician.
For example, if care is routinely transferred to the hospital
physician as the workday begins (e.g., 7 AM), the patient’s
observation unit attending physician might have left work
already, and the hospital physician might be busy dis-
charging patients. A protocol regarding transfer of care
should specify that the transfer occur at the optimal time of
day for all involved and provide for seamless transfer of the
patient’s clinical and social history.

Hospital–Skilled Nursing Facility Interface

The hospital–skilled nursing facility interface is a demand-
ing area for practitioners, both in maintaining high-quality
care and in preventing loss of pertinent clinical informa-
tion. Yet physician training in this area has been inade-
quate. A survey of 389 hospitalists revealed a perception of
inadequate residency training in “coordination of care be-
tween settings,” “prescribing the appropriate level of care,”
and “knowledge of therapeutic capabilities of nursing
homes” (19).

A growing body of literature suggests that hospital
physicians can be most effective when discharging patients,
including those who will go to a skilled nursing facility, by
working with a multidisciplinary team (20). A team ap-
proach allows assessment of functional status and evalua-
tion of home supports so that skilled nursing facility trans-
fer can be anticipated early in the hospital course. Upon
discharge, the chief concern is the appropriate transmission
of patient information across settings. Table 4.3 lists im-
portant documents to be sent with the patient at the time
of transfer to a skilled nursing facility.

The Hospital Team

The increasing acuity of hospitalized patients requires the
hospital physician to carefully orchestrate the delivery of
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care. This coordination process applies equally to interac-
tions with both consulting physicians and nonphysician
members of the hospital team.

A variety of collaborative initiatives is replacing the tra-
ditional fragmentation of hospital disciplines. Many insti-
tutions have implemented multidisciplinary patient
rounds, integrated medical record documentation, and clin-
ical guidelines involving the entire hospital team. Propo-
nents of such collaborative systems point to the reduced
duplication of effort and gaps in care as primary benefits.
Lessons from multidisciplinary approaches in ICUs support
the hypothesis that this approach improves outcomes (21).

Nursing

The nurse–physician interface is, in many ways, the central
relationship affecting the day-in, day-out care of inpatients.
The continuous presence of the nurse on the floor provides
a comprehensive perspective of the patient’s condition, in-
cluding medical, emotional, and psychosocial concerns.
Trust in the hospital team is highly dependent on the physi-
cian, who is viewed as its leader, but its foundation is often
the patient–nurse relationship because of the close contact
between them. Because the physician’s time with the patient
is limited, the flow of information between nurse and physi-
cian must be optimized. Additionally, the physician serves
as a vital resource for the nurse in clarifying the care plan and
providing important social information about the patient.

This interdependence creates the need for a close work-
ing relationship between nurse and physician. The old ap-
proach of having the head nurse make rounds with the
physician was extremely effective in promoting care that
was coordinated and informed and that engendered the
trust of the patient, who witnessed and often participated
in the exchange of information between the two caregivers.
Although this model has been largely abandoned because
of the limited availability of both physicians and nurses,
the inefficiency of fragmenting care has become apparent,
and the idea of coordinated bedside rounds is now regain-
ing favor in some institutions.

The nurse provides the general coordination of patient
care from hour to hour, often conveying information from
other members of the hospital team to the physician, in-
cluding consultant recommendations, therapist evalua-
tions, and laboratory or radiographic data. Finally, because
of ongoing availability to the patient, the nurse serves as a
primary liaison with family members.

Case Management

The hospital physician–case management interface revolves
around placing the patient into the appropriate care setting
at the appropriate time. The case manager plays a central
role in discharge planning. As such, the case manager is usu-
ally the first nonphysician to speak with the patient and
family about the discharge process, including location (e.g.,
skilled nursing facility or home), follow-up, and special ser-
vices needed. Effective models of hospital case management
involve regular meetings between the physician and case
manager beginning soon after admission to allow for the
exchange of important social and medical information, in-
cluding patient and family needs. These interactions facili-
tate early involvement of the other members of the hospital
team. For example, if a patient with a newly diagnosed
stroke has a good family support structure, the patient may
be able to go home once physical and occupational therapy,
home health care, and transportation services have been
arranged.

At or soon after hospital admission, the case manager
must often supply payers or the hospital with information
regarding the appropriateness of the decision to admit.
Case managers obtain this information through physician
documentation in the medical record or verbal communi-
cation with the physician. In addition, the case manager
performs a utilization review function or works closely
with the utilization review nurse. In either case, regular de-
terminations of the suitability of a given care setting are
made. If the case manager determines that a patient should
be moved to a less acute setting, the physician is notified.

Social Services

The work of the social services department complements
that of the case manager in many ways. The social worker
uses information from the physician to access community
resources appropriate for a given patient’s needs. Through
collaboration, the physician becomes aware of the possi-
bilities for community support for the patient, and the so-
cial worker learns of specific medical issues that need to be
addressed. Resources that may then be used include medi-
cal or psychiatric care, home services, child or adult day
care services, post-acute care, support groups, substance
abuse programs, public assistance, and protective services.

With the rise of case management as a discipline, social
workers in many hospitals are focusing on bedside rela-
tions with the patient, fulfilling a critical mental health

TABLE 4.3
INFORMATION TO BE SENT TO SKILLED
NURSING FACILITY AT TIME OF HOSPITAL
DISCHARGE

• Concise yet detailed discharge summary
• Medication and allergy list
• Pertinent doctor, nurse, and therapist progress notes and care

plans
• Consultant notes including history and physical exam
• Key diagnostic and lab tests
• Advance directive, including do-not-resuscitate forms
• Fact sheet and demographic information
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role. The social worker can provide crisis intervention and
counseling to patients and their families during an acute ill-
ness. Through an understanding of psychosocial issues, the
social worker can assist the physician in dealing effectively
with patient–family dynamics.

Pastoral Care

As the emphasis on patient satisfaction grows, the need to
understand patients’ spiritual and emotional needs has be-
come more apparent. Frequently, the physician is privy to
the most telling cues regarding a patient’s emotional state.
Body language or verbal communication from the patient
can alert the physician that a patient is angry, scared, indif-
ferent, or resentful. The role of the pastoral care worker is to
assist the patient in exploring personal faith and in manag-
ing the gamut of emotions experienced during an acute
hospital illness. The physician can most effectively utilize
the skills of pastoral care providers by involving them early
in the hospital course rather than calling on them only
when a patient’s demise is imminent.

The physician and pastoral care provider can meet with
families to help align disparate views regarding an appro-
priate course of action in the event the patient has lost de-
cision-making capabilities. In contemplating withdrawal of
life support, for example, loved ones must integrate medi-
cal with emotional and spiritual information in making a
decision. Physician–pastoral care collaboration can most
effectively support this process (see Chapter 19).

Pastoral care can also serve the important role of sup-
porting the caregiver. For example, if a patient dies, an
event many physicians perceive as professional failure, the
pastoral care provider can help explore such feelings and
bring them to resolution (22).

Therapy Departments

Departments of physical, occupational, and speech therapy
interact with the hospital physician in several important
ways. By performing functional assessments, they provide
information that is used to determine appropriate acute
treatment, timing of patient discharge, and selection of care
setting. These departments guide patient recovery through
exercise, education, and other measures. The therapist can
often detect patient deficits and notify the physician, which
allows for timely evaluation and further treatment.

Pharmacists

The role of clinical pharmacists is described in Chapter 21.

CONCLUSIONS

Hospital physicians must establish roles and systems that
ensure a good flow of clinical and psychosocial information

among all members of the health care team. An examina-
tion of the many hospital interfaces sheds light on potential
problems and opportunities for improved communication
and collaboration. Innovations in computerized real-time
and online medical record technologies can assist these ef-
forts, but they will never supplant effective personal inter-
actions among multidisciplinary providers.

KEY POINTS

■ The increasing complexity of hospital systems requires
careful attention to the management of physician and
nonphysician interfaces.

■ Communication between the hospital and non-hospital
physician depends on the use of existing technologies
(telephone, fax, electronic mail) and the development of
new ones (e.g., electronic medical record). Protocols for
exchanging records between these providers can
strengthen this interface.

■ Physician leadership of multidisciplinary hospital care
teams, including nurses, case managers, social workers,
pastoral care providers, pharmacists, therapists, and oth-
ers, is critical to inpatient care.

■ Improving hospitalists’ interaction with patients after
discharge is likely to improve both quality and patient
satisfaction.
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Hospital Discharge
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5

INTRODUCTION

The timing of and events surrounding hospital discharge
can have a significant impact on patient satisfaction,
patient safety, and the outcomes and cost of care. A grow-
ing body of research on optimizing discharge strategies
and improving communication at discharge can inform
the discharge decision. Several strategies, including
structured patient education, predischarge checklists,
multidisciplinary discharge planning teams, postdischarge
telephone follow-up, and improving communication
methods between inpatient and outpatient providers
during discharge, have been shown to enhance the
discharge process.

With the average day in an American hospital costing
from $1,600 to $2,200, there is no doubt that unnecessary
hospital days drain health care resources (1,2). However, the
motive for timely discharge is not limited to cost considera-
tions. For many patients, the simple unpleasantness of the
average hospital room, the lack of privacy, and the human
desire to sleep in one’s own bed are motivation enough. In
addition, patients and families have become aware that the
risks of medical errors and nosocomial infections (3) make
the hospital a potentially dangerous place.

Of course, discharging patients from the hospital as
quickly as possible has its own risks. The subsequent
period—from hospital discharge to full recovery—is often
traumatic and confusing for both patients and families.
After discharge, many patients still feel unwell and yet are
expected to follow complex medication regimens and re-
turn for follow-up visits and tests. The growth of the hospi-
talist model means that the inpatient and outpatient
providers are often different individuals, which may lead to
miscommunication between providers and add to the
patient’s anxiety over the transition out of the hospital.
Finally, for many patients, the costs of hospital care are
fully borne by third-party payers, while the costs of skilled

nursing or home care must be covered partially or
completely with personal resources.

In the past, a physician’s decision to discharge a patient
was often governed by intuition and experience. In the past
decade, high-quality studies have come to provide a scien-
tific basis for many discharge decisions. This chapter illus-
trates principles of research on the timing and process of
hospital discharge, focusing on optimizing the hospital
discharge process in four general areas: (1) implementing
disease-specific strategies in the form of guidelines or
educational initiatives; (2) improving patient safety; (3)
enhancing communication and follow-up; and (4) facili-
tating discharge planning.

EVIDENCE-BASED, DISEASE-SPECIFIC
APPROACHES TO DISCHARGE

Community-acquired pneumonia (CAP) probably has the
best-elucidated discharge criteria and processes of all the
disorders that physicians treat in the hospital (see Chapter
65 for further information on management of CAP).
Several studies have tested whether the use of practice
guidelines or decision support improves the efficiency and
quality of care for patients with CAP (4–6). Most studies
show that practice guidelines promoting early identifica-
tion of low-risk patients and evidence-based choice of
antibiotics can lead to earlier discharge with maintained
patient outcomes and satisfaction.

Hospitalized patients with CAP can be discharged when
they are clinically stable, and the time required to reach
clinical stability is more rapid than previously appreciated.
Among patients with vital sign abnormalities on presenta-
tion, the median time to stabilization of the heart rate 
(�100 bpm) and systolic blood pressure (�90 mm Hg) is
two days (7). The average patient achieves a stable respira-
tory rate (�24 breaths/min), oxygen saturation (�92%),
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and temperature (�99° F (37.2° C)) on hospital day three.
The time to overall clinical stability, defined as stable vital
signs, baseline mental status, and ability to eat, varies
depending on the pneumonia severity on presentation: it
averages three days for low-risk patients (Pneumonia
Severity Index risk class I through III), four days for moder-
ate-risk patients (risk class IV), and six days for high-risk
patients (risk class V) (8).

Such explicit criteria defining when a patient is
medically stable for discharge may standardize the physi-
cian’s approach to patients with common medical
problems. Evidence-based guidelines and algorithms that
help guide the discharge decision are also available for
upper gastrointestinal bleeding (9), congestive heart failure
(10), asthma (11), and stroke (12). (See also Chapters 78,
39, 56, and 116.)

While such disease-specific discharge criteria and cost
effectiveness analyses may help guide lengths of stay, other
clinically important factors must be considered. For exam-
ple, hospitalization beyond three days for patients with
uncomplicated myocardial infarction is not cost effective
(13). However, when implementing any early discharge
guidelines, it is important to measure quality, patient
satisfaction, and long-term follow-up to ensure that short-
term benefits (in decreased costs caused by shorter lengths
of stay) are not associated with detrimental long-term
outcomes. In the coming years, clinicians can expect to see
more information, much of it computerized, available at
the point of care and tailored to their patients’ clinical
presentation. This information will help inform the
discharge process for an array of hospital diagnoses.

PATIENT SAFETY

Hospital discharge is often a chaotic and potentially
dangerous time for both patients and providers, ripe with
opportunities to improve both patient outcomes and
satisfaction. Functional limitations may persist and make
patients especially vulnerable to injuries with the increased
activity of the peridischarge period. Particularly in hospi-
talist systems, the transition from inpatient to outpatient
care may become fraught with miscommunication and
inadequate follow-up.

Many of the adverse events that occur frequently during
the post-hospital period are preventable or ameliorable
(14). The most common events are adverse drug events, but
harm may also come from unaddressed laboratory abnor-
malities. Changes in system design can improve patient
safety during the peridischarge period and should focus on
four areas: (1) evaluating patients at the time of discharge;
(2) educating patients about drug therapies, side effects,
and actions to take if specific problems occur; (3) strength-
ening monitoring of therapies; and (4) improving
monitoring of patients’ overall condition.

STRATEGIES FOR EFFECTIVE
DISCHARGE

To optimize the effectiveness of the hospital discharge,
communication at discharge and follow-up must be
enhanced. Communication gaps are common at the time
of hospital discharge, yet physicians and nurses tend to
overestimate patients’ comprehension of discharge treat-
ment plans. In one study, physicians believed that 89% of
patients understood the potential side effects of their
medications, but only 57% of patients confirmed that they
understood (15). A similar gap occurred regarding patients’
understanding of when to resume normal activities (16).

Although communication is a core skill for physicians,
many patients have difficulty understanding what physi-
cians tell them. This is particularly a problem for patients
who have inadequate health literacy. Health literacy has
been defined as the ability to read and comprehend
prescription bottles, appointment slips, and written dis-
charge instructions (17). Several strategies, including
structured patient education, postdischarge telephone
follow-up, communication improvement between inpa-
tient and outpatient providers, and multidisciplinary
discharge planning teams, have been shown to improve
communication at the time of discharge and may yield
more satisfied patients (see Table 5.1).

TABLE 5.1
POTENTIALLY EFFECTIVE DISCHARGE
STRATEGIES

Strategy Comments

Intensive postdischarge • Contacting patients after discharge
care • Improving access

• Following up on missed visits (41)
Telephone follow-up • Substituting for routine clinic follow-

up (42)
• Using pharmacists/focusing on 

medication compliance (23)
Patient education and • See Table 5.2

communication
Predischarge checklist • List of requirements for equipment,

services, benefits, and follow-up 
(43)

Multidisciplinary • Multidisciplinary task force, 
discharge planning/ comprising planner, social worker, 
discharge coordinator nurse, dietician, chaplain, therapist, 

and utilization review nurse; 
discusses patients (44)

Home visits • Collaborative discharge planning and
home follow-up (including telephone
and home visits by advanced
practice nurses for four weeks after 
discharge) provided to elders hos-
pitalized with common medical and 
surgical cardiac conditions (45)
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Structured Patient Education

Hospital discharge is a critical transition zone, from a time
when all care is delivered by hospital staff to one in which
the patient, and possibly family, are entirely responsible.
Making this transition safely depends on high-quality,
structured patient education. Too often, however, such
education is neglected, in part because unrecognized
barriers interfere. Hospital physicians need to appreciate
patients’ capability to assimilate discharge instructions.
Although providers usually assume patients comprehend
their written and oral explanations of illness, several
studies have shown that health literacy is often worse than
providers think (18). Many health materials, including
patient education brochures, discharge instruction sheets,
and informed consent documents, are written at levels far
exceeding patients’ reading abilities. More than one third of
patients age 65 and older have inadequate or marginal
health literacy (19).

The terminology or language health care providers use
in communicating with patients is a significant barrier for
patients who have inadequate health literacy. Physicians’
facile overuse of medical terms, combined with patients’
limited health vocabulary, results in inadequate and even
confusing communication. Unfortunately, patients with
low health literacy tend to ask fewer questions, even
though they may feel overwhelmed with information and
lack understanding.

Checking to ensure that the patient’s history is accurate
and that the patient understands the physician’s instruc-
tions are the most important interviewing skills. Unfortu-
nately, they are also the least utilized. In one study of
audiotaped encounters, primary care physicians assessed
patients’ understanding only 2% of the time (20). Written
materials can be used to augment patient education, but
video and computer multimedia programs are even more
powerful interventions. Pictographs (simple pictures that
represent ideas) markedly enhance recall of spoken medical
instructions among all patients. Using pictographs as visual
aids (e.g., simply drawing a picture related to what you want
the patient to remember) can more than quadruple patients’
ability to recall important medical information (21).

Based on published research and the authors’ experience
in caring for patients, the following six simple steps for
structuring patient education are recommended (see Table
5.2) (17). First, slow down and take time to assess patients’
health literacy skills. Second, use “living room” language
that patients can understand, taking care either to avoid
medical terminology or to explain medical terms when
they must be used. Third, show or draw pictures to enhance
understanding and subsequent recall. Fourth, limit the
quantity of information given to patients at each interac-
tion, and repeat instructions several times. Enrolling family
members in the process may allow more information to be
disseminated and retained. Fifth, use a “teach back” or
“show me” approach to confirm comprehension. Ask
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patients to demonstrate their instructions (i.e., teach back
to you how to take their medications or when they should
follow up) to ensure that you have done an adequate job of
instruction. Never ask, “Do you understand?” because
patients will typically acquiesce and say, “Yes.” Last, be
respectful, caring, and sensitive to the plight of patients
who have low health literacy. This six-step approach will
enhance patient satisfaction and empower patients to
optimize their participation in their health care.

Postdischarge Telephone Follow-Up

Telephone follow-up with discharged patients has been pro-
posed as one way to mitigate discharge communication prob-
lems (see Table 5.3). Although this approach is intuitively ap-
pealing, surprisingly few studies have been conducted of
telephone follow-up at the time of hospital discharge. Tele-
phone follow-up after emergency department visits has im-
proved patient satisfaction and compliance with follow-up
instructions and appointments (22). In one small study, a
postdischarge follow-up call by a pharmacist involved in the
care of hospitalized patients led to enhanced patient satisfac-
tion, fewer returns to the emergency department, and fre-
quent resolution of medication-related issues (23). Postdis-
charge telephone follow-up may also improve adherence,
inform the hospital physician about the results of treatment
or of adverse outcomes, and enable hospitalists to receive
feedback from the patient and family (24).

Improving Communication Between Inpatient
and Outpatient Providers

Appropriate transfer of information at the time of hospital
discharge reduces rates of readmission, medication errors,
and medical costs (25). Discharge summaries or letters and
telephone interchange are the key tools to optimize
communication during these hand-offs and to reinforce
continuity of care.

TABLE 5.2
SIX STEPS TO ENHANCE UNDERSTANDING
AMONG PATIENTS WITH LOW HEALTH
LITERACY

• Slow down and take time to assess patients’ health literacy skills.
• Use “living room” language instead of medical terminology.
• Show or draw pictures to enhance understanding and subsequent

recall.
• Limit information given at each interaction, and repeat

instructions.
• Use a “teach back” or “show me” approach to confirm under-

standing.
• Be respectful, caring, and sensitive, thereby empowering patients

to participate in their own health care.
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Despite its documented deficiencies, including delays
and inadequacies in information transfer, the discharge
summary or discharge letter remains the main means of
communication between inpatient physicians and primary
care providers. Physicians rate discharge summaries highly
if they are timely, concise, and contain focused discharge
information. This information includes admission diagno-
sis, relevant physical examination findings, laboratory
results, procedures, hospital complications, discharge
diagnoses, discharge medications, active medical prob-
lems, and follow-up (26). Using computerized discharge
summaries promotes timeliness, increased PCP satisfac-
tion, cost effectiveness, efficiency, reduced error rate, and
easier clinical auditing (27). Discharge information cards
and associated discharge letters are favorably received by
patients and providers, and they better inform patients
about their illness and treatment than traditional discharge
processes (28).

Interphysician communication by phone can contribute
substantially to continuity and quality of patient care

during the discharge process. In a survey of family physi-
cians, primary care physicians overwhelmingly stated their
preference to communicate with hospitalists by telephone
(77%), particularly at admission and discharge (29). Not
surprisingly, primary care physicians who are personally
contacted are more likely to make hospital visits and help
provide continuity, particularly by clarifying history, diag-
nosis, psychosocial, and cultural factors (30).

Facilitating Discharge Planning

The cumulative impact of communication gaps and other
coordination problems leaves patients less satisfied with
hospital discharge planning than with any other aspect of
hospital care (31). Discharge planning is defined as the de-
velopment of an individualized discharge plan for a patient
in anticipation of leaving the hospital for home or other
postdischarge facility. The old adage that discharge plan-
ning starts upon admission seems more important today
than ever.

TABLE 5.3
STRATEGIES TO IMPROVE COMMUNICATION BETWEEN THE INPATIENT AND OUTPATIENT
PHYSICIANS AT DISCHARGE

Intervention Pros (positive outcomes) Cons

Telephone follow-up with patients (24) • Time
• May interfere with role of PCP
• Not reimbursed

Telephone communication between • Time
providers (29) • Not reimbursed

Optimization of conventional discharge
summaries (26)

Discharge information cards/letters (28)

Electronic discharge summary (27) • Higher systems costs

Patient-delivered discharge summary (28) • Some patients may have difficulty
traveling to hand-deliver their 
summaries

• Improves adherence
• Informs the inpatient physician about the results

of treatment or of adverse outcomes
• Permits hospitalists to receive feedback from the

patient and family

• Provides continuity
• Clarifies history or diagnosis
• Provides information about chronic problem

management
• Clarifies psychosocial and cultural factors (30)

• Enhances PCP satisfaction and continuity of care
through timely and concise documents

• Facilitates follow-up care, especially when fo-
cused on relevant discharge-related information

• Draws favorable response from PCPs and pa-
tients

• Better informs patients about their illnesses and
treatments

• Enables timeliness, increased PCP satisfaction,
cost effectiveness, efficiency, and clinical auditing

• Reduces error rates
• Increases efficiency, supports continuity of care

• Compels inpatient physicians to complete sum-
maries early, while information is fresh

• Keeps PCPs up to date with discharge details
• Saves money on postage costs
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Although the concept of advance discharge planning is
intuitively attractive, the literature reveals mixed results,
possibly reflecting the variable study populations and
different means of implementing site-specific interven-
tions. A Cochrane review did not demonstrate that
discharge planning was effective in reducing unplanned
hospital admissions (32). Yet some evidence suggests that
discharge planning may lead to decreased hospital length
of stay (33–36) and, in some cases, reduced readmission
rates (35,37). Further, discharge planning may improve
patient satisfaction (33). Notwithstanding the sparse
evidence, the authors believe all hospitalized patients
should receive individualized discharge plans in light of
the enhanced patient satisfaction and the increasing
complexity of treatment regimes.

Disease-specific management teams improve discharge
planning, especially among patients with diabetes. Multi-
disciplinary diabetes teams, typically comprising endocri-
nologists, nurse-educators, nutritionists, and social
workers, bridge the inpatient and outpatient environments,
enhance coordination of care, clarify goals of care for
patients and team members, provide more consistent
patient instructions, and promote involvement of patients
and families in their own care (38). Such teams can also
reduce hospital length of stay, improve glycemic control,
and decrease readmissions. Combining this team approach
with a nursing case management model and referral links
to podiatry and ophthalmology also reduces length of stay
and cost while improving glycemic control and readmis-
sion rates (39,40). The applicability of this model to other
chronic diseases is under study.

CONCLUSIONS

One of the most important changes in the paradigm of
modern medicine is the recognition that high-quality and
efficient practice depends as much on the system of care as
on the competence of the physicians. This principle is rarely
more applicable than at hospital discharge. Patients benefit
when discharge planning begins soon after admission,
when discharge decisions are informed by evidence, and
when patients are cared for in a system that promotes an ef-
fective discharge process. Such a system should be designed
to make errors less likely, encourage teamwork across disci-
plines, and facilitate communication across the inpatient-
outpatient divide. Improving the discharge process should
be an important goal of all health care workers and systems.

KEY POINTS

■ Adverse events occur frequently in the peridischarge
period, and many can be prevented or ameliorated with
simple strategies that improve communication and
follow-up at discharge.

■ Patient education about conditions, medications,
actions to take if symptoms develop, and follow-up care
is a critical component of the discharge process.

■ Improving communication between inpatient and
outpatient providers at the time of hospital discharge is
critical to optimizing patient care.
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Bayesian Reasoning 

and Diagnostic Testing
Warren S. Browner

6

the clinician will be almost certain that the patient does not
have appendicitis. If the clinical impression and the test re-
sult differ, or if the clinician was not sure before and the test
result is borderline, then the situation remains uncertain.

Clinicians seek the perfect test, or gold standard, such that
a negative test result rules out the diagnosis and a positive
result rules it in. Few tests are perfect, especially because hu-
man and machine fallibility mean that even gold stan-
dards, such as excisional biopsies, can be tarnished. For
nearly all tests, one must be satisfied that a negative result
reduces the likelihood of a disease (e.g., normal chest ra-
diographic findings in a case of possible pneumonia),
whereas a positive result increases the likelihood of the dis-
ease (e.g., a lobar infiltrate on the chest radiogram in a pa-
tient with suspected pneumonia).

Many clinicians use time as the gold standard, assuming
that all diseases will “declare themselves” given adequate
follow-up. Even if this were true, a more efficient diagnos-
tic strategy would involve selecting tests with results suffi-
ciently definitive to affect a patient’s management. Not
ordering an expensive diagnostic test to save money is
rarely an efficient strategy in a hospitalized patient.

A QUALITATIVE APPROACH TO TEST
INTERPRETATION

This basic idea can be refined further, as most tests have
more than two results. Thus, a highly negative result greatly
decreases the probability of a disease, whereas a highly pos-
itive result greatly increases the probability. Intermediate
results have intermediate effects (see Table 6.1).

INTRODUCTION

Making clinical decisions often involves using diagnostic
tests to determine whether a patient has a particular dis-
ease. Some of the best diagnostic tests—such as listening
for rales or asking patients whether they have chest pain
while walking uphill—are performed during the history
and physical examination. The same principles that apply
to the interpretation of these customary tests also apply to
the interpretation of more sophisticated tests, such as mea-
surement of the serum ceruloplasmin value or ultrasonog-
raphy to detect an abdominal aortic aneurysm.

Bayesian reasoning is a formal way of doing explicitly
what most clinicians do implicitly, that is, interpreting the
results of a diagnostic test in light of the clinical situation.
The basic paradigm is simple:

What was thought before the test was done & the test 

result → what is thought after the test result

The ampersand sign (&) indicates that this is not a simple
problem in addition. The mathematics, developed by an
18th-century amateur mathematician, Thomas Bayes, are
known as Bayes’ theorem.

For example, suppose a clinician believes that a particu-
lar disease (e.g., appendicitis in a young man with gas-
trointestinal symptoms, fever, and right lower quadrant
pain) is likely before ordering a diagnostic test. If the test re-
sult is positive (say, an abnormal result on an abdominal
computed tomogram), the clinician will be almost certain
that the patient has appendicitis (Chapter 87). On the
other hand, if the clinician thinks that appendicitis is un-
likely before ordering the test, and the test result is negative,
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A QUANTITATIVE APPROACH

To express the probability of a disease quantitatively, the
elements of the basic paradigm must be converted into
numbers:

(a) (b) (c)
What was thought what is thought

before & the test result→ after
the test was done

The concept of “what was thought before” (a) is the prior
probability of the disease. It estimates how likely it is that the
patient has the disease. The prior probability must be esti-
mated before the test result is known. Prior probabilities
vary from 0% to 100%. They replace vague terms such as
“very unlikely,” “probable,” and “almost certain.” Prior
probabilities are sometimes called pretest probabilities.

When setting prior probabilities, remember that the pa-
tient’s problem must have an explanation. Thus, the sum of
all of the prior probabilities for the diagnostic possibilities should
be 100%. It is not adequate to decide—in a patient with
dyspnea—that the probability of pneumonia is 1%, of pul-
monary embolism 1%, of asthma 2%, of congestive heart
failure 3%, and of other conditions even lower percentages.

“The test result” (b) is expressed as a likelihood ratio (LR).
A test does not have a single LR. Rather, each possible result
of the test has its own LR for the disease in question. The LR
for a test result is between zero and infinity (see Table 6.2).

The LRs have been determined for many common diag-

nostic tests and diseases. For coronary artery disease (CAD)
(defined as an obstruction of 75% or more in at least one
artery), typical angina (exertional substernal chest pressure
that is relieved by nitroglycerin or rest within minutes) has
an LR of 120! Even atypical angina (in which one of these
features is not present) has an LR of about 15 (2). On the
other hand, musculoskeletal chest pain (pain that can be
reproduced by pressing on the chest) has an LR of about 1.
(A more familiar, but less useful, approach expresses the
test result in terms of the sensitivity and specificity of a test;
this approach is discussed later.)

“What is thought after” (c) is called the posterior proba-
bility, an estimate of the likelihood that the patient has the
disease, made after the test result is known. Posterior prob-
abilities vary from 0% to 100%. They are sometimes called
posttest probabilities.

If the LR is greater than 1, then the posterior probability
is greater than the prior probability. If the LR equals 1, then
the posterior probability is the same as the prior probabil-
ity. And if the LR is less than 1, then the posterior proba-
bility is less than the prior probability.

More precisely, Table 6.3 can be used to combine the
prior probability with the LR for the test result to estimate
the posterior probability. For example, consider a 62-year-
old man with hypertension and diabetes who presents with
a one-month history of substernal chest pain when climb-
ing hills, relieved in minutes by rest. His serum cholesterol
level is 240 mg/dL. Assume that the prior probability of
CAD (based on sex, age, and risk factors) is about 20% to
40% (2). The diagnostic test in this case is the history; the
result of “typical angina” has an LR greater than 100 for
CAD. Use Table 6.3 and look across from the LR of 100; the
posterior probability of CAD is between 96% (looking
down from a prior probability of 20%) and 99% (looking
down from 40%). This example demonstrates that it is

TABLE 6.1
EFFECTS OF A TEST RESULT ON THE
PROBABILITY OF A DISEASE

Test results Example (1)

Very negative, greatly Ferritin � 300 mcg/L in the patient in
decreases the proba- whom iron deficiency anemia
bility of the disease is being considered

Slightly negative, Ferritin � 100 mcg/L and iron
slightly decreases the deficiency anemia
probability of the
disease

Borderline, does not Ferritin � 30 mcg/L and iron
affect the probability deficiency anemia
of the disease

Slightly positive, Ferritin � 20 mcg/L and iron 
slightly increases the deficiency anemia
probability of the
disease

Very positive, greatly Ferritin � 5 mcg/L and iron deficiency
increases the proba- anemia
bility of the disease

Adapted with permission from Guyatt GH, Oxman AD, Ali M, Willan A,
McIlroy W, Patterson C. Laboratory diagnosis of iron-deficiency
anemia: an overview. J Gen Intern Med 1992;7:145–153. (Published
erratum in J Gen Intern Med 1992;7:423.)

TABLE 6.2
EXAMPLES OF LIKELIHOOD RATIOS AND THEIR
EFFECTS ON THE PROBABILITY OF A DISEASE

Effect on probability of the
Likelihood ratio disease

Zero (0) Test result rules out the disease.
Very small (e.g., 0.01) Test result greatly decreases the

probability of the disease.
�1 (e.g., 0.5) Test result decreases the probability

of the disease.
One (1) Test result has no effect on the

probability of the disease.
�1 (e.g., 2) Test result increases the probability

of the disease.
Very big (e.g., 50) Test result greatly increases the

probability of the disease.
Infinite (�) Test result rules in the disease.
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often unnecessary to make a precise estimate of the prior
probability. Although there is a twofold difference between
20% and 40%, the posterior probabilities are similar.

On the other hand, suppose that the patient is a 23-year-
old woman with a two- to three-week history of left-sided
chest pain after swimming that sometimes lasts seconds and
sometimes an hour or two. Movement of her arms
exacerbates the symptoms. The prior probability of CAD
(based on sex and age) is, at most, 0.1%. Because her diag-
nostic test result (history consistent with musculoskeletal
chest pain) has an LR of 1.0 for CAD, her posttest probabil-
ity is not changed from her pretest value.

WHERE DO LIKELIHOOD RATIOS 
COME FROM?

The LRs are the ratio of two likelihoods of obtaining a par-
ticular test result:

LR for a Test Result � 

Likelihood of Test Result
in Patients with Disease

����
Likelihood of Test Result in

Patients without Disease

(The mnemonic is WOWO, for “with over without.”)
The LRs are determined by making a column of the num-
ber (and percentage) of patients with the disease who
have each possible result of a diagnostic test; a similar col-
umn is also made for patients without the disease. Table
6.4 shows such results for the exercise stress test (Chapter
36).

For example, the LR for ST segment depression of 2 mm
or more is determined as follows:

LR (�2 mm) �

� �
3
1
0
%
%
�

� 30

In the same way,

LR (1.5 � 1.9 mm) � �
2
5
0
%
%
� LR (1 � 1.4 mm) � �1

2
0
4

%
%
�

� 4 � 2.4

LR (trace) � �
1
2

6
4

%
%� � 0.67 LR (none) � �

1
6

0
0

%
%� � 0.17

Likelihood of �2 mm in CAD
����
Likelihood of �2 mm in no CAD

TABLE 6.3
CONVERTING PRIOR PROBABILITIES AND LIKELIHOOD RATIOS INTO POSTERIOR PROBABILITIESa

Prior probability
Likelihood
ratio 0.001 0.005 0.01 0.05 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 0.95 0.99

0.01 0.00001 0.00005 0.0001 0.0005 0.001 0.002 0.004 0.007 0.01 0.01 0.02 0.04 0.08 0.16 0.50
0.02 0.00002 0.0001 0.0002 0.001 0.002 0.005 0.008 0.013 0.02 0.03 0.04 0.07 0.15 0.28 0.66
0.05 0.00005 0.0003 0.0005 0.003 0.006 0.012 0.02 0.03 0.05 0.07 0.10 0.17 0.31 0.49 0.83
0.1 0.0001 0.0005 0.001 0.005 0.01 0.02 0.04 0.06 0.09 0.13 0.19 0.29 0.47 0.66 0.91
0.2 0.0002 0.0010 0.002 0.01 0.02 0.05 0.08 0.12 0.17 0.23 0.32 0.44 0.64 0.79 0.95
0.3 0.0003 0.0015 0.003 0.02 0.03 0.07 0.11 0.17 0.23 0.31 0.41 0.55 0.73 0.85 0.97
0.4 0.0004 0.0020 0.004 0.02 0.04 0.09 0.15 0.21 0.29 0.38 0.48 0.62 0.78 0.88 0.98
0.5 0.0005 0.0025 0.005 0.03 0.05 0.11 0.18 0.25 0.33 0.43 0.54 0.67 0.82 0.90 0.98
0.6 0.0006 0.0030 0.006 0.03 0.06 0.13 0.20 0.29 0.38 0.47 0.58 0.71 0.84 0.92 0.98
0.8 0.0008 0.0040 0.008 0.04 0.08 0.17 0.26 0.35 0.44 0.55 0.65 0.76 0.88 0.94 0.99
1.0 0.0010 0.0050 0.010 0.05 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 0.95 0.99
1.2 0.0012 0.0060 0.012 0.06 0.12 0.23 0.34 0.44 0.55 0.64 0.74 0.83 0.92 0.96 0.99
1.5 0.0015 0.0075 0.01 0.07 0.14 0.27 0.39 0.50 0.60 0.69 0.78 0.86 0.93 0.97 0.99
2.0 0.0020 0.010 0.02 0.10 0.18 0.33 0.46 0.57 0.67 0.75 0.82 0.89 0.95 0.97 0.99
2.5 0.0025 0.012 0.02 0.12 0.22 0.38 0.52 0.63 0.71 0.79 0.85 0.91 0.96 0.98 0.996
3.0 0.003 0.015 0.03 0.14 0.25 0.43 0.56 0.67 0.75 0.82 0.88 0.92 0.96 0.98 0.997
5 0.005 0.02 0.05 0.21 0.36 0.56 0.68 0.77 0.83 0.88 0.92 0.95 0.98 0.99 0.998
10 0.010 0.05 0.09 0.34 0.53 0.71 0.81 0.87 0.91 0.94 0.96 0.98 0.99 0.99 0.999
20 0.020 0.09 0.17 0.51 0.69 0.83 0.90 0.93 0.95 0.97 0.98 0.99 0.99 0.997 0.999
50 0.048 0.20 0.34 0.72 0.85 0.93 0.96 0.97 0.98 0.99 0.992 0.995 0.998 0.999 0.9998
100 0.091 0.33 0.50 0.84 0.92 0.96 0.98 0.99 0.99 0.993 0.996 0.998 0.999 0.999 0.9999

aThis table is based on a three-stage process that combines prior probabilities and likelihood ratios to yield posterior probabilities. The mathematics
involve converting the prior probability to a prior odds [� Prior Probability ÷ (1 – Prior Probability)], then multiplying the prior odds by the likelihood
ratio to obtain the posterior odds, and then converting those posterior odds back to a posterior probability [� Posterior Odds ÷ (1 � Posterior
Odds)].
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USING LIKELIHOOD RATIOS 
IN SEQUENCE

One attribute of LRs is that they can be used in sequence as
long as the test results are independent.1 That is, one can
keep modifying the posterior probability based on a series
of results.

Prior & LR Test Result No. 1 →
Posterior & LR Test Result No. 2 →

New Posterior & LR Test Result No. 3 → etc.

For example, consider a 35-year-old man who presents
with a chief complaint of dyspnea and pleuritic chest
pain. He reports a “vein problem in my legs that was
treated with a blood thinner for a few months last year.”
A chest radiograph shows a patchy infiltrate in the left
upper lung field. A room air arterial blood gas specimen
has a PO2 of 92 mm Hg, with a PCO2 of 38 mm Hg, for
an alveolar-to-arterial (A-a) gradient of [147 � (1.25 	

38) � 92] � 7 mm Hg.
You assess the prior probability of pulmonary embolism

as the cause of dyspnea in a population of 35-year-old men
as about 5%. How helpful are the patient’s history and ex-
amination and laboratory findings? About 25% of patients
with pulmonary embolism have a history of venous throm-

boembolic disease (3), which occurs in about 0.8% of
healthy middle-aged men (4), for a likelihood ratio of 25%
divided by 0.8%, or about 30. Pleuritic chest pain and
abnormal chest radiographic findings are not particularly
more common in pulmonary embolism than in other
disorders confused with it, so their LRs are about 1 (5). An
A-a gradient of 7 mm Hg has an LR of about 0.1 for
pulmonary embolism (3).

If you assume that all these test results are independent,
then their combined LR is simply the product of the indi-
vidual LRs, or 30 	 1 	 1 	 0.1 � 3. Thus, if the prior prob-
ability that this patient has a pulmonary embolism was
about 5%, then the posterior probability is about 15%,
according to Table 6.3. This value is in the range that re-
quires an additional diagnostic test, such as a spiral CT scan
(6) or a ventilation–perfusion scan (7), before the appro-
priate treatment can be determined (Chapter 53).

SENSITIVITY AND SPECIFICITY

Sensitivity and specificity are alternate ways to describe the
characteristics of a test. The sensitivity of a diagnostic test
indicates the proportion of persons with a disease who
have a positive test result. The specificity of a diagnostic test
indicates the proportion of persons without a disease who
have a negative test result. Returning to the example of the
exercise stress test in a patient with chest pain, with a
cut-off point of 2 mm or more of ST depression (see Table
6.5), the test would have a sensitivity of only 30% (15/50)
but a specificity of 99% (198/200). To improve the sensi-
tivity, one could change the cut-off for a positive test result
to 1 mm or more (see Table 6.6). This would improve the
sensitivity, but the specificity would decline. The sensitivity
and specificity are combined with the prior probability of a
disease to estimate the posterior probability. If the test re-

TABLE 6.5
CALCULATING SENSITIVITY AND SPECIFICITY
FOR ST SEGMENT DEPRESSION OF 2 MM OR
MORE DURING EXERCISE STRESS TESTING
(BASED ON TABLE 6.4)

Coronary No coronary
artery disease artery disease
(N � 50) (N � 200)

ST Segment
Depression N % N %

�2 mm 15 30 2 1
�2 mm 35 70 198 99

Sensitivity (positive in disease) � 15 / 50 � 30%.
Specificity (negative in health) � 198 / 200 � 99%.

TABLE 6.4
CALCULATING LIKELIHOOD RATIOS FOR ST
SEGMENT DEPRESSION DURING EXERCISE
STRESS TESTINGa

Coronary No coronary
artery disease artery disease
(N � 50) (N � 200)

ST Segment
Depression N % N %

�2 mm 15 30 2 1
1.5–1.9 mm 10 20 10 5
1–1.4 mm 12 24 20 10
Trace 8 16 48 24

(�1 mm)
None 5 10 120 60
Total 50 100 200 100

aSimplified for ease of calculation.

1 Mathematically, independence of test results means that the results
of one test convey no meaningful information about the results of an-
other test. Independence may best be understood conversely; totally
dependent results convey the same information—for example, mea-
suring someone’s temperature with two thermometers, one centigrade
and one Fahrenheit, or filling two blood culture vials with blood from
the same syringe and needle.
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sult is positive, then the posterior probability of the disease
is determined as follows:

Posterior Probability (positive result)

�

The posterior probability of a disease, given a positive
test result, is sometimes called the predictive value positive, as
it indicates how often someone with a positive test result
has the disease.

On the other hand, if the test result is negative, then the
posterior probability that the patient has the disease is de-
termined as follows:

Posterior Probability (negative result)

�

The posterior probability of a disease, given a negative
test result, measures how often a patient with a negative test
has the disease. Subtracting it from 1 yields the predictive
value negative, which indicates the likelihood that a patient
with a negative test does not have the disease.

Unfortunately, predictive values, positive and negative,
depend on the prior probability of the disease. They are
therefore most helpful when the prior probability of the
disease is constant, as in the evaluation of tests that are used
routinely, such as screening tests.

Sensitivity and specificity are less useful than LRs. They re-
quire that test results be either positive or negative,
whereas LRs can be used for all sorts of test results. In ad-
dition, sensitivity and specificity are not independent
terms; you cannot interpret one without knowing the
other. By changing the threshold for a positive test result,
one can arbitrarily increase the sensitivity of a test and at

Prior Probability 	 (1 � Sensitivity)
[Prior Probability 	 (1 � Sensitivity)]

� [(1 � Prior Probability) 	 Specificity]

Prior Probability 	 Sensitivity
������

the same time reduce its specificity (or vice versa). Finally,
the sensitivity and specificity of a diagnostic test may look
fine if borderline results are left out, but in actuality, the
test may have so many borderline results that it is not of
much help.

For a test with only two possible outcomes (positive or
negative), a straightforward method can convert sensitivity
and specificity to LRs. The LR for a positive test result is de-
termined as follows:

LR (positive result) � 
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Most tests with a very high specificity will also have a large
positive LR because the denominator will be very small. For
example, with a sensitivity of 70% and a specificity of 95%,
the LR for a positive test result is 14 (70% / 5%).

The LR for a negative test result is determined as follows:

LR (negative result) �
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�

Most tests with a very high sensitivity will also have a small
negative LR because the numerator will be very small. For
example, with a sensitivity of 98% and a specificity of 70%,
the LR for a positive result would be 0.03 (0.02 / 0.70).

LRs, or sensitivity and specificity, are sometimes referred
to as the operating characteristics of a test, as in the phrase
receiver–operating characteristic (ROC) curve. An ROC curve
is a pictorial way of representing the changes in sensitivity
and specificity of a diagnostic test as the threshold for call-
ing a result “positive” is altered (8).

QUALITY OF THE LABORATORY

When evaluating the results of diagnostic tests, the clinician
must also be familiar with the local characteristics of the di-
agnostic laboratory. Along with the obvious concerns
about diagnostic colleagues who “overinterpret” or “under-
interpret” abnormalities on subjective tests such as radio-
graphs and nuclear medicine scans, clinicians should be
aware that they themselves are the most important labora-
tory. Clincians must account for the precision and accuracy
of the diagnostic tests that they perform during the history
and physical examination. (Precision refers to the repro-
ducibility of a result; accuracy refers to whether the result ac-
tually measures the phenomenon of interest.) Taking a few
extra minutes to verify an important historical detail or
to reposition a patient for a better examination of the

Likelihood of a Negative Result
in Someone with the Disease

Likelihood of Negative Result in
Someone without the Disease

Likelihood of a Positive Result
in Someone with the Disease

Likelihood of Positive Result in
Someone without the Disease

TABLE 6.6
CALCULATING LIKELIHOOD RATIOS FOR ST
SEGMENT DEPRESSION OF 1 MM OR MORE
DURING EXERCISE STRESS TESTING (BASED ON
TABLE 6.4)

Coronary No coronary
artery disease artery disease
(N � 50) (N � 200)

ST Segment
Depression N % N %

�1 mm 37 74 32 16
�1 mm or none 13 26 168 84

Sensitivity (positive in disease) � 37 / 50 � 74%.
Specificity (negative in health) � 168 / 200 � 84%.
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42 Section I: General Issues in Hospital Medicine

abdomen, as well as corroborating the accuracy of physical
examination findings with more definitive diagnostic tests,
may substantially improve the LRs of many findings.

KEY POINTS

■ The results of a diagnostic test must be interpreted in the
context of the prior probability of the disease.

■ Two of the best diagnostic tests are the history and phys-
ical examination.

■ Likelihood ratios quantify the effect of a test result on the
prior probability.

■ The likelihood ratios for independent test results can be
multiplied together.

■ The sum of the probabilities of the various diagnostic
possibilities must equal 100%.

■ The precision and accuracy of the diagnostic laboratory
(including the characteristics of the clinician in the case
of the history and physical examination) should always
be considered when interpreting the results of a diagnos-
tic test.

■ An appreciation of quantitative reasoning and Bayesian
analysis allows clinicians to make more rational and ulti-
mately more correct decisions in caring for their patients.
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Decision Analysis
Warren S. Browner

INTRODUCTION

Decision analysis is a formal method to estimate the result
of a clinical decision by assigning numeric values to the po-
tential outcomes of that decision and to the probabilities of
those outcomes. Analyses of many common clinical prob-
lems have been published (1–4). Decision analysis is most
useful when uncertainty exists about the best course of ac-
tion. One does not need a decision analysis to determine
whether to obtain blood cultures in a patient with rigors,
fever, and a new heart murmur. However, decision analysis
would be an appropriate way to determine which antibi-
otics to use to treat that patient. Indeed, it would be an
ideal situation for decision analysis; the clinical scenario is
relatively common, and clinical trials have not definitively
answered the question.

The process of decision analysis assumes that it is possi-
ble to rate the outcomes of a decision on a quantitative scale
from best to worst. Thus, decision analysis is sometimes
called a normative process; given the assumptions in the
model, a “best” answer must exist. An analysis can be only
as good as the abilities of the decision analyst and the qual-
ity of the data used. When little is known about a clinical
problem, or when the decision analysis has been prepared
by someone who is not familiar with what is known, even
the most sophisticated analysis is unlikely to provide much
that will be useful in caring for patients.

Although decision analysis is not the only way to ap-
proach a clinical problem, it has advantages compared with
other methods of decision making under uncertain cir-
cumstances, such as dogmatism (“This is the best way to do
it.”), policy (“This is the way we do it around here.”), ni-
hilism (“It doesn’t really matter what we do.”), deferral to
experts or patients (“What do you want us to do?”), and
catastrophe avoidance (“Whatever else we do, let’s be sure

to not do that.”). Especially when the correct decision is too
close to call, small changes in one or two assumptions can
change the results. The process of creating a decision anal-
ysis can often identify key pieces of clinical information
that are unknown but essential to determining the best
course of action. Decision analysis—because it assigns pa-
tient-specific values to the outcomes of clinical decisions—
highlights the importance of patient preferences in physi-
cian decision making.

BASIC STRUCTURE OF A DECISION TREE

Decision analysis begins with a clinical decision, such as
whether a patient with chest pain should be admitted to the
hospital. The decision, of course, needs analysis only if the
course of action is uncertain. Under many circumstances,
as when a patient is severely ill, no uncertainty exists: ad-
mission to the hospital, not a formal decision analysis, is
needed. For certain patients, however, the best decision is
not clear.

A decision analysis is usually portrayed as a tree structure,
progressing from the decision on the left to the outcomes
on the right (Figure 7.1).

In general, the decision should be framed in terms of the
clinical options and the characteristics of the patient and
setting. Making a decision about hospitalization for chest
pain will be different for a 75-year-old patient with known
coronary artery disease than for a 35-year-old patient who
runs 3 miles a day without symptoms. Suppose the clinical
problem of interest concerns a patient between the ages of
50 and 59 years with new, but resolved, substernal chest
pain. This patient has normal electrocardiographic findings
and does not live alone. The decision is whether to admit
the patient to the hospital or to treat at home with close

7
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44 Section I: General Issues in Hospital Medicine

follow-up. The outcome of interest is whether the patient
survives the episode. By convention, the decision itself is
placed in a rectangle, where each branch represents a dif-
ferent decision. Usually, a decision entails only two op-
tions, but additional choices are certainly possible, such as
a brief admission to an observation unit. The same princi-
ples and techniques would hold.

After the decision node come the chance nodes, indi-
cated with circles, which are used whenever clinical un-
certainty exists. However, uncertainty from the clinical
point of view may not be what matters in a decision anal-
ysis. For example, it may seem that the key uncertainty in
deciding whether to admit a patient with chest pain is
whether the pain is actually cardiac in origin. A more for-

mal approach, though, may indicate that the actual un-
certainties that matter are whether the patient has a prob-
lem that will get worse with outpatient treatment and
how much more likely improvement is to occur with hos-
pital admission.

A simple analysis of this decision (Figure 7.2) might be-
gin with one set of chance nodes—the probability that a
life-threatening problem will develop. A decision analysis
ends with the outcomes of the different possibilities. In this
case, four outcomes are possible: admitted and died, ad-
mitted and survived, treated at home and died, and treated
at home and survived.

This simple tree does not reflect the clinical situation. A
more realistic tree (Figure 7.3) needs at least one additional

Decision Chance nodes Outcomes

Figure 7.1 Basic structure of a decision tree.

Admit to hospital?

Yes

Yes

YesNo

No

No

Dies in hospital

Hospitalized, alive

Dies at home

Home, alive

Develops
fatal
problem?

Develops
fatal
problem?

Figure 7.2 A simple decision tree for chest pain.
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layer of complexity—the likelihood that the potentially fa-
tal problem can be prevented by therapy or detected and
treated in time to prevent a fatal outcome. That likelihood
is presumably greater if the patient is admitted to the hos-
pital; if not, then hospitalization has no benefit, and no un-
certainty exists about the right decision, which is to send
the patient home.

In this more elaborate tree, the new set of chance nodes
reflect the different probabilities. The chance nodes indi-
cate the probability that a potentially fatal complication is
destined to develop. This probability is independent of the
decision; its likelihood is not influenced by the decision to
admit the patient. This concept—that the decision does not
affect the likelihood that a patient already has a particular con-
dition—is essential to understanding decision analysis. If
the patient is not destined to have a life-threatening com-
plication, then the patient will survive whether admitted to
the hospital or treated at home.

FILLING IN THE DECISION TREE

After the tree structure has been outlined, the next step in
a decision analysis is to assign probabilities to the various
branches leaving each chance node. The total probability
at each chance node must sum to 100%. These probabili-
ties can be obtained by a thorough review of the litera-
ture, from original data, or by asking experts. Although
the most valid estimates of the effects of treatment are ob-
tained from trials, these are not available for many deci-
sions. Indeed, one of the strengths of formal decision
analysis is that it is useful when a randomized trial is not
practical or available.

In the example, let us arbitrarily assume that the likeli-
hood that a life-threatening problem would have devel-
oped is 5%; thus, the likelihood that such a problem would
not have developed is 95%. Next, one must estimate the
likelihood of preventing or detecting and successfully treat-
ing this problem both at home and in the hospital. Let us
assume that this likelihood is 80% if the patient has been
hospitalized but only 50% if the patient is at home.

Numeric values must now be assigned to each out-
come. These values are called utilities. For convenience,
the best outcome (in this case, alive and at home) is usu-
ally assigned 100 points, and the worst outcome (in this
case, dead) is assigned zero points. But how should the
utility of the outcome of “alive and in the hospital” be
valued? Some “disutility” must be assigned to hospitaliza-
tion; otherwise, the best decision would be to hospitalize
everyone, no matter how small the probability of the de-
velopment of a life-threatening problem. This disutility
results from the cost and inconvenience of hospitalization
and from the possibility that the patient will suffer a hos-
pital-related complication. Arbitrarily, let us assume that
admission to the hospital for a condition that could have
been managed on an outpatient basis has a disutility of
two points; thus, the outcome of “alive and admitted” is
worth 98 (100 � 2) points.

An important question to ask before assigning utilities
is, “Whose utility?” Usually, the perspective for a clinical
decision analysis is that of the patient. For example, a
physician may view a death that occurs at home as being
worse than a death that occurs in the hospital (in the sense
that the death at home might have been avoidable had the
patient been admitted). From the perspective of the pa-
tient, however, it is usually reasonable to assume that a
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No

No
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No

Yes

No

No

Develops
fatal
problem?

Successfully
treated?

Successfully
treated?

Develops
fatal
problem?

Hospitalized, alive

Hospitalized, alive

Home, alive

Dies in hospital

Home, alive

Dies at home

Admit to hospital?

Figure 7.3 A more realistic tree.
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fatal outcome has the same utility whether or not the pa-
tient was hospitalized.

ESTIMATING THE UTILITY OF EACH
DECISION

After completing the anatomy of the tree and estimating all
the probabilities and utilities (Figure 7.4), the decision ana-
lyst must determine the expected utility of each alternative
decision. The expected utility of a decision is the average util-
ity of all the possible outcomes of that decision, weighted by
the likelihood of arriving at each outcome. The decision with
the greatest expected utility is the best decision.

This process begins at the most distal nodes of the de-
cision; the expected values at these nodes are determined
by multiplying the utility of each outcome by the proba-
bility of the twig leading to that outcome. Then one sums
the expected values of each twig. For example, a 20%
chance of an outcome that is worth zero points and an
80% chance of an outcome that is worth is 100 points has
an expected value of 80 points, or (20% � 0) � (80% �
100). This value becomes the expected utility of that
chance node, which is then multiplied by the likelihood
of arriving at that chance node. The process progresses
centrally (from right to left) until the expected values of
the original decisions, at the base case for the probabilities
and utilities, are determined. In this example (see Figure
7.5), the decision to treat the patient at home results in an
expected utility of 97.5, whereas admission to the hospi-
tal has an expected utility of 97.02 when using the base
case assumptions about probabilities and utilities. Thus,
the analysis indicates that treating the patient at home

will have a marginally (less than a half point) greater ex-
pected utility.

SENSITIVITY ANALYSIS

The decision analyst next varies the assumptions in the
model to determine how these changes affect the expected
utilities of alternative decisions. This process is known as
sensitivity analysis because its purpose is to determine
whether the value of a decision is sensitive to the assump-
tions. Decisions that are not greatly affected by a probabil-
ity or utility are said to be robust to that assumption.
Sensitivity analyses alter the probabilities at each chance
node as well as the utilities through a reasonable range. If
only one assumption is varied, the process is known as a
one-way sensitivity analysis. If several probabilities and
utilities are varied simultaneously, these are called, for ex-
ample, two-way or three-way analyses. Sensitivity analyses
are especially important when the model contains several
critical variables and there is disagreement about what the
base case values should be.

One potentially confusing aspect of most sensitivity
analyses is that the expected utilities of alternative deci-
sions usually decline as the probability of an adverse out-
come increases (Figure 7.6). For example, the value of ad-
mitting a patient with chest pain and the value of treating
the patient at home both decline as the probability in-
creases that a life-threatening complication will develop.
That is because complications are usually a result of severe
disease; even patients who are hospitalized may have ad-
verse outcomes. However, a comparison of the expected
values of the two choices shows that as the likelihood of
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Dies at home = 0
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Figure 7.4 The tree with probabilities and utilities added.
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complications increases, the difference between the two
therapies becomes more favorable to admission as the two
lines diverge.

The point at which the expected values of alternative de-
cisions are identical is the toss-up (5). In the example, this
occurs when the probability of a complication is 6.6%.
When the probability that the patient has a life-threatening

condition is less than 6.6% (e.g., a 5% risk, as in the base
case assumptions), treatment at home is preferred, albeit
not by much. At probabilities greater than 6.6%, hospital-
ization is the better decision.

SETTING UTILITIES

One of the most difficult aspects of decision analysis is set-
ting the utilities for the expected outcomes (6–9). Some-
times the utilities are obvious—for example, if there are
only two of them (such as life and death). At other times,
the utilities can be set in years of life expectancy under al-
ternative decisions, such as survival with medical or surgi-
cal therapy in patients with left main coronary artery dis-
ease. However, for many situations, it is necessary to
determine the utilities for one or more intermediate out-
comes by using some sort of scale—the higher the utility,
the greater the value to the patient.

Consider the following example. You are trying to help
a patient determine whether to have femoral–popliteal
artery bypass surgery for claudication. The patient is able to
walk one block on level ground. The condition has been
stable for the past year, during which time the patient has
quit smoking. If the surgery is successful, the patient will be
able to resume previous activities—walking several blocks
a day—without pain. This is the best outcome, and it is as-
signed 100 points. The main complication of surgery is pe-
rioperative death. This is the worst outcome, and it is
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78.4 = .8 x 98 + .2 x 0

50 = .5 x 100 + .5 x 0

97.02 = .05 x 78.4 + .95 x 98

97.5 = .05 x 50 + .95 x 100

Figure 7.5 The tree with expected utilities (elongated ovals) added.
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Figure 7.6 One-way sensitivity analysis of expected utilities of
treating at home or admitting to the hospital, as a function of prob-
ability of life-threatening complication.
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assigned zero points. Assume that surgery is otherwise
without problems. The utility that needs to be determined
is that of the intermediate outcome—being “able to walk
one block on the level.”

One way to set this utility is to ask the patient, “On a scale
of zero (death) to 100 (able to walk without pain for several
blocks), how would you rate the current situation, with lim-
ited activity? Place a mark on the line that indicates your
choice” (Figure 7.7). This is then the patient’s utility.

Another way of assessing utilities is known as the stan-
dard gamble (Figure 7.8), in which the patient is offered two
hypothetical scenarios. The first scenario is the intermedi-
ate outcome (e.g., living with claudication). The second in-
volves balancing a chance of the best outcome (revascular-
ization and pain-free ambulation) against the alternative of
the worst outcome (death). When the chance of the best
outcome is low enough that the patient has a difficult time
deciding which scenario is more attractive, you have deter-
mined the utility of the intermediate outcome. This can be
portrayed as a simple decision analysis to determine the
probability of surviving a successful procedure that would
make the decision a toss-up.

The patient needs to estimate the chance of surviving the
procedure that would make the decision a difficult one (a
toss-up). At that probability (P), the patient has deter-
mined the utility of the intermediate outcome because P �
100 � [1 � P] � 0 � claudication utility. One can estimate
this probability by beginning with a very high likelihood of
surviving surgery and reducing it until the patient no longer

chooses surgery. (“Suppose that surgery could restore your
walking back to several blocks without discomfort. Would
you choose to undergo surgery if the chance of surviving
was 999,999 in a million? 999 in 1,000? 99 in 100? 49 in
50? 1 in 10? 1 in 2?”) Alternatively, one can begin with a
low surgical risk and increase it. (“Would you choose
surgery with a risk for death of 1 in a million? 1 in 1,000?
1 in 100? 1 in 50? 1 in 10? 1 in 2?”) If a patient is willing to
take no more than a 1 in 20 chance of dying at surgery (at
least a 95% chance of a good outcome), that implies that
the patient has assigned the value of 0.95 to the utility of
living with claudication.

Utilities derived from the standard gamble tend to be
greater than those estimated using a linear scale; interme-
diate outcomes such as claudication tend to cluster close to
those for good health. This happens because patients are
risk averse and especially because they are death averse.
Many are not willing to risk death to improve their current
condition.

The standard gamble assumes that patients value a 95%
chance of a perfect outcome the same as a 100% chance of
an outcome that has a utility of 0.95. Some patients, how-
ever, may not like the uncertainty of not knowing and pre-
fer a sure thing, even to the point of overvaluing it.

Often, utilities obtained from a linear scale or the stan-
dard gamble combine with life expectancy to yield quality-
adjusted life-years (QALYs, pronounced “qwallies”). If
claudication has a utility of 0.9, then the outcome of “alive
for 10 years with claudication” would be equivalent to nine
quality-adjusted life-years; so would nine years in perfect
health (with a utility of 1.0) or 20 years with a health con-
dition that had a utility of 0.45.

Another way to set utilities is by making time trade-offs
to estimate the utility of a year of life in the intermediate
state. In this method, the patient is asked to balance time in
the current situation with time in a state of perfect health.
For example, patients are asked whether they would be

0 50 100
(death) (walk several blocks)

_ _ _

Figure 7.7 The linear utility scale.

Yes = P

No = 1 � P
Worst outcome = 0

Best outcome = 100

Yes

No

Intermediate outcome = ?

Choose risky procedure?

Complication?

Utility = P x 100

Figure 7.8 The standard gamble.
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willing to trade 10 years of life with claudication for Y years
of “revascularized” life (and death immediately thereafter).
In this situation, patients are estimating the quality of life
with claudication (e.g., on a scale of 0% to 100%):

100% � Y Years

� Quality of Life with Claudication � 10 Years

If a patient chooses eight years, this indicates that the cur-
rent quality of life is 80%:

80% � 10 Years � 100% � 8 Years

In general, time trade-offs give values for utilities that are be-
tween those of a linear scale and those of a standard gam-
ble. This occurs because patients, especially young patients,
tend to devalue time given away in the future. They are more
willing to give some away for the chance of feeling better.

Setting utilities from other perspectives can yield differ-
ent results in a decision analysis. From the perspective of an
insurance company or an overworked physician, admitting
a patient to the hospital for five days of treatment for pneu-
monia has a major disutility, whereas from the patient’s
perspective, it may have only a minor disutility (or even
none at all). Physicians may not value quality of life with a
disability, such as the need for long-term dialysis, as highly
as patients themselves do.

EVALUATING PUBLISHED DECISION
ANALYSES

Before accepting the validity of a decision analysis, one must
determine whether it is relevant to the clinical situation.
First, are the alternative decisions actually available, or do
they involve specialized or unavailable tests or procedures?
Second, are the probabilities—both of outcomes and of the
effects of treatment—valid in the particular clinical situa-
tion in which you find yourself? Were they based on refer-
ral populations? Were there other important differences,
such as in age, gender, race, or stage of disease, in compari-
son with patients for whom you care? Were the relevant out-
comes considered, and were they valued appropriately?

A well-performed decision analysis should also provide
the exact structure of the decision tree that was used. If you
cannot re-create the calculations involved in a complex
model, then it is difficult to be certain that the authors did
them correctly. A decision analysis that is not explicit about
the tree structure can hide many branches and may have ar-
rived at the wrong results.

Published analyses should provide the values for each
probability for the base case and the ranges of probabilities
for the sensitivity analyses, as well as references to the
sources of probabilities. More importantly, an analysis
should verify their relevance to the clinical situation. A de-
cision analysis, for example, that concludes that anticoagu-
lation is always the best course of action for patients with
atrial fibrillation who have a risk for bleeding that varies

between 1% and 10% a year would not be relevant for a pa-
tient who has had three gastrointestinal hemorrhages in the
previous month.

Utilities should be appropriate. They are often set arbi-
trarily or by consulting with a few physicians, and thus they
bear little resemblance to what patients might say. Bear in
mind that most patients value life, even with disability or
disease, highly, and that short-lived events (such as hospi-
talization) have only a minor effect on the quality of life for
an entire year.

The advantages of decision analysis—that it requires an
explicit structure of the decision, that probabilities and util-
ities must be estimated, and that a point of view must be
adopted—also point to some of its key disadvantages.
These requirements are time consuming and often not
practical when a decision must be made in real time. How-
ever, formal decision analyses are available for many com-
mon clinical decisions, and many have been done well
(1–4). The process of decision analysis, by highlighting the
key uncertainties, may suggest areas in need of research.
Many difficult decisions are toss-ups, and the process of de-
cision analysis reminds clinicians of the importance of pa-
tient preference in these circumstances. Small changes in
the utility of an outcome, such as a preference not to un-
dergo an invasive diagnostic test, may greatly affect the pre-
ferred decision.

KEY POINTS

■ Decision analysis is a formal method of evaluating clini-
cal decisions made under circumstances of uncertainty.

■ The process assumes that it is possible to rank outcomes
from best to worst and to assign them numeric values,
called utilities.

■ The expected utility of a decision is determined by mul-
tiplying the utilities of each possible outcome of that de-
cision by the likelihood of reaching that outcome.

■ The best decision is the one that leads to the greatest ex-
pected utility.

■ A decision is a toss-up when the expected utilities of al-
ternative choices are similar.

■ Sensitivity analyses determine the effects of changes in
the assumptions of a decision analysis on the expected
utilities.

■ Different methods of setting utilities can result in differ-
ent values.
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Evidence-Based

Medicine
Holger J. Schünemann Gordon H. Guyatt

INTRODUCTION: THE HISTORY AND
PHILOSOPHY OF EVIDENCE-BASED
MEDICINE

When one of the authors first introduced the term evidence-
based medicine (EBM) in an informal residency training
program document, it was described as “an attitude of
enlightened skepticism toward the application of diagnostic,
therapeutic, and prognostic technologies in their day-to-day
management of patients” (1). In the following years, the
term and its philosophy became well known through a series
of articles (later published in a collection) by the EBM
Working Group (2). A MEDLINE search of the term EBM in
January 2005 revealed seven citations for the year 1993 and
approximately 2,500 citations in 2004.

The need to solve clinical problems has stimulated the
evolution of EBM. In contrast to the traditional paradigm of
clinical practice, EBM emphasizes that intuition, unsystem-
atic clinical experience, and pathophysiologic rationale are
not sufficient for making the best clinical decisions. Although
EBM acknowledges the importance of clinical experience, it
deems the evaluation of evidence from clinical research as a
prerequisite for optimal clinical decision making (3). More-
over, it holds that clinicians must use a formal set of rules to
interpret and apply evidence from clinical research results ef-
fectively. Another fundamental principle of EBM is the ex-
plicit inclusion of patients’ and society’s values and clinical
circumstances in the clinical decision-making process (see
Figure 8.1) (4). Patients, their proxies, or (if a parental
approach to decision making is desired) the clinician must
always weigh the benefits, harms, and costs associated with
alternative treatment strategies, and values and preferences
always influence those trade-offs.

For clinicians, integrating research evidence in their
practice requires an understanding of what constitutes
higher-quality versus lower-quality evidence. For in-
stance, a case report describing an “effective” intervention
makes one less certain than when evidence about the in-
tervention is summarized in a systematic review of large,
randomized controlled trials. EBM teaches that confi-
dence in research results should be greatest when system-
atic error (bias) is lowest and that confidence should fall
when bias is more likely (see Figure 8.2).

SETTING CRITICISM OF EBM STRAIGHT

Although randomized study designs provide the highest-
quality evidence, EBM does not neglect other study
designs. In fact, EBM acknowledges explicitly that a large
body of state-of-the-art evidence comes from observa-
tional studies because higher-quality evidence often is
unavailable or experimental study designs are infeasible.
For instance, consider the role of smoking in the devel-
opment of lung cancer. Randomizing individuals to
smoke or not smoke is infeasible (and unethical), and,
thus, the highest-quality evidence comes from observa-
tional data. The practice and application of EBM requires
an understanding and critical evaluation of all study
designs and their appropriateness for specific clinical
questions. In addition to study design, rules for formal
assessment of evidence allow critical appraisal of
whether studies are executed and analyzed correctly. The
next sections consider how to develop a clinical question
and identify and appraise evidence.

8
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had already received aspirin and low-molecular-weight
heparin in the ER, but you wonder about the best action to
prevent further cardiovascular events. (The patient refuses
any invasive cardiac procedure, including catheterization.)
Apart from management of the patient’s lipids and lifestyle
modifications, you know that cardiologists and neurolo-
gists in your hospital often use a second antiplatelet agent
(clopidogrel) to prevent further ischemic events. However,
you wonder how large the potential benefits and harms are.
You are particularly concerned about the risk of bleeding.

You develop the following clinical question according
to Table 8.1 (5): In patients with acute coronary syndromes
without ST segment elevation, what is the impact of early and
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Figure 8.1 Model for Evidence-Based Decision Making. Clinical
expertise balances and integrates the “clinical state and circum-
stances,” “patient preferences and actions,” and “research evi-
dence,” dealing with not only the traditional focus of assessing the
patient’s state but also the pertinent research evidence and the pa-
tient’s preferences and actions before recommending a course of
action. (Reproduced from Haynes RB, Devereaux PJ, Guyatt GH.
Clinical expertise in the era of evidence-based medicine and
patient choice. ACP Journal Club 2002;136:A11, with permission).

EBM IN ACTION: A CLINICAL SCENARIO

Imagine you are a busy hospitalist in a university-affiliated
county hospital, working late at night after admitting several
patients over the course of the day. You just admitted a 66-
year-old Caucasian man who presented to the emergency
room that morning with 15 minutes of left-sided chest pain
radiating to his left arm. The pain was severe enough to
awaken him, and he reports that he had to sit up in his bed
because of difficulties in catching his breath. Finally, his
symptoms became so severe that he called an ambulance. A
second episode of similar pain in the ambulance was
relieved within a few minutes by 0.4 mg nitroglycerin given
under his tongue, and he has been free of pain since then.
An ECG in the emergency room was unremarkable, and car-
diac enzymes drawn at ER arrival were borderline elevated
(troponin I 1.0 mcg/l; the hospital’s indeterminate range is
0.4–2.0 mcg/l). His chest radiograph was normal.

The patient has a history of hypertension. He takes a
diuretic, and his primary care provider had given him 325
mg of aspirin daily to prevent a heart attack. Now, a few
hours after his ER arrival, you recheck his laboratory values,
and you find that his second troponin I level has risen to
4.8 mcg/l. At this point, you feel that a myocardial infarc-
tion without ST segment elevation (a non-ST segment
elevation MI) is the most likely diagnosis, and you need to
decide what to do after admitting the patient. The patient

Figure 8.2 The Hierarchy of Quality of Evidence. As the research
design becomes more rigorous (moving from bottom to top), the
quality of evidence increases, and the likelihood of bias decreases.

TABLE 8.1
FORMULATING THE CLINICAL QUESTION

Component Explanation

Population Who are the relevant patients?
Interventions or exposures What are the management 

strategies clinicians are interested
in (for example, diagnostic tests,
drugs, toxins, nutrients, surgical 
procedures, etc.)?

Comparison (or control) What is the comparison, control, or 
intervention or alternative intervention clinicians
exposures are interested in? For questions

about therapy or harm, there will
always be a comparison or control 
(including doing nothing, placebo, 
alternative active treatment, or 
routine care). For questions about 
diagnosis, there may be a 
comparison diagnostic strategy
(for example, troponin I compared
with creatine kinase MB in the
diagnosis of myocardial infarction).

Outcome What are the patient-important 
consequences of the exposure 
clinicians are interested in?

Clinical state
and circumstances

Patient preferences
and actions

Research evidence

Clinical expertiseClinical expertise

Bias

Study Design
Randomized controlled trials
Controlled trials (controlled before and
   after studies)
Case-control studies and cohort studies
Cross-sectional studies
Case reports and case series
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long-term use of clopidogrel plus aspirin versus aspirin alone on
cardiovascular events and bleeding risk?

While the patient is transferred to the floor, you go to
your office and search for appropriate studies. You can find
the answer to your question in several ways, including ask-
ing a colleague. However, you want to solve this question
now because it has come up before but you have always
been too busy to answer it.

You consider the resources you have available. First, you
could obtain the relevant evidence in the form of published
original research and critically appraise these studies your-
self. Second, you could rely on prefiltered evidence pro-
vided by others with experience in critical appraisal of
primary studies. In view of available time and your entirely
clinical training, you decide to focus on the latter.

SOURCES OF EVIDENCE

For many hospital-based physicians, the most accessible re-
sources are online. Most resources require use of a com-
puter with a World Wide Web connection, but many have
CD-ROM versions available. (For a comprehensive list, see
McKibbon et al. (5).) Online or computer-based resources
are easy and relatively quick to search. Although there are a
number of such resources, no formal comparison in terms
of efficiency and patient outcomes exists. This chapter de-
scribes some of these resources. The question framed in the
previous section is one of therapy, and several sources
address questions about therapy.

Prefiltered Medical Information Resources for
Hospital-Based Clinicians

The best starting point to look for answers to clinical ques-
tions is a systematic review. Systematic reviews are rigorous
and all-inclusive summaries of evidence; they often include
statistically pooled summary measures of effect called meta-
analysis. The best source for systematic reviews and sum-
maries of systematic reviews are the Cochrane Library (6),
ACP Journal Club/Evidence-Based Medicine (7), and Clinical
Evidence (8)—all of which are available in CD-ROM
versions or on the World Wide Web. The Cochrane Collab-
oration, an international organization that aims to produce,
maintain, and disseminate high-quality systematic reviews
of health care interventions, produces the Cochrane Library.
ACP Journal Club and Evidence-Based Medicine contain
prefiltered appraisals of primary research and systematic
reviews. Clinical Evidence provides concise accounts of the
current state of knowledge (updated biannually) primarily
based on searches for systematic reviews. Another source of
prefiltered evidence is UpToDate (9), a comprehensive
online or electronic textbook updated every four months.
The advantages of UpToDate include the provision of back-
ground knowledge of clinical topics for quick review and its
comprehensiveness. Although UpToDate does not describe

the methodology used to obtain and appraise the evidence,
its editors are working toward being increasingly evidence-
based.

Looking for Evidence

You start the search by looking at the OVID collection called
“EBM Reviews,” which includes ACP Journal Club and the
Cochrane databases. You know that few studies on clopido-
grel exist because of its relatively recent introduction. You
type the keyword “clopidogrel” first and then “myocardial
infarction OR acute coronary syndrome.” You then combine
these searches with an “and,” yielding a list of 31 references
that you review in less than five minutes. Reference number
20 is a hit (10), providing an appraised summary of the
CURE trial: “Effects of Clopidogrel in Addition to Aspirin
in Patients with Acute Coronary Syndromes without ST-
Segment Elevation Trial” (11). You decide that you cannot
spend the 20–25 minutes reading the primary article, both
because you have other patients waiting and because of your
limited training in critical appraisal. Just as critically apprais-
ing the primary articles addressing a clinical question can be
unwieldy, searching for primary evidence using MEDLINE,
an electronic database of more than 4,500 biomedical jour-
nals, can be inefficient. If searches of preappraised sources
prove fruitless, however, one must fall back on MEDLINE.

MEDLINE

MEDLINE is a bibliographic database created and updated
by the U.S. National Library of Medicine (NLM). In many
hospitals, MEDLINE is available through commercial
vendors (such as OVID) that purchase licenses from NLM.
Clinicians can also access MEDLINE directly through
the NLM PubMed World Wide Web site (http://www.
pubmed.org). MEDLINE is helpful in answering focused
clinical questions. However, because of its size and com-
plexity, searching MEDLINE can be difficult, time consum-
ing, and frustrating. Using the same keywords described
above, your MEDLINE search returns 292 citations. Screen-
ing this list of citations will be infeasible for those who need
an answer quickly. Therefore, the authors recommend ini-
tial use of MEDLINE only when searches of other sources—
particularly those that contain prefiltered summaries of ev-
idence—have been unrewarding. In general, for common
questions, such as the one in the scenario, the prefiltered
databases described above are more useful.

EVIDENCE-BASED CARE FOR THE
HOSPITALIZED PATIENT

The ACP Journal Club article summarizing the CURE trial
provides you with sufficient information about the study
to answer typical questions about therapy (see Table 8.2).
ACP Journal Club provides this assessment for clinicians in
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summary format. You learn that the study was a random-
ized, blind, and placebo-controlled trial with 12 months of
follow-up. The investigators randomized patients to
clopidogrel or a placebo, but all patients received aspirin as
standard therapy. You know that randomized studies
have a lower risk of yielding biased outcomes compared
with observational studies because known prognostic
factors often influence clinicians’ or patients’ decision
about certain therapies. Properly conducted randomized,
controlled studies will eliminate the imbalance of known
and unknown risk factors. You also know that randomized
trials have often led to different results from those of
observational studies or commonly held medical opinion.
For example, based on a number of observational studies,
the use of hormone replacement therapy was thought to
prevent coronary heart disease in postmenopausal women,
but results of a large randomized controlled trial showed
an increased risk for cardiovascular events in patients
receiving hormone replacement therapy (12).

EXPRESSING TREATMENT EFFECTS:
RELATIVE RISK REDUCTION, ABSOLUTE
RISK REDUCTION, AND NUMBER
NEEDED TO TREAT

The CURE study included 12,562 patients from 28 countries,
and all patients were included in the final analysis. Approxi-
mately half the patients received an immediate loading dose
of oral clopidogrel, 300 mg, followed by 75 mg daily for
3–12 months; the remaining patients received a placebo re-
sembling clopidogrel; and all patients received aspirin,
75–325 mg daily. Patients were followed for 12 months.

The main outcomes were a composite of death from
cardiovascular causes, nonfatal myocardial infarction
(MI), or stroke, and a composite of death from cardiovas-
cular causes, nonfatal MI, stroke, or refractory ischemia.
Safety outcomes included major and minor bleeding. The
focus here is on the latter composite endpoint. Patients in
the clopidogrel group had a relative risk (RR)—the pro-
portion of the baseline risk in the control group that still
is present when patients receive the experimental treat-
ment (in this case, clopidogrel)—of 0.86 (see Table 8.3
for a glossary of key terms in EBM). The easiest measure of
risk to understand is the absolute risk. In the CURE trial,
the absolute risk for the combined primary outcome of re-
current nonfatal myocardial infarction, stroke, death from
cardiovascular disease, or refractory ischemia was 16.5%.
The absolute risk for this outcome in the control group
was 18.8%. One can express treatment effects as the abso-
lute risk reduction (ARR) or the risk difference—the differ-
ence between the absolute risks in the experimental and
control groups. This effect measure represents the propor-
tion of patients spared from the unfavorable outcome if
they receive the experimental therapy (clopidogrel) rather
than the control therapy (placebo). In the CURE trial, the
absolute risk reduction is 2.3% (18.8%–16.5%).

However, the most commonly reported measure of di-
chotomous treatment effects in clinical studies is the com-
plement of this RR, the relative risk reduction (RRR). One
can obtain the RRR easily from the RR because it is the pro-
portion of baseline risk that is removed by the experimen-
tal therapy, equivalent to 1.0 � RR. It can be expressed as
a percentage: (1 � RR) � 100 � (1 � 0.86) � 100 � 14%
for this scenario. A relative risk reduction of 14% means
that clopidogrel reduced the risk of the combined outcome
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TABLE 8.2
CRITICAL APPRAISAL OF STUDIES ABOUT THERAPY

Question Therapy or prevention

Study design and I. Are the results of the study valid?
execution—evaluation of bias 1. Were patients randomized?

2. Was randomization concealed?
3. Were patients analyzed in the groups to which they were randomized?
4. Were patients in the treatment and control groups similar with respect 

to known prognostic factors?
5. Were patients aware of group allocation?
6. Were clinicians aware of group allocation?
7. Were outcome assessors aware of group allocation?
8. Was follow-up complete?

Results and random error II. What are the results?
1. How large was the treatment effect?
2. How precise was the estimate of the treatment effect?

Application and uptake III. How can I apply the results to my patient care?
1. Were the study patients similar to my patients?
2. Were all clinically important outcomes considered?
3. Are the likely treatment benefits worth the potential harms and costs?
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by 14% relative to that occurring among control patients.
The greater the RRR, the more efficacious the therapy.

Distinguishing between RRR and ARR is important. As-
sume that the absolute risk of experiencing the combined
outcome doubled in both groups in the CURE trial. This
could have happened if the investigators had conducted a
study in patients at much higher risk of experiencing the
endpoint, such as much older patients. In the clopidogrel
group, the absolute risk would then become 33% com-
pared with 37.6% in the control group. As a result, the ARR
would increase from 2.3%–4.6%, whereas the RR (and
therefore the RRR) would remain identical at 0.86 (33% �
37.6% � 0.86), and the RRR would remain approximately
14%. As this example makes clear, doubling of those expe-
riencing the endpoint in both groups leaves the RR (and
the RRR) unchanged but increases the ARR by a factor of 2.

Although 14% reduction in the relative risk of the com-
bined endpoint may not sound impressive, its impact on
patient groups and practice may be large. The number
needed to treat (NNT), the number of patients who must re-
ceive an intervention during a specific period to prevent

one additional adverse outcome or produce one positive
outcome, provides a guide to this impact (13). The NNT is
the inverse of the ARR and is calculated as 1 / ARR. There-
fore, in the hypothetical example above (with an ARR of
4.6% expressed as a proportion, 0.046), the NNT would be
22 (1 / 0.046%). It was 44 (1 / 0.023%) in the CURE trial.

With this concept in mind, imagine a young patient with
no other risk factors for adverse outcomes. Such a patient
may carry a much lower baseline risk (say, 4%), and thus the
NNT skyrockets to 179 [1 / (0.14 � 4%)]. Given the dura-
tion, potential harms (absolute risk increase of 2.7% and 1%
for minor and major bleeding, respectively), and cost of
treatment with clopidogrel, withholding therapy in this
lower-risk patient would be reasonable.

EXPRESSING TREATMENT EFFECTS:
CONFIDENCE INTERVALS

Results of any experiment, such as a randomized controlled
trial, represent only an estimate of the truth. The true effect
of treatment actually may be somewhat smaller or larger
than what researchers found. The confidence interval (CI)
tells, within the bounds of plausibility, how much smaller
or greater the true effect is likely to be. The results provided
in ACP Journal Club show that the CI in the CURE trial
around the point estimate of the RRR of 14% ranges from
approximately 6%–21%. Both the point estimate and the
CI itself help answer two questions. First, what is the single
value most likely to represent the true difference between
treatment and control; and second, given the difference be-
tween treatment and control, what is the plausible range
within which the true effect might lie? The smaller the sam-
ple size (number of patients in a trial) or the number of
events in an experiment, the wider the CI. As the sample
size gets larger and the number of events increases, investi-
gators become increasingly certain that the truth is not far
from the point estimate calculated from the experiment,
and, therefore, the CI is narrower.

One can interpret the 95% CI as the range within which,
95% of the time, the true effect will lie. However, how does
the CI facilitate interpretation of the results from the CURE
trial? As described above, the CI represents the range of val-
ues within which the truth plausibly lies. Accordingly, one
way to use CIs is to look at the lower boundary of the in-
terval (the lowest plausible treatment effect) and decide
whether the action or recommendation would change
compared with assuming that the point estimate represents
the truth. The most likely value for the RRR with clopido-
grel is 14%, but the true RRR may be as high as 21% or as
low as 6%. Values progressively farther from 14% will be
less and less likely. One can conclude that patients receiv-
ing clopidogrel are less likely to experience the combined
endpoint (because even the lower bound of the RRR is
greater than zero)—but the magnitude of the difference
may be either quite small (and not outweigh the increased
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TABLE 8.3
GLOSSARY OF KEY TERMS IN 
EVIDENCE-BASED MEDICINE

Absolute risk increase (ARI): Used as a measure of harm when an
investigational therapy causes more harm than good. It is the
difference between the absolute risks in the experimental and
control groups and represents the proportion of patients that
suffer from the unfavorable outcome if they receive the
experimental therapy rather than the control/comparison
therapy. Conceptually similar to the ARR but indicating an
increase in risk from the investigational therapy.

Absolute risk reduction (ARR): The difference between the
absolute risks in the experimental and control groups. This effect
measure represents the proportion of patients spared from the
unfavorable outcome if they receive the experimental therapy,
compared with those in the control/comparison group.

Confidence interval (CI): The range within which, 95% of the time,
the true effect of an intervention will lie.

Evidence-based medicine (EBM): EBM deems the evaluation of
evidence from clinical research as a prerequisite for optimal
clinical decision making but acknowledges the importance of
clinical experience. EBM requires that clinicians use a formal set
of rules to interpret and apply evidence from clinical research
results effectively. Another fundamental principle of EBM is the
explicit inclusion of patients’ and society’s values and clinical
circumstances in the clinical decision-making process.

Number needed to harm (NNH): The number of patients who must
receive an intervention during a specific period to cause one
additional harmful outcome. Inverse of the ARI.

Number needed to treat (NNT): The number of patients who must
receive an intervention during a specific period to prevent one
additional adverse outcome or produce one positive outcome
during that time period. Inverse of the ARR.

Relative risk reduction (RRR): The proportion of baseline risk that is
removed by the experimental therapy, equivalent to 1.0–relative
risk (RR).
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risk of bleeding and/or the cost) or quite large. This way of
understanding the results avoids the yes/no dichotomy of
testing a hypothesis.

EXPRESSING HARMS AND TOXICITIES:
ABSOLUTE RISK INCREASE AND
NUMBER NEEDED TO HARM

The chief toxicity of clopidogrel that concerned the authors
of the CURE trial was bleeding. They found that the absolute
risk increase (ARI) (conceptually similar to the ARR but in-
dicating an increase in risk associated with the investiga-
tional therapy) for major bleeding was 1% (an increase
from 2.7% in the placebo group to 3.7% in the clopidogrel
group). The investigators defined major bleeding as sub-
stantially disabling bleeding, intraocular bleeding or the
loss of vision, or bleeding necessitating the transfusion of
at least two units of blood. One can also calculate the num-
ber of patients who must receive an intervention during a
specific time to cause one additional harmful outcome
(analogous to the NNT). The number needed to harm (NNH)
for major bleeding in the CURE trial is equal to 1 / ARI, or
1 / 0.01 � 100. The authors also provided the information
for minor bleeding, which they defined as hemorrhages
that led to interruption of the study medication but that
did not qualify as major bleeding. The risk for minor bleed-
ing was 5.1% in the clopidogrel group compared with 2.4%
in the placebo group. Thus, the NNH for minor bleeding
was 1 / 0.027 � 37. Clinicians should keep in mind that es-
timates of harm also come with uncertainty; therefore, ACP
Journal Club provides confidence intervals around these
harmful effects.

APPLYING EBM PRINCIPLES TO 
YOUR PATIENT

You now want to know whether you can apply these re-
sults to your patient. You examine the study population
included in the CURE trial and the associated exclusion
criteria. In terms of age, your patient is similar to the study
population (66 vs. 64 years), the study included a large
proportion of men, and your patient does not fulfill any
exclusion criteria. In addition, the study addressed all rel-
evant outcomes. So the study does seem applicable to
your situation.

You discuss the option of clopidogrel therapy with
your patient, who is now feeling better and appears to
have a good understanding of the information you are
providing. You explain that—based on your assessment—
the benefits and harms of clopidogrel are finely balanced:
for every 44 patients treated for one year in the CURE trial,
there was one less occurrence of the combined endpoint
(the NNT). However, for every 100 patients treated with
clopidogrel for one year, one additional patient suffered a

major bleeding episode, and for every 37 patients treated
for one year, there was one additional minor bleeding
episode (the NNH). You also explain that because these
are only estimates, the true benefits and harms might be
somewhat smaller or larger. The decision regarding taking
clopidogrel thus depends on the patient’s values and pref-
erences regarding preventing the combined endpoint vs.
incurring additional risk of bleeding (see Figure 8.1).
Your patient states that he does not care about the risk for
minor bleeding and that he feels the risk for major bleed-
ing is less threatening for him than the risk of the recur-
rent pain of a heart attack and its subsequent impact on
his long-term prognosis. Thus, he would like to use clopi
do grel. Uncertain of clopidogrel’s cost, you now call
the hospital pharmacist. She informs you that the cost is
approximately $90 per month and that at least one
analysis has suggested the drug is not cost effective (14).
The patient tells you that he has a minimal copayment
for most medications and remains interested in taking
the medication. Thus, you start the patient on a 300 mg
loading dose of clopidogrel and continue with 75 mg
daily.

CONCLUSIONS

Evidence-based medicine provides an approach to address-
ing clinical problems. In contrast to the traditional
paradigm of clinical practice, EBM emphasizes that
intuition, unsystematic clinical experience, and patho-
physiologic rationale are not sufficient for making the 
best clinical decisions. Although EBM acknowledges the
importance of clinical experience, EBM’s philosophy is that
the evaluation of evidence from clinical research provides
for the best clinical decision making. Clinicians need to
understand a few basic methodological concepts to practice
EBM, including developing searching skills and apply-
ing the results of clinical studies to their own practice
circumstances. A large number of resources facilitate
evidence-based clinical practice. Optimal clinical practice
includes making the time for obtaining and applying the
evidence.

KEY POINTS

■ The first step to practicing evidence-based medicine is
to develop focused clinical questions.

■ Searching for evidence can be simple and efficient.
■ A number of electronic and print resources are available

for obtaining evidence.
■ A basic understanding of risk, measures of effect, and

outcomes (both benefits and harms) is necessary to
practice or apply EBM (see Table 8.3).

■ Patient values and preferences bear on the decision-
making process.
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Cost-Effectiveness
Joel Tsevat

INTRODUCTION

Physicians are facing increasing pressures to practice
medicine efficiently. To many involved in hospital
medicine, efficiency implies avoiding hospitalization when
possible, minimizing hospital length of stay for those who
need hospitalization, and eschewing expensive tests and
treatments. In contrast, the cost-effectiveness paradigm is
not to provide as little care as possible but to derive as
much value as possible from the limited resources avail-
able. Thus, economic analyses in health care often seek to
answer the question “How much bang are we getting for
our buck?” rather than “How can we spend the fewest
bucks possible?”

ECONOMIC ANALYSES

Economic analyses in health care compare two or more di-
agnostic or treatment modalities. There are several types of
economic analyses (1) (Table 9.1). The simplest, cost-mini-
mization analysis, assumes that the clinical outcomes of the
alternatives under question are equivalent, so the analysis
seeks to determine the least costly alternative. For example,
one cost-minimization analysis determined the potential
savings to a hospital ($2,973 per patient at 12 months) de-
rived from treating patients who have multivessel coronary
artery disease by angioplasty and stenting vs. by coronary-
artery bypass surgery (2). Cost-minimization analysis is
useful for identifying costs but not for evaluating the yield
(health benefits) from the expenditures.

A second type, cost–benefit analysis, compares the conse-
quences of alternative modalities in common units, usually

dollars. For example, cost–benefit analyses of influenza
vaccination have found that vaccination and treatment
costs were more than offset by savings from reduced mor-
bidity and mortality (3,4). Here, clinical outcomes were ex-
pressed in monetary units to compare them directly with
the cost of the vaccination program. The principle in
cost–benefit analysis is to adopt a program if it is cost-
saving, or if it has a more favorable benefit-to-cost ratio
than its alternatives.

The most common form of economic analysis is cost-
effectiveness analysis. Because most choices in health care in-
volve changes in the level or extent of an activity (e.g.,
ordering an expensive antibiotic vs. a less expensive antibi-
otic, or ordering computed tomography vs. ultrasonog-
raphy), cost-effectiveness analysis addresses marginal or
incremental changes. Thus, cost-effectiveness analyses ex-
amine the net cost (expenditures minus savings) per net
unit of effectiveness for one alternative relative to another
(5). Effectiveness is usually expressed as years of life saved,
quality-adjusted life-years (QALYs) saved, or lives saved.
QALYs factor in quality-of-life weights for years of life in
various states of health; the weight ranges from zero (rep-
resenting dead) to 1 (representing full health). The weights
are derived by using utility measures, such as (a) the stan-
dard gamble, which assesses one’s willingness to risk a bad
outcome, such as death, in exchange for a chance at full
health; or (b) the time trade-off method, which assesses how
much (if any) time a person would be willing to trade in ex-
change for a shorter but healthy life (6). Cost-effectiveness
analyses that express outcomes as the incremental cost per
QALY gained are also called cost-utility analyses. Cost-
effectiveness ratios can also be expressed in terms of “inter-
mediate outcomes,” such as cost per hospital day averted,
but use of a “definitive” common denominator such as

9
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QALYs facilitates comparisons among a wider variety of
interventions.

Cost-effectiveness analysis is too complex to perform at
the bedside, but familiarity with its methods is useful for
interpreting published studies. An important distinction is
the difference between costs and charges (7). Costs repre-
sent the actual consumption of resources that could have
been used otherwise, and as such, they are usually the rele-
vant measure. Charges (patient bills), on the other hand,
are subject to the vicissitudes of the health care system,
such as type (or lack) of insurance, and may bear little re-
semblance to true resource use (see Chapter 2).

Several types of costs may be germane to an analysis.
For example, fixed costs, such as building overhead, do
not change during the short term and are thus usually ex-
cluded from analyses; on the other hand, variable costs—
those directly related to the number of services pro-
vided—should be included. In general, costs appropriate
to include in the numerator of a cost-effectiveness ratio
include the following:

■ Costs of health services (so-called direct health care
costs, such as medications and laboratory tests)

■ Cost of patient time expended while undergoing care
(travel time, waiting time, and time actually receiving
treatment)

■ Costs associated with providing home care for the pa-
tient or for obtaining child care while the patient seeks
care

In practice, many cost-effectiveness analyses include only
direct medical costs. Occasionally, they include income lost
because of morbidity or premature death (although such
“indirect costs” are more appropriately captured in the de-
nominator of the cost-effectiveness ratio) (8).

Besides which costs are considered, published cost-
effectiveness analyses vary in other fundamental areas, such
as perspective (e.g., that of society, the patient, the hospital,
or the insurer), time horizon, and discount rates (discounting
is a method of converting future costs, years of life, or both
to their present value). Variability in methodology limits
comparison across studies, and this limitation is significant
because interventions cannot be considered cost-effective

or not cost-effective per se—they must be viewed in relation
to alternative uses of health care resources. As such, at-
tempts have been made to rank interventions by their cost
effectiveness (9,10). Although no official consensus exists
regarding an acceptable incremental cost-effectiveness ra-
tio, a de facto benchmark of $50,000 per QALY has
emerged. Interventions that cost less than $50,000 per
QALY are often characterized as worthwhile, whereas those
costing more than $50,000 per QALY are often considered
to be inefficient.

CARE OF THE HOSPITALIZED PATIENT

Cost-effectiveness analysis is generally regarded as an aid
for health policy formulation. Given the premise that we as
a society do not have unlimited funds to provide all bene-
ficial health care—no matter how marginally beneficial or
how expensive—to everyone, cost-effectiveness analysis
can theoretically help to allocate resources to large groups
of patients more efficiently.

At the bedside, however, the story may be different. Pa-
tients rightfully expect their health care providers to put the
patients’ own best interests first, not those of society or
their insurer. Health care providers often find themselves
serving two masters with opposing paradigms.

What then, should a health care provider do? Ubel and
Goold (11) contend that bedside rationing of care that is
not economically worthwhile does not violate patients’
best interests. They argue that physicians should play a
role in limiting access to marginally beneficial health care
services, especially those that patients would not be will-
ing to pay for themselves in cash or in extra insurance pre-
miums. To do this, they state, physicians need to be
trained to identify such marginally beneficial services. If
one accepts and extends that viewpoint, then it is proba-
bly reasonable for physicians to withhold tests and
treatments with incremental cost-effectiveness ratios
that greatly exceed accepted benchmarks. Table 9.2 lists
the cost-effectiveness ratios of some common inpatient
practices.

60 Section I: General Issues in Hospital Medicine

TABLE 9.1
COMMON TYPES OF ECONOMIC ANALYSES IN HEALTH CARE

Type Compares Expressed In Comments

Cost-minimization analysis Costs of alternative strategies Dollars Assumes equivalent clinical outcomes
Cost-benefit analysis Costs and benefits of Dollars Benefits converted into dollar savings

alternative strategies
Cost-effectiveness analysis Incremental costs per unit of Dollars per year �$50,000 per QALY often considered 

benefit of alternative strategies of life saved, per cost-effective
QALY saved, or
per life saved

QALY, quality-adjusted life-year.

26410 ch 009  3/11/05  2:39 PM  Page 60



CONCLUSIONS

Cost-effective is a buzzword in today’s practice of medicine,
but the term is often misused and misconstrued (12).
Health care practices must be subjected to formal economic
analysis before they can be considered to be cost-effective
or not cost-effective, and then only when compared with
other interventions or consensus standards. When con-
ducted and applied rigorously, cost-effectiveness analysis
can aid health care systems in allocating resources as effi-
ciently as possible.

KEY POINTS

■ Economic analysis is a tool to allocate limited health
care resources efficiently.

■ Of the several forms of economic analysis applied in
health care, cost-effectiveness analysis is the most com-
monly used.

■ In cost-effectiveness analysis, the relevant evaluation in-
volves the incremental cost per additional benefit re-
ceived; benefits are usually expressed as years of life or
quality-adjusted life-years gained.

■ Several types of costs, rather than charges, are germane to
cost-effectiveness analysis.

■ Published cost-effectiveness analyses may differ with re-
spect to their methodology, which may, in turn, limit
comparisons between or among studies.

■ Although clinicians have a fiduciary obligation to do
what is in their patients’ best interests, some argue that
withholding marginally beneficial care (or care that is
not economically worthwhile) does not violate that
obligation.
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TABLE 9.2
COST-EFFECTIVENESS RATIOS FOR SOME HOSPITAL-BASED INTERVENTIONS

Problem Finding Reference Comments

Radiofrequency ablation for Saves costs and QALYs 13 Comparison is with antiarrhythmic therapy.
supraventricular tachycardia

Early invasive treatment for unstable $12,739 per year of 14 Comparison is with conservative treatment (cath-
angina and non–ST-segment elevation life saved eterization reserved for recurrent ischemia or
myocardial infarction positive stress test). Productivity costs included.

Gastric bypass for severe obesity (body • For women: 15 Comparison is with no treatment. Used payer’s
mass index 40–50 mg/kg2) $5,000–$16,100 perspective.

per QALY
• For men: 

$10,000–$35,600 
per QALY 

Annual lung cancer screening with • For current smokers: 16 Comparison is with no screening.
helical computed tomography $116,300 per QALY

• For quitting smokers:
$558,600 per QALY

• For former smokers: 
$2,322,700 per QALY

QALY, quality-adjusted life-year.
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Hospital Information 

Systems
Saverio M. Maviglia Gilad J. Kuperman Blackford Middleton

INTRODUCTION

Electronic information systems are critical to the function-
ing of today’s hospitals. Although there is immense hetero-
geneity in the clinical information systems (CIS) used by
hospitals, almost all hospitals use computers to manage
financial and patient registration data such as patient
demographics and insurance information, to control bed
allocation, and to schedule visits, tests, and procedures.
While such systems are often implemented as tightly inte-
grated modules, or as independent but cooperative sys-
tems, the same cannot be said for the clinical information
systems utilized by individual departments within hospi-
tals. Each separate department, such as the laboratory, ra-
diology, pharmacy, and telecommunications, usually has
its own system(s) to manage intradepartmental processes
and clinical data.

Unfortunately, the rule rather than the exception is that
these departmental systems employ different methods
to represent clinical data, making information exchange
between them difficult. In fact, the institutions with the
most advanced information systems are commonly not
those with the most computerized processes, but those with
computerized processes that are the most integrated, where
added value is derived from sharing and cross-referencing
data, in order to detect actionable patterns and trends.

This chapter will focus on advances in CIS that are most
directly related to providing care to hospitalized patients.
These can be broadly classified into two categories, basic
and advanced.

BASIC CLINICAL INFORMATION
SYSTEMS

Basic clinical information systems are essentially passive
tools that increase access to clinically relevant patient in-
formation. In the typical hospital, most ancillary depart-
ments (such as laboratory, blood-bank, microbiology, ra-
diology, etc.), use their own departmental information
systems. These systems manage the local workflow, such as
accounting, scheduling, ordering and resulting of tests and
procedures performed in the department. Clinical data
from these systems are aggregated into a clinical data repos-
itory that allows the clinician to have an integrated view of
clinical information without the necessity of going to sev-
eral individual results terminals (Figure 10.1). More so-
phisticated results viewers augment the informational
value of the presented data by co-displaying related results
or graphically trending results.

Another example of a basic CIS application is the re-
port generator, which is a tool for viewing data across
multiple patients. Traditionally utilized by hospital ad-
ministrators to focus quality improvement or cost reduc-
tion efforts, it also is tremendously useful to the round-
ing physician for keeping track of his or her patients. It
can also reduce errors, as demonstrated by one comput-
erized “coverage list” application that standardized the
information exchanged between physicians on sign-out,
a problem list, medications, and active issues (1, 2). Of-
ten, the quality of these reports can make or break a roll-
out of a new CIS because, unlike with lab results that

10
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continue to be printed and inserted into the paper chart,
there are often no back-up mechanisms to make up for
deficiencies in patient tracking. Nothing irritates physi-
cians more than not knowing for which patients they are
responsible, where they are located, and what their test
results are.

When different types of results viewers are integrated un-
der a single shell, the result begins to form the foundation
for an electronic medical record (EMR). With an EMR, clini-
cians can review (to varying degrees), the entire medical
history (remote and recent) of the hospitalized patient,
along with additional functionality to support clinical de-
cision making. As with hospital information systems in
general, the more information that is stored, and the more
integrated the data, the more impact an EMR can have on
patient care. While typical EMRs record patient allergies,
medications, and patient encounter reports (such as
consultations, admission history and physicals, discharge
summaries, and operative reports), these data elements are
usually stored as free-text entries, which restricts how effec-
tively the CIS can impact patient care, as discussed below.

In addition to convenient access to patient information,
basic CIS also can provide convenient and quick access to
reference information. The Internet has revolutionized the
manner by which patients and physicians look up facts, fig-
ures, and opinions. As libraries and publishers offer more
of their offerings in electronic formats, simply providing
terminals with Web access throughout hospitals effectively
provides clinicians with a virtual mobile library. Many
hospital CIS offer an intranet portal to this material, which
can include textbooks, drug information compendiums,

medical journals, medical literature search engines, and lo-
cally developed or authored material, such as clinical
guidelines, manuals, policies and procedures, forms and
formularies, bulletins and newsletters. All members of the
hospital staff, not just physicians, commonly and regularly
visit these portals (3, 4). Furthermore, such portals have
great potential to be unifying forces, especially for inte-
grated delivery networks distributed across multiple insti-
tutions and regions.

ADVANCED CLINICAL INFORMATION
SYSTEMS

Advanced CIS are characterized by increased interaction
with the physician or care provider in return for decision-
support, or patient-specific recommendations and guid-
ance about therapy or diagnosis. This usually requires that
the clinician contribute data to the system. The most com-
mon example of this is computer-based provider order en-
try, but other advanced CIS include event monitoring, elec-
tronic documentation, and barcoding.

Computer-Based Provider Order Entry

With computer-based provider order entry (CPOE), orders
for medications, tests, or procedures are entered into the
hospital CIS and dispatched to the appropriate depart-
ments, either electronically in integrated environments, or
printed/faxed. At the least, the computer ensures that
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orders are legible and complete. Order sets can further sim-
plify and speed up the ordering process for common sce-
narios (5). The real advantage of computerized orders is
that they can be checked against the patient’s allergies, cur-
rent medications, and recent lab results, triggering alerts
when a potentially dangerous order has been entered, such
as a medication to which a patient is allergic or perhaps
cross-sensitive, a medication that has a dangerous drug in-
teraction with another agent that the patient is taking, or a
medication whose dose must be adjusted because of im-
paired renal or hepatic function.

The data on which any computerized decision support
intervention runs must be represented in a coded form.
This requires that the provider enter allergies, medications,
and other data into the system in a computable form, not
as free-form text. This can be done in a variety of ways, the
most common being a look-up function or “quick-pick”
list of one form or another. Although structured data entry
is unavoidably time-consuming, many objective studies of
well-designed order entry systems show that only a mini-
mal extra time investment is required, and, in the long run,
they may in fact be time saving (6,7). But even if they do
take a bit more time, this must be balanced against the po-
tential positive impact on patient safety, particularly in the
hospital setting (8). For example, one CPOE system, with
limited decision support, prevented 55%–86% of serious
medication errors that otherwise would have reached the
patient (9, 10). Decision support tied to CPOE can also re-
duce costs (11, 12).

One way that hospitals have tried to ensure successful
implementations of computerized order entry is by delegat-
ing the time-intensive burden onto clerical staff rather than

physicians—physicians write orders by hand in the usual
way, and then a unit secretary transcribes the orders into the
computer. Although this technique can still prevent errors
in the transmission of orders to ancillary departments,
decision support is sabotaged because the opportunity to
interact with the decision-maker is bypassed.

CPOE is only half the equation when it comes to im-
plementing effective decision support. The other half is
crafting, testing, and maintaining the knowledge base of
rules that fire and provide corrective recommendations
(13,14, Table 10.1). Some rules are readily agreed upon
and rarely change (such as when to alert on critical lab re-
sults), but deciding (and encoding) who to alert (physi-
cian, nurse, or pharmacist; and which particular one) and
how (text page, e-mail, or phone call) can be difficult and
politically charged (15–17). Even implementing basic
drug-allergy checking requires the maintenance of accu-
rate and ever-expanding drug and allergen families
(18,19). Even more complicated and labor-intensive is
the compilation and maintenance of rules which drive
drug-drug (20), drug-disease, and drug-lab interaction
checking.

An emerging problem at institutions where extensive
rules are implemented is how to reconcile when multiple
conflicting rules are triggered—for example, a rule that sug-
gests a formulary change to another medication to which
the patient is allergic, or a renal-based dosing rule which
suggests a dose that violates an age-based dosing rule. In
such cases, more complicated meta-rules must be crafted,
tested, and maintained, quickly leading to a situation
where the behavior of the CIS system as a whole is difficult
to predict and test.
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TABLE 10.1
EXAMPLES OF DECISION SUPPORT RULES

Type Example References

Drug-allergy 19

Drug-drug 21, 22

Drug-lab 15, 16, 17

Drug-disease 23

Therapeutic/route 10, 24
substitutions

Dosing 25, 26

Computerized practice 27–30
guidelines

Warn of possible cross-sensitivity when physician orders “Keflex”
for patient allergic to “amoxicillin.”

Not allow a clinician to concurrently order linezolid and
pseudoephehdrine because of the risk of severe hypertension.

Warn physician of danger when ordering “digoxin” for patient
with a recent potassium level under 3.0.

Warn of a possible adverse event when ordering lovastatin in a
patient with cirrhosis.

Suggest switching from intravenous to oral formulation, or from
proton-pump inhibitor to an H2 antagonist.

Suggest lower dose of a drug for patient with renal insufficiency,
or an alternative medication in an elderly patient (oxazepam
instead of diazepam).

Suggest appropriate diagnostic or therapeutic steps for a patient
admitted with community-acquired or ventilator-associated
pneumonia.

26410 ch 010  3/11/05  2:39 PM  Page 65



Event Monitoring

An event monitor is a computer program that continually
reviews information transactions (or events) that occur
within a CIS. As depicted in Figure 10.2, an event monitor
or alerting system “listens” for clinical events by monitor-
ing the data transactions occurring across the network. An
event that activates a rule is called a trigger event. A trigger
event may prompt notification of the appropriate clinician
with an e-mail or page, depending on the severity of the
event. Examples of trigger events are a new lab result for a
patient, a new patient registration, a new order, or docu-
mentation of a patient encounter. The event monitor ex-
amines the new data and decides which, if any, of a
database of rules applies to this new piece of data.

A rule usually is encoded as a simple logical statement.
For example, “if the patient has a diagnosis of coronary
artery disease and the patient is not currently taking aspirin,
then remind the physician to order aspirin for the patient,”
or “if the patient has a new serum potassium result of less
than 3.1 meq/liter and the patient is receiving digoxin, then
generate an alert notifying the physician about the new
lab result.” These examples are represented in free text
form, but actually must be translated into very precise logi-
cal operations on coded concepts in order to have meaning
to the CIS.

Rules may require that the event monitor look up other
patient-specific data, and so the event monitor must
have access to the clinical data repository. When rules are
evaluated as “true,” some consequent action results. The
result of a true rule can be a new monitored event that

might trigger another round of rule evaluation, or an
unmonitored event, such as the sending of a text message
by page or the generation of a report of a possible adverse
event (31, 32).

When it comes to impacting patients’ care, an event
monitor is only as good as the events which can invoke it,
the database(s) of rules which it computes, the set of other
CIS components with which it can communicate, and the
breadth of effects or mechanisms at its disposal (e.g., send-
ing e-mail, paging physicians, generating printed remin-
ders, etc.). However, even simple monitors can be quite ef-
fective, especially for critical lab values, for which event
monitors have been shown to increase the rate and pace of
appropriate care, as well as to reduce morbidity, and even
decrease length of stay (33–35).

Electronic Charting and Documentation

Having clinical information in electronic form is valuable
for a variety of reasons. Most notably, electronic data can
be made available remotely, so the physical limitations
of the paper chart are removed. Also, data in coded form
are available for clinical decision support (event monitor-
ing). Coded data can also be used for billing, research,
management and quality assurance analyses. Clinicians’
documentation of the clinical encounter, if represented
electronically, could be a boon to quality and safety im-
provement efforts (see Chapters 12 and 20).

Traditionally, the clinical encounter has been captured
on paper, or as transcribed dictation. Although transcrip-
tion makes the data available for remote viewing (assum-
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ing the appropriate electronic interfaces are in place), the
data are not represented in coded form and so are not avail-
able for clinical decision support. Many efforts over the last
10–20 years have focused on how to capture encounter in-
formation directly from clinicians. As physicians have be-
come increasingly comfortable with typing, many
providers now type their encounter notes into the com-
puter themselves. This eliminates the need for transcription
(and results in large cost savings); however, it does not re-
sult in coded data.

Capturing coded data from clinicians is complex (36).
As the requirements for structuring data increase, the
flexibility of the data input and expressiveness of the re-
sulting documentation may decrease, thus decreasing
physician satisfaction and willingness to use such sys-
tems. How best to encode medical concepts involved in
documentation (e.g., signs, symptoms, diseases, prob-
lems, etc.) is also complex and still lacks a standard solu-
tion (37, 38). With the recent free availability of
SNOMED (39) (a controlled  terminology that attempts
to cover these domains), progress towards a more robust
and standardized representation of clinical concepts in a
computer should proceed more rapidly, which should re-
sult in more useful structured physician documentation
programs.

Barcoding

Medication errors have been shown to be common (40,
41), and a large proportion (61%) of them occur in the dis-
pensing, transcribing and administering stages (42), after
CPOE has had its chance to eliminate them. Barcode tech-
nology, in conjunction with an electronic medication
administration record system, has been proposed as a
promising way to reduce medication errors at these stages
(43). However, its efficacy for reducing medication error
rates, its acceptance by staff, and its cost-benefit ratio have
yet to be evaluated (see Chapter 21).

OTHER CLINICAL INFORMATION
SYSTEMS ISSUES

Success Factors for Implementation

The successful implementation of a clinical information
system requires more than just a suite of applications that
provide the functionality of reviewing test results, entering
orders, and guiding decisions. Even systems that perform
these functions well may fail to gain the acceptance of
their intended users, most notably physicians (44). The
problem is that any implementation requires changing
practice habits, and such change is difficult even when
there is excellent evidence to support the change (45, 46).

There appear to be several factors associated with success-
ful implementation of electronic medical records and de-
cision support. These include both application-dependent
characteristics (those that are quick, anticipate the clini-
cian’s needs and behaviors, integrate as much as possible
into the current workflow, minimize data entry, and guide
rather than prevent action) (47) and organization-specific
factors (motivation/vision, clinical and administrative
leadership, involvement of clinical users, adequate train-
ing and support, and responsiveness to user feedback)
(48, 49).

Security

All hospital information systems must protect the privacy
and confidentiality of clinical information, and the security
of their systems. Recent regulations, codified in the Health
Insurance Portability and Accountability Act (HIPAA),
have defined privacy and security requirements for clinical
information systems (50). Typically, hospital information
systems operate behind an enterprise “firewall” which
guards against intrusions from the outside. Within the hos-
pital environment, access privileges to the information sys-
tems are often controlled at the departmental level, or
sometimes by the information systems or medical records
department. In any case, information security is main-
tained by requiring users to employ a two-step login proce-
dure (user name and password) to identify themselves and
gain permission to use appropriate functions or systems
within the environment. Biometric identification (e.g., fin-
gerprint scan) is rarely used today, but may become more
common in the future as the reliability of these technolo-
gies improves.

Once authenticated into a CIS, a “role-based” security
model is often employed to allow users to access infor-
mation systems applications appropriate for their role.
For example, a physician may be permitted to review all
clinical data, but a scheduling clerk may be only allowed
to access patient demographics and scheduling informa-
tion. Selected patient-specific information within the CIS
environment may also be partitioned off for medical-legal
reasons. For example, in some states, HIV test results re-
quire special access provisions. Also, in certain settings,
mental health-related clinical information might require
additional permissions to access. In most settings, how-
ever, system designers allow authorized clinical personnel
to access any and all clinical information on a patient in
an emergency condition, although such access is usually
logged.

Hospital Information System Architectures

Most hospital information systems deliver clinical data and
functionality to desktop personal computers connected to
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the hospital network. As depicted in Figure 10.1, ancillary
departmental systems communicate via the hospital net-
work to a clinical data repository that aggregates clinical
data for presentation to the end user. An interface engine
transfers data from one system to another. Additionally,
personal computer desktop clinical applications, or Web-
based applications, may access the clinical data repository
data to present it in useful ways for the end user. For ex-
ample, as described above, a results viewer application
may format clinical laboratory data pooled in the clinical
data repository in a way that facilitates rapid review of
electrolytes, hematology values, or other data. The most
common architecture in use today is a “client-server” ar-
chitecture that consists of a “back-end” database hosted
on a computer (the server), communicating via a secure
network to a “front-end” desktop application or Web page
(the client), which is viewed by the end user. This ap-
proach affords a flexible approach to both front-end and
back-end systems design, implementation, and mainte-
nance. Newer approaches may use “application servers”
to provide application functionality via Web-based tech-
nologies on the client desktop. Additionally, as newer
technologies emerge, the front-end may be delivered
via wireless network connections that allow the user to
access clinical information while mobile, using laptop
personal computers, handheld devices, or even cellular
phones (51–53).

THE ROLE OF THE HOSPITALIST IN
CLINICAL INFORMATION SYSTEMS

The hospitalist can play a unique and pivotal role in the de-
velopment, implementation, and support of the hospital’s
clinical information system. First, as a prime consumer of
the services provided by CIS, hospitalists are extremely
motivated to make sure that the CIS is effective. Because
they are at the point of care on a day-to-day and minute-
to-minute basis, hospitalists are well positioned to under-
stand the problems of the current health care system and
the ways that information technology can help improve
matters.

Second, as systems-oriented providers well versed with
the processes already at work within the hospital, hospital-
ists are valuable sources of insight to the developers and
implementation team about what will or will not work.
They should understand the potential benefits and limita-
tions of information technology to improve care, and
mechanisms should be created to regularly elicit their opin-
ions about these matters.

Third, as respected members of the hospital staff and ef-
fective communicators, hospitalists can provide leadership
in these efforts. One way to promote this is to have hospi-
talists play an active role in developing and maintaining
rules. But, even putting aside specific operational roles,

hospitalists should be advocates for the use of IT as an im-
portant way to improve care, and be intimately involved in
developing and implementing such systems to ensure that
they achieve their intended goals of improving patient care
processes, work flow, and outcomes.

CONCLUSIONS

Hospital information systems are critical to the functioning
of the modern hospital. They are central to almost all core
hospital activities, not just to patient care. Hospital infor-
mation systems are varied, and the system as a whole can be
hampered by the lack of interoperability between subsys-
tems. However, effective hospital information systems can
improve patient outcomes, reduce costs, and increase satis-
faction among providers. Hospitalists can play a pivotal role
in ensuring the success of their hospital’s information
system.

KEY POINTS

■ Hospital information systems are critical to the func-
tioning of today’s hospitals, but are limited by poor in-
teroperability and uncoded data entry.

■ Effective hospital information systems can improve pa-
tient outcomes, reduce costs, and increase satisfaction
among providers, largely through clinical decision sup-
port provided during order entry, and notification to
providers of “panic” or other abnormal test results.

■ Successful implementation of advanced hospital infor-
mation systems requires not just good computer pro-
grams, but all the systems, processes, and values that go
into changing practice patterns and managing user ex-
pectations.

■ Hospitalists are uniquely positioned to help develop and
implement successful hospital information systems,
which can increase their own efficiency and ability to
provide high quality care to their patients.
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Effective Clinical 

Teaching in the 

Inpatient Setting
Karen E. Hauer David M. Irby

INTRODUCTION

Inpatient physicians at academic medical centers and
teaching hospitals face the opportunity and challenge of
combining a busy clinical practice with teaching responsi-
bilities. Attendings can serve as powerful role models and
expert instructors of inpatient care for trainees, potentially
leading to better future performance and greater interest in
internal medicine as a career. Trainees who work with the
most highly rated clinical instructors have been shown to
perform better on standardized examinations and to be
more likely to pursue the specialty of their most valued
teacher (1, 2). Highly effective clinical teachers share com-
mon traits—they are enthusiastic, they actively involve
learners in the educational process, and they plan carefully
prior to teaching (3).

In this chapter, we will outline the planning strategies,
teaching methods, and reflective practices that inpatient
attendings or residents can use to teach and lead a team
successfully (Table 11.1). With many academic health
centers now employing hospitalists, the inpatient attend-
ing role is becoming the responsibility of fewer, more
highly experienced physicians (4). Nevertheless, the prin-
ciples described in this chapter apply to all inpatient team
leaders. The planning step involves jointly setting expecta-
tions with team members, establishing a positive learning
climate, and planning for instruction. A variety of teaching
methods are needed to meet the multiple learning needs of
the team in a patient-centered environment. Reflection is
the process of making sense out of experience and is pro-

moted through thoughtful self-evaluation by learners.
This chapter will describe how to apply these three steps
with an inpatient team.

PLANNING STRATEGIES

The norms of a group are set at the outset, so attendings
should take time to clarify expectations for the team and
create a positive learning climate at the start of the rotation.
The team will function more effectively and efficiently
when responsibilities and roles are clear and consistent.

Jointly Set Expectations

Rounds and Patient Care. Defining expectations at the
outset can mitigate later confusion about what was ex-
pected or whether a learner has satisfactorily met the
requirements of the rotation. Specifically, behaviorally
focused expectations are better than generalities. The
attending could start this discussion with, “I’m going to
share with you the day-to-day expectations I have for all of
you to help the team run smoothly; let me know if you
have other suggestions.” Expectations should be addressed
regarding rounds, presentations, workload, communica-
tions with the attending, and days off.

Structure of Rounds. Define the relative allocation of
time devoted to patient care versus didactics or other teach-
ing. For 90-minute attending rounds, the attending might
suggest, “I’d like to devote no more than 30 minutes to

11
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Presentations lasting under 5 minutes are desirable for
both trainees and attendings. Trainees may find delivering
briefer, more targeted presentations to be challenging,
since they lack the background to identify which informa-
tion to omit after spending hours with the patient and a
thick medical record. Learners may be inclined to talk faster
or to guess what the attending wants (5). Instead, shorter
presentations should prompt the presenter to identify the
most pertinent positive and negative data in advance of the
assessment. So that trainees are not left guessing what type
of presentation the attending will want each post-call day,
the attending should state at the start of the month, or on
each call day, his/her expectations regarding presentation
format. For instance, the attending might say during an on-
call phone conversation with the resident, “It looks like
we’ll cap tonight with 10 new admissions, so please ask
each student to be prepared to present a case in no more
than 5 minutes, focusing the H & P on the pertinent posi-
tives and negatives, and discussing only the main one or
two problems in the assessment and plan.”

Number and Complexity of Patients To Be Followed.
It is particularly important to define this expectation for
students.

Communications with the Attending. Tell the team
members when to consult or page the attending (such as
with critical changes in patient status or possible DNR or-
ders). Explain how best to communicate with the attending
(phone versus pager) and the types of clinical situations
that warrant immediate communication (versus waiting
until rounds). Define regular check-in points throughout
the day (e.g., morning rounds with the team and afternoon
phone rounds with the resident), and plan for how and
when the attending will be involved with new admissions.
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TABLE 11.1
STRATEGIES FOR SUCCESSFUL 
INPATIENT TEACHING

Planning
• Team planning

Set clear expectations and provide a rationale for them.
Establish learning goals.
Create a positive learning climate.
Describe the feedback, evaluation, and grading process.

• Plan for teaching

Teaching Methods
• General principles

Be learner-centered.
Make the same thing count twice by integrating teaching
and feedback with patient care.

• Specific methods
Teach at the bedside and actively involve the patient and
learners.
Target teaching to learner needs using the “One Minute
Preceptor” model (Table 11.3).
Develop and use teaching scripts to address common
inpatient illnesses (Table 11.4).
Use clinical reasoning in conference room teaching.
Promote pattern recognition for classic presentations.

Reflection
• Encourage learners to self-assess and to reflect on their

performance.
• Provide frequent, behaviorally focused feedback.
• Include areas for improvement with feedback.
• Schedule periodic meetings for formal feedback.

updates on the patients on the service, and leave the last
hour for didactic teaching or more in-depth discussion of
our toughest case of the day. You can expect that I will have
pre-rounded on all the patients, so your presentations can
be short and focused.”

Presentations. Outline the format and length of pre-
sentations for attending rounds and work rounds, and the
amount of detail to be provided to the attending versus
the resident (Table 11.2). For example, for hospitalists,
the traditional model of post-call attending rounds, with
the attending first learning about new patients when
trainees recite detailed oral presentations, may need to be
modified (4). Instead, the attending, who has already seen
many of the new patients on call, may prefer to focus on
specific teaching points about a case, or on certain pa-
tients who raise complex management questions. The res-
ident who leads work rounds should also clarify how
much information should be presented for each patient.
For example, student presentations can be streamlined
with advice such as, “Be sure to update your problem list
each day, omitting problems that have been resolved,”
and “You only need to present labs from the past 24
hours, and only those that are abnormal.”

TABLE 11.2
GUIDELINES FOR INPATIENT ORAL
PRESENTATIONS

• No more than 5 minutes long
• Focus on pertinent positives and negatives—the data that sup-

port the differential diagnosis
Chief complaint
HPI: chronologic, begins with prior medical evaluation and
treatment of current problem (if relevant), then current symp-
toms, then pertinent positive and negative review of symptoms
Medical history: major or relevant medical problems
Medications: list only without doses
Allergies
Social history, family history if relevant
Exam: vital signs, general appearance, pertinent positives and
negatives
Laboratory data: abnormal values, pertinent normal values
Assessment: differential diagnosis, linking findings above to
the most likely diagnoses
Plan for each major problem

Adapted from McGee SR, Irby DM. Teaching in the outpatient clinic.
Practical tips. J Gen Intern Med 2001;16:308–314.
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Days Off. Describe the coverage system for team mem-
bers on days off. For continuity of patient care, it is optimal
to have some team members in house every day, by stag-
gering the days off among the team members.

Establish Learning Goals

At the start of the rotation, discuss individual and group
learning goals. The attending can initiate this discussion by
saying, “I’d like to learn a bit about your interests and goals,
so that we can make this month as valuable as possible.”
Housestaff and students may have initial trouble identify-
ing learning goals—”I’ll learn about whatever you want to
teach”—but the attending can help team members identify
types of learning opportunities in the inpatient setting. For
example:

■ Clinical skills: physical diagnosis, physical exam of ICU
patients, functional assessment of elderly patients

■ Diseases and symptoms: evaluation of rash, approach to
acute chest pain

■ Evidence-based use of diagnostic testing
■ End-of-life care
■ Role of the physician in the hospital: time management

and prioritization, teamwork with ancillary health
providers, discharge planning

Create a Positive Learning Climate

The first attending rounds begin with introductions, in-
cluding interests and goals. In this session, the attending
seeks to establish a learning climate that is participatory
and respectful of learners at all levels. He or she signals that
the team will collaborate in patient care and in the educa-
tion of one another. He or she role models the enthusiasm,
humor, and personal commitment that will support the
team’s education, motivate performance, and promote
teamwork. By inviting questions and suggestions from all
team members, the attending also fosters critical thinking
and sets the stage for interactive learning, trying to avoid a
passive climate in which the attending does most of the
talking.

Explain the Process for Feedback, Evaluation,
and Grading

Learners should be alerted to the feedback and evaluation
process at the start of the rotation. It is important to set a
schedule for feedback so that learners will know when to
expect feedback and recognize it when they are receiving it.
For instance, students will want to know when they will
receive feedback on their new patient presentations—
immediately after the presentation, later that day, or the
next day away from the whole team. The attending might
say, “I will plan to give you feedback on your new patient
presentations on the post-call day; and if I haven’t given

you feedback, it’s your job to remind me by the end of the
day.”

The first attending rounds is also a good opportunity to
set a schedule for the three key feedback meetings of the ro-
tation—a first meeting to set expectations and discuss
learning goals, a mid-rotation meeting for feedback on
progress to date and to decide on priorities for the remain-
der of the rotation, and a final meeting at the end of the ro-
tation to discuss the evaluation.

For evaluation, the attending should define the attend-
ing role: what form or procedure is used, and when it will
occur, particularly for students who may be graded on the
experience. Students should also be informed of others
who may provide input into their final grade.

Plan for Teaching

Attending rounds teaching by necessity is a combination
of prepared material and improvised discussion of patients.
Attendings who only present prepared didactic material
may be perceived as inflexible, and—if their material is
only peripherally related to patient care—irrelevant. Alter-
natively, attending rounds that are focused solely on pa-
tient discussions may seem like a disorganized repetition of
work rounds. Effective clinical teachers choose one of a
number of planning strategies (and often make this choice
explicit to the team at the orientation):

■ Seeing patients before rounds to expedite presentations
and allow for more teaching time

■ Reading and preparing handouts before rounds
■ Checking in with the resident the day or night before to

learn about new patients and solicit topics of interest to
the team

Work rounds are the main format for resident teaching
and the critical time for most patient care decision-
making. To plan for work rounds, the resident should
review the patient list each night to identify three to five
relevant topics (diagnoses, test results, responses to treat-
ments) to address as teaching points on work rounds the
next day. Writing these topics on the patient data cards or
in the handheld patient log will remind the resident about
these teaching points during discussion of the corre-
sponding patient.

TEACHING METHODS

Highly rated clinical teachers share common characteristics
that make their instructional style effective and well re-
ceived. They are enthusiastic about their work and teaching.
Inpatient attendings, and hospitalists in particular, have
the opportunity to model enthusiasm for inpatient gener-
alism, distinguishing it from ambulatory and subspecialty
care. For many housestaff, the presence of dedicated inpa-
tient attendings validates the many months they spend on
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inpatient rotations by presenting it as a viable and exciting
career option. Flexibility is a key skill used by effective teach-
ers to adapt their content and teaching style to learners. For
instance, a flexible attending will recognize that a post-call
intern may not be inclined to generate a long differential
diagnosis for chronic abdominal pain, preferring to focus
on “what tests do I need to order today.” Effective clinical
teachers embed their teaching in the context of cases, helping
learners to retain more information. A particularly power-
ful learning tool is comparing and contrasting. The attend-
ing can stimulate analytic comparisons with questions like,
“How does the cardiac exam in this case of shortness of
breath differ from the one in the patient we admitted last
week with congestive heart failure?” and “What are the key
features of each patient’s illness?”

Teach at the Bedside and Actively Involve the
Patient and Learners

The traditional model of bedside teaching involves the at-
tending shepherding the entire team to the bedside to
demonstrate or teach one aspect of physical examination.
This process can be quite time-consuming. It can also be
difficult to involve all learners actively with one finding or
exam technique, often relegating interns or students to the
back of the room while others auscultate a murmur. Be-
cause many inpatient attendings now aim to see patients
on the day of admission, traditional post-call bedside
rounds may not synchronize with clinical events, and pa-
tient findings may even have resolved.

Attendings who periodically join the team’s work
rounds (e.g., post call or on the resident’s day off) can
teach at the bedside while conducting real-time patient
care. However, the frequency of such participation in
rounds must be carefully planned to maintain the bal-
ance between housestaff autonomy and supervision, and
the team should be notified in advance of attending
participation.

A practical way to implement bedside teaching during
the attending’s own walk rounds is for the attending to pe-
riodically bring one or two learners, particularly students.
With the first patient, the learners can observe the attend-
ing doing a focused interview and exam. The attending
should prepare the learner in advance for what he or she
will model at the bedside (6). For example, “I’m going to
discuss code status with this patient; watch how the patient
responds to my questions,” or “My plan is to discuss the
risks and benefits of a biopsy versus empiric treatment; see
how well you think the patient understands these options.”
This process can be enhanced by debriefing the learner af-
terward about general strategies used to address similar
problems, or principles the case illustrates. With the next
patient, the learner can take the lead, allowing the attend-
ing to observe and provide feedback.

For the resident leading work rounds, a major teaching
method used at the bedside or in the hallway is questioning:

asking interns and students to interpret findings, share
their assessment, or suggest a management plan. In general,
starting with the junior students and working up to interns
allows everyone to participate. Questions should be open-
ended to stimulate critical thinking (“How would you put
these two findings together?”) rather than closed-ended
(“What is the most common cause of. . . ? What is the def-
inition of. . . ?”). The other fundamental form of resident
teaching is bedside teaching of clinical skills, via modeling
of appropriate interaction with patients and verification of
clinical findings. The resident should keep in mind that
sloppy bedside technique, such as a superficial examina-
tion through the patient’s gown, while time-efficient,
sends a powerful implicit (and unhelpful) message to
learners.

Target Teaching to Learner Needs Using the
“One Minute Preceptor” for Case
Presentations

For daily case presentations, the “One Minute Preceptor”
model (Table 11.3) is a useful format that actively involves
the learner and incorporates immediate feedback (7). De-
veloped for the ambulatory setting, it can be readily
adapted to hospital teaching. After a learner presents the
patient data, the model suggests an alternative to a long,
meandering discussion of a broad differential diagnosis.
Instead, the One Minute Preceptor asks focused questions
that help “diagnose” both the patient and the learner:
“What do you think is going on with this patient?” or
“What do you want to do for the patient? What led you to
this conclusion?” Based on the answers to these questions,
the attending teaches a general point, provides positive
feedback, and recommends improvements.

Learners should be advised in advance whether new
patient presentations will occur in the hallway or at the
bedside. Trainees often prefer conference room or hallway
presentations, because bedside presentations may seem in-
timidating and time-consuming. Bedside presentations
nonetheless have advantages: patients may enjoy the atten-
tion and information, and bedside presentations ensure
some role modeling of bedside care (8). A reasonable bal-
ance can be achieved by selecting a few of the most clini-
cally active patients with easily demonstrated physical find-
ings for bedside presentation.

Develop and Use Teaching Scripts to Address
Common Inpatient Illnesses

Effective clinical teachers have teaching scripts for common
and/or important clinical symptoms and presentations (9).
A teaching script is an outline that includes the goals for in-
struction on a given topic, key teaching points and teaching
methods, and learners’ typical conceptions and challenges
in mastering the topic (Table 11.4). An inpatient attending
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might do well to develop a “toolbox” of 10 to 20 teaching
scripts for the most common inpatient symptoms and
diagnoses.

Teach Clinical Reasoning in Conference 
Room Rounds

The explosion of information related to inpatient medicine
means that trainees can no longer be expected to have
memorized all of the diagnostic criteria and diagnostic
steps for every patient presentation. More important than
sharing factual knowledge is facilitating the opportunity for
critical thinking and self-directed learning. The attending
can model critical thinking with every admission. What
pertinent information from the history and physical exam-
ination led to this diagnostic hypothesis? How were tests
interpreted, and how accurate are the tests that were
obtained? Although every attending will have his or her

own style and technique, the most effective inpatient clini-
cal teachers have been shown to use the following princi-
ples to promote active learning (10):

First, instruction should be anchored in clinical cases.
Learner interest and retention will be highest when mate-
rial is presented in the context of a fascinating or com-
pelling case. The inpatient setting, with the constant stream
of new patients, high acuity, and immediately available di-
agnostic information, provides a rich opportunity for case-
based instruction. Adapting teaching scripts can be a very
useful strategy here.

Second, actively involve the learners. In the conference
room, ask each team member to read about a portion of a
case (a lab value, physical finding, or item on the differen-
tial diagnosis) in advance of the next day’s attending
rounds. At the bedside, rather than demonstrating a physi-
cal finding on a new admission, ask the intern or student to
model the exam for the group, and then solicit suggestions
from other group members.

Third, model professional thinking and action. Although
the focus of inpatient teaching is often the didactic attend-
ing rounds presentations, much of the teaching and learn-
ing occurs in the real-time management of patients. Some
of the best teaching comes when the attending talks
through a clinical case, sharing the clinical thought process
and modeling inpatient expertise. The learner will also then
see how the attending deals with uncertainty—how he or
she works through different diagnostic possibilities, re-
solves ambiguous test results, and explains clinical situa-
tions to patients and families.

Promoting pattern recognition. Something that looks,
sounds, and behaves like your Aunt Minnie is likely to be
your Aunt Minnie—there is little need to systematically
consider other possibilities (11). In the inpatient setting,
where disease often presents in fulminant, dramatic
fashion, this teaching principle can be used to highlight

Chapter 11: Effective Clinical Teaching in the Inpatient Setting 75

TABLE 11.4
A TEACHING SCRIPT FOR THIRD-YEAR MEDICAL
STUDENTS: GI BLEED

• Goals for instruction: understand the differential diagnosis and
management of a patient with GI bleed

• Key teaching points: distinguishing upper from lower GI bleed,
identifying the major causes of GI bleed, initiating a diagnostic
workup, and stabilizing the patient

• Teaching methods: interactive, based on case admitted to the
team

• Knowledge of learners’ typical conceptions of and difficulties in
mastering specific content: students typically have difficulty us-
ing clues from the history to distinguish causes of GI bleeding, and
integrating information to risk-stratify the severity of the bleed

From Irby DM. Three exemplary models of case-based teaching. Acad
Med 1994;69:947–953.

TABLE 11.3
THE ONE MINUTE PRECEPTOR—5 EASY STEPS

One minute preceptor steps Example

The learner presents a case.

1. Get a commitment: What do you think is
going on with the patient?

2. Probe for supporting evidence: What led
you to that diagnosis?

3. Teach general rules.

4. Reinforce what is done well: positive
feedback.

5. Correct errors.

From Furney SL, Orsini AN, Orsetti KE, Stern DT, Gruppen LD, Irby DM. Teaching the one-minute receptor. A
randomized controlled trial. J Gen Intern Med 2001;16:620–624.

A 40-year-old woman with 3 days of shortness of breath and pleuritic chest
pain.

“What do you think is going on with this woman?”

“What led you to think of PE in this case?”

“When clinical suspicion of PE is high, heparin should be started prior to
obtaining an imaging study.”

“You did a nice job eliciting the potential risk factors for PE.”

“A normal oxygen saturation does not rule out PE, particularly in a previously
healthy patient without underlying cardiopulmonary disease.”
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classic cases. Instead of asking learners for an extensive case
presentation, attendings can request a presentation of the
patient’s identifying information, chief complaints, or rea-
sons for hospitalization, followed by the working diagno-
sis. The discussion would then focus on the confirming and
disconfirming findings and data.

For example, consider the case of a patient with
metastatic cancer who presents with abdominal com-
plaints, altered mental status, dehydration, and worsened
bone pain—all hallmarks of hypercalcemia of malignancy
(see Chapter 92). Rather than an analytic discussion of
differential diagnosis, this method focuses on those key
features that learners will remember vividly. Of course, ex-
perienced clinicians also expedite their patient assess-
ments by relying on their memory of prototypical case ex-
amples, so this method has the additional advantage of
introducing trainees to this technique.

REFLECTION

Promoting Reflection in Learners

To encourage self-improvement among trainees, the at-
tending should promote self-assessment and reflection
(12). Feedback and evaluation meetings should generally
begin with, “I’d like to start by hearing how you think
you’re doing on the rotation.” Rather than telling learners
how they’ve done, or worse yet having them find out the at-
tending’s impressions when they read their written evalua-
tion months later, the goal is to create an ongoing dialogue.
Although trainees may be reluctant to self-assess, they will
feel increasingly comfortable if the attending creates an at-
mosphere that is collegial and nonjudgmental.

A positive, reflective learning climate is also fostered by
allowing for the admission of errors and uncertainty. The
attending can model the way in which he or she handles
personal limitations—talking at attending rounds about
any mistakes that occur in patient management, sharing
how to fill in knowledge gaps, and inviting the team to an-
alyze cases with poor outcomes.

To encourage reflection, periodically ask learners to iden-
tify one thing they learned from each patient they discharged
in the prior week. This strategy is known as “Learning
Rounds” (13). It can also be a useful reminder to reflect upon
patients who have died, offering trainees the opportunity to
learn from deaths on the service and process their emotional
reactions to terminal illness (see Chapter 19) (14).

Feedback

Trainees consistently want more feedback and complain
that they have not received enough. Feedback provides
learners with information about their performance for the
purpose of improvement. The attending and resident
should create an atmosphere that promotes feedback with

careful planning. Residents in particular may not realize
that giving feedback is a critical component of effective
teaching. Key steps for effective feedback include the
following:

■ Set the expectation for feedback at the start of the rotation.
Explicitly state, “Feedback is a priority, and it will occur
on a daily basis, with more in-depth feedback meetings
midway through the rotation and at the end.” Demon-
strate an openness to receiving (as well as giving) feed-
back by soliciting feedback: “I’d like to hear from you
how you think I’m doing, teaching at attending rounds,
and what I could do to make that time even more useful
for you.”

■ Immediate feedback on a daily basis is ideal after hearing
a presentation, reading a note, or observing a bedside
encounter. Within 5 minutes, give the learner positive
feedback to reinforce a specific behavior and make a sug-
gestion for improvement.

■ The feedback should be behaviorally focused—a descrip-
tion of the specific action performed (“The way that you
followed up on the history of alcohol use by quantifying
the amount the patient drinks was helpful in revealing
the potential impact of alcohol abuse on the cirrhosis”)
rather than generalizing with adjectives such as “great
history” that do not reinforce specific behaviors.

■ Feedback should be based on direct observation whenever
possible. Because residents conduct daily walk rounds

76 Section I: General Issues in Hospital Medicine

TABLE 11.5
GIVING CONSTRUCTIVE FEEDBACK 
AND MAKING RECOMMENDATIONS FOR
IMPROVEMENT

• Ask the learner to self-assess. Questions like “How did you feel
about your code discussion with the patient?” encourage
reflection and often prompt the learner to articulate concerns
shared by the attending.

• Focus on behaviors, not the person. Instead of saying, “Your
presentation style is too slow,” feedback could be phrased: “By
identifying the pertinent positives and negatives in this patient’s
physical exam, you can omit the other parts of the exam, like the
neurological and skin, to shorten your presentation.”

• Label the feedback “constructive” instead of “negative.”
Highly skilled trainees may not have any negative aspects of their
performance, but all clinicians at any level of training can make
improvements with guidance.

• Suggest a plan for improvement. Critical feedback is more
readily accepted if it is made as a recommendation for
improvement and phrased in the future tense rather than as a
reprimand. For example, “Next time you encounter a problem
like this, I have found it helpful to do . . . .” This phrasing turns
feedback into teaching.

• Use the feedback sandwich to give frequent feedback that
routinely includes reinforcing comments and a suggestion for
improvement. By making constructive comments a regular part
of your feedback, you help learners to expect a useful tip along
with praise.
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with interns and students, residents are ideally situated
to observe the team members’ clinical skills and critical
thinking, following each learner’s progress over time. At-
tendings often hear about and discuss patients in a con-
ference room, and then infer a trainee’s history and phys-
ical examination skills from the way that findings are
presented. By directly observing their interaction with
the patient, the resident and attending learn how the in-
formation was obtained and can give specific feedback in
real time.

■ Frequent feedback will increase the effectiveness by allow-
ing trainees to quickly modify their behavior before the
next observation.

■ Establish a schedule for more formal feedback. Schedule pe-
riodic (e.g., every two weeks or midway through a rota-
tion) longer meetings to give more detailed feedback
that serves as a summary of the work to date and an op-
portunity to set future learning goals. Focus feedback on
key objectives of the clerkship or rotation, as well as gen-
eral areas of inpatient performance. The final feedback
meeting doubles as an evaluation of the rotation and
feedback for upcoming rotations.

■ The feedback sandwich is a time-honored format to ensure
balanced inclusion of both positive and constructive
feedback—begin with positive and reinforcing com-
ments, follow with correction of any errors and sugges-

tions for improvement, and end with praise. It has its
place, but effective teachers also find opportunities for
unambiguous reinforcing and, when needed, construc-
tive feedback to their trainees (15). Many teachers find it
uncomfortable to give constructive feedback. Teachers
may feel guilty, or worry that the negative feedback may
generate more work in dealing with learner resentment.
Steps to make the process of constructive feedback more
routine are described in Table 11.5.

■ Another challenge confronted by teachers is learning of a
trainee’s problems second-hand—from another team
member, nurse, patient, or family member. The attending
may be tempted to dismiss the situation because he or
she didn’t directly witness it or because it will be uncom-
fortable to address, thereby missing a key learning mo-
ment. The challenge is to use the concern as an opportu-
nity for teaching and feedback without seeming to take
sides or misinterpret limited information (Table 11.6).

CONCLUSIONS

The successful inpatient team leader, whether attending or
resident, provides a carefully planned experience infused
with enthusiasm and active learning. Clarification of expec-
tations at the outset establishes a fair and respectful team
dynamic. Highly effective inpatient teaching methods pro-
mote critical thinking through bedside interaction and
feedback, carefully worded probing questions, and teaching
scripts. Self-assessment is a crucial skill that the attending
and resident can instill by providing frequent feedback and
ensuring that learners reflect on their own performance.

KEY POINTS

■ The inpatient attending should set clear expectations
with the team at the start of the rotation regarding pa-
tient care, learning, and feedback.

■ Teaching methods on the inpatient wards should stimu-
late critical thinking and actively involve learners.

■ The attending can promote reflection among learners by
prompting self-assessment and by providing frequent,
behaviorally focused feedback.
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Take the following steps with the learner:
1. Describe the information you received tentatively and avoid

drawing conclusions.
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Assessment and 

Improvement of 

Quality and Value
Robert M. Wachter Niraj L. Sehgal

INTRODUCTION

The search for value, best described as quality divided by
cost, dominates our purchasing decisions. When searching
for a car, who would want the cheapest car if there were no
guarantee that it was reasonably reliable? Conversely, who
could afford the highest quality car if it cost hundreds of
thousands of dollars? The goal is to optimize value by
weighing quality and cost while being mindful of monetary
constraints. The same approach is generally used when
planning a vacation, choosing a college, and deciding
where to have dinner.

The fact that health care purchasing decisions have not
been made on the same basis is an anomaly, primarily ex-
plained by the fact that health insurance traditionally insu-
lated both physicians and patients from the cost of care. As
a result, it was not until payers—primarily business and
government in the United States—decided that health care
was too expensive that serious efforts were undertaken to
rein in the denominator of the value equation. As for the
numerator, the system had neither the tools nor the re-
sources to measure quality effectively. The dominant
assumption among patients and purchasers was that all
doctors and hospitals provide high quality care, despite the
reality that most physicians could easily name colleagues
and institutions that they would never consider using, es-
pecially if they were sick.

This chapter begins by defining value and its elements,
including quality. It highlights problems in health care
value, describes how value can be measured, and ends with
discussion about how it can be improved.

DEFINING VALUE

One way to consider quality in the context of health care is
to separate it into two components—clinical quality and pa-
tient satisfaction (Figure 12.1). This dichotomy produces
two entities that are easier to measure and ultimately more
amenable to improvement efforts.

The pioneering work of Donabedian (1) on the quality
of health care further refined the concept of clinical quality
by dividing it into three elements—structure, process, and
outcomes. Structure refers to how care is organized: Does the
hospital use hospitalists or primary care physicians to pro-
vide inpatient care? Is the intensive care unit open or
closed? Is there a designated stroke service? How are the
physicians compensated? Process refers to what was done:
Did the patient receive a �-blocker and aspirin after the my-
ocardial infarct? Was the asthma teaching record com-
pleted at discharge? Outcomes refer to what happened: Did
the patient live or die? Was the glucose controlled? Did the
vessel remain patent? Structure, process, and outcomes are
all important in understanding clinical quality, but each
has certain advantages and disadvantages when used as a
measurement tool (Table 12.1).

The measurement and improvement of patient satisfac-
tion are discussed in Chapter 14. It is worth noting that an
assessment of value might consider the satisfaction of “cus-
tomers” in addition to that of patients. For example, a hos-
pital trying to market its services to a group of primary care
physicians would be well advised to survey such physicians.
Similarly, a teaching hospital may need to consider how
best to optimize not just clinical quality but also education,

12
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and so it should survey its trainees regarding their satisfac-
tion (2). Finally, in light of the large national nursing short-
age, increasing numbers of hospitals now pay considerable
attention to the satisfaction of their nursing workforce (3).

MEASUREMENT OF QUALITY 
AND VALUE

The innovative studies of Wennberg and Gittelsohn (4),
which demonstrated wide and clinically indefensible vari-
ations in clinical care, coupled with a breathtaking health
care inflation rate throughout the 1970s and 1980s, led
many to question the quality and value of health care in the
United States. Concerns were further heightened by the
publication of data demonstrating a high rate of iatrogene-
sis and avoidable error in hospital care (5) (Chapter 20).
These concerns led to a new emphasis on measuring the el-
ements of value to allow for more informed consumer
choice, catalyze quality improvement efforts, and meet reg-
ulatory demands. The measurement efforts were given even
more urgency by the growth in capitation in the 1990s, a
payment model that can provide strong incentives to with-
hold potentially beneficial care from patients (6).

Prompted by these forces, the health care industry has
developed standard “report cards” that measure the ele-
ments of value (7). The first influential report card, the
Health Plan Employer Data and Information Set (HEDIS),
developed by the U.S. National Committee for Quality As-
surance, largely focused on process measures in the ambu-
latory environment (8). The focus on process was under-
standable: when compared with outcomes, processes are
easier to measure, take far less time to develop, and are less
demanding of case-mix adjustment (9) (Table 12.1). It is
relatively easy to measure whether all diabetics had glyco-
hemoglobin tests and all women had Papanicolaou smears
and mammograms at the appropriate ages and intervals. It
is far more challenging, costly, and time-consuming to as-
sess the quality of diabetic care by measuring outcomes,
such as incidence of renal dysfunction or blindness.

HEDIS’s focus on the ambulatory environment was also
understandable. In hospitalized patients, even determining
what outcomes to measure is problematic. Commonly
measured outcomes in complex hospitalized patients, such
as mortality and readmission rates, are important but
clearly capture only a small part of the picture. Moreover,
in the case of mortality, a well-orchestrated death in the
hospital may in fact reflect a superb quality of care (Chap-
ter 19).

Over the past few years, a growing number of organiza-
tions committed themselves to developing and disseminat-
ing quality measures for hospital care. This practice is of
particular interest because patients may care more about
how a system or physician cares for them when they are
sick compared to when they are relatively well (10). The or-
ganizations involved in inpatient quality measurement in-
clude regulatory agencies [such as the Joint Commission on
Accreditation of Healthcare Organizations (JCAHO)], pay-
ers [such as the Center for Medicare and Medicaid Services
(CMS) and several large private insurers], joint public-
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Figure 12.1 The health care value cascade.

TABLE 12.1
A COMPARISON OF THE THREE TYPES OF CLINICAL QUALITY MEASURES

Measure Short definition Advantages Disadvantages

Structure How was care organized? • May be a highly relevant variable • May fail to capture the quality of
in a complex health system care provided by individual physicians

• Difficult to determine the “gold standard”
Process What was done? • More easily measured and acted • A proxy measure for outcomes

on than outcomes • All may not agree on “gold standard”
• May not require case-mix processes

adjustment • May promote “cookbook” medicine,
• No time lag—can be measured at especially if physicians and systems try to

the time care is provided “game” the report card
• May directly reflect quality

(if carefully chosen)
Outcomes What happened? • What we really care about • May take years to occur

• May not reflect quality of care
• In need of case-mix and other adjustment

Value = Quality
Cost

Health care quality = clinical
quality x patient satisfaction

Clinical quality can be assessed in
terms of structure, process, and outcomes 
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private partnerships [mainly the National Quality Forum
(NQF)], and representatives of business coalitions (best il-
lustrated by the “Leapfrog Group,” a healthcare advocacy
group representing many of the Fortune 500 companies).
As one can imagine, although each group shares a commit-
ment to promoting quality, each has a slightly different
agenda and a different set of carrots and sticks with which
to promote it. For example, while JCAHO measures tend to
be process-oriented, emphasize patient safety, and carry the
threat of regulatory action for noncompliance, Leapfrog
measures tend to be structural (for example, does the hos-
pital have computerized physician order entry?), focus on
both safety and quality, and carry little weight of enforce-
ment but the possibility of shifts in market share (and ulti-
mately differential payment) based on performance. Not
surprisingly, hospitals that generally lack a tradition of (or
infrastructure for) quality measurement and transparency
suddenly find themselves struggling to keep up with bur-
geoning reporting requirements and to prioritize their
nascent quality improvement efforts.

Table 12.2 shows some of the existing inpatient quality
measures. Although it is a selected list, its scope and
breadth reflects how far the inpatient quality initiative has
come in a short period. A perusal of the table demonstrates
several trends. First, whereas prior quality measures fo-
cused on processes, an increasing number of outcome mea-
sures are being added. The degree to which such measures
reflect true quality will depend on the adequacy of case-mix
adjustment. Second, process measures are rapidly being
developed for common inpatient diagnoses, building on
the successful experience of cardiology (e.g., �-blockers and
aspirin in patients with MI) to add process measures for
disorders such as pneumonia, stroke, and asthma. Third,
the notion of prevention, previously considered exclusively
to be an ambulatory issue, is now increasingly being tied to
hospital care. Partly because such prevention strategies are
easy to understand and do not require case-mix adjust-
ment, many new quality measures seek documentation of
smoking cessation counseling, appropriate vaccinations,
and prescriptions for preventive medications, such as
statins, during a hospital stay. Finally, the list illustrates the
chaotic state of quality measurement from the standpoint
of the individual hospital, and why many hospitals are reel-
ing trying to keep up with the reporting demands.

The science of risk adjustment has advanced to the point
that it now adequately accounts for differences in com-
plexity in stereotypic patients undergoing single proce-
dures such as coronary artery bypass grafting (11), al-
though even well-constructed adjusters may be greeted
skeptically by clinicians (10). Far more difficult is trying
to capture the quality of hospital care for patients with
multiple medical disorders, such as those with both dia-
betic ketoacidosis and community-acquired pneumonia.
Although notable progress has been made in the science
of risk adjustment and outcomes measurement, much
more remains to be done (9). An inadequate methodol-

ogy of risk adjustment gives hospitals and health systems
a potent incentive to recruit healthy patients (“cherry
picking”) or a ready-made excuse for poor outcomes (“my
patients are older and sicker”).

The methodologic issues in the measurement of cost
and resource use are covered in Chapter 9. Two issues
bear emphasis. The discussion of risk adjustment pre-
sented above is relevant to the consideration of costs as
well as outcomes. A group of physicians caring for sicker
patients than another group of comparable quality and ef-
ficiency would be expected to have both higher costs and
poorer outcomes. An effective adjustment method would
be needed to level the playing field in terms of both the
numerator and denominator of the value equation. Sec-
ondly, the issue of cost shifting needs to be considered in
assessing the value of certain services. For example, an in-
tervention that led to shorter hospital stays and lower hos-
pital costs might appear to improve health care value (as-
suming stable outcomes and satisfaction); however, if the
intervention led to costs that were simply displaced to the
skilled nursing facility or home, the savings might be illu-
sory. Integrated systems, in which care is delivered across
a continuum within the same organization (Chapter 4),
may have an advantage in their ability to detect such cost
shifting and ensure that overall value has truly been
improved.

QUALITY AND VALUE IMPROVEMENT

Changing Physician Behavior

Although physician salaries make up 15% of the Ameri-
can health care dollar, their activities generate 85% of the
expenditures, leading to the maxim that “the physician’s
pen is the most expensive piece of technology in the hos-
pital.” Greco and Eisenberg (12) described six ways to
change physician behavior: education, feedback, adminis-
trative rules, financial incentives, financial penalties, and
participation by physicians in efforts to bring about
change. All are relevant to efforts to improve value in the
hospital.

Educational efforts include continuing medical educa-
tion, dissemination of practice guidelines, and “academic
detailing.” In general, studies have shown that continuing
medical education leads to no changes in patient outcomes
and relatively small changes in practice behavior. Well-
designed practice guidelines, especially if locally developed
and implemented, can influence physician behavior signif-
icantly (Chapter 13). Similarly, academic detailing—in
which specific physicians are engaged in the process of ed-
ucating their peers—can be quite effective, especially when
such physicians are opinion leaders in their institutions
(13). The degree to which physician participation in con-
tinuing education and/or demonstration of up-to-date
knowledge (as evidenced by board recertification) reflects
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quality is the subject of ongoing debate; there is little
doubt, however, that the public perceives it as such (14).

Feedback involves providing physicians with informa-
tion about their performance in an effort to improve their
performance. Often, there is an implied “gold standard” or
“benchmark” against which physicians are compared. The
number of national and regional benchmarks related to
outcomes and resource utilization that are available for
comparison is increasing. Examples include the University
HealthSystem Consortium’s clinical database, the Centers
for Disease Control and Prevention’s National Nosocomial
Infection Surveillance System (NNIS), and the number of
bed-days per thousand population recorded by most man-
aged care organizations. Evidence regarding feedback
shows that it can influence practice patterns but its effect is
often short-lived. Feedback loops embedded in computer-
ized information systems are likely to have more lasting ef-
fects (Chapter 10).

Administrative rules are increasingly being used to influ-
ence physician behavior and promote structural changes.
Managed care organizations were early adopters of such
rules to control costs and decrease variations. As the public
became more concerned about the impact of aggressive
cost cutting, a spate of governmental regulations emerged
covering everything from hospital stays for childbirth to
emergency department admissions criteria. Such rules may
influence behavior but carry the risk of increasing the “has-
sle factor” for practicing physicians, and displacing patients
from their usual sources of care. Examples of administra-
tive rules include utilizing high-volume providers to
perform procedures (15) and reorganizing hospital or crit-
ical care services to improve availability and expertise
(2,16,17).

Financial incentives and penalties are also used increas-
ingly to modify physician behavior. Although payment
methods that motivate physicians to withhold care raise
considerable concern (such as capitation arrangements
with shared-risk pools), the incentives in fee-for-service ar-
rangements also represent a cause for concern, since
physicians are paid more to do more. Controversy contin-
ues to exist about whether managed care and capitation
harm or improve overall quality and value (6), although
it is clear that reimbursement changes do influence prac-
tice behavior (18).

Perhaps the most important method of achieving
sustainable change in health care practices is to encourage
providers to participate themselves. This notion was recog-
nized long ago by W. Edward Deming, who promoted
the concept of continuous quality improvement (CQI), pred-
icated on a continuous flow of information from the
process to the providers. These concepts have been
adapted to the health care system during the past decade.
In this conceptual model for quality improvement activi-
ties, all the participants engage in a continuous cycle of
changing, measuring, and changing again (19) (Figure
12.2). In a stunning example of CQI in action, 23 cardio-

thoracic surgeons participated in a three-component inter-
vention that included training in CQI techniques, feed-
back on outcome data, and site visits to other medical
centers. As a result, there were 74 fewer deaths (a 24% re-
duction) than the expected rate following the intervention
period (20).

Pay for Performance

As noted earlier, the last few years have seen an explosion
in public quality reporting efforts. Such efforts try to moti-
vate change by dint of transparency: the hope is that by
simply reporting comparative performance on quality met-
rics, organizations and providers will seek to improve their
performance. The evidence that this strategy is effective in
motivating change is mixed (21, 22).

However, discouraged by the slow pace of change and ev-
idence of poor performance on many quality measures
(23), a newer trend goes beyond public reporting to linking
compensation to quality performance.(24) As of this writ-
ing, an estimated 40 pay-for-performance (PFP) programs
have been developed or implemented by health plans and
employer coalitions.(25) Most programs involve a “report
card” to evaluate providers and groups around designated
quality standards, including rates of screening for cervical
and breast cancer, markers of management for patients with
diabetes and heart disease, and specific patient-satisfaction
scores. A number of different incentive strategies have been
employed, ranging from paying a “quality bonus” to
providers who achieve certain performance goals to linking
patients’ deductible and copayments to providers’ perfor-
mance (26). Perhaps the most prominent example is Medi-
care’s Premier Hospital Quality demonstration project, in
which a group of hospitals are submitting data on patients
treated for several conditions, including acute myocardial
infarction, community-acquired pneumonia, and coronary
artery bypass surgery.(27) Hospitals whose performance

84 Section I: General Issues in Hospital Medicine

Figure 12.2 Berwick’s model for quality improvement, empha-
sizing the iterative process of change. (From Berwick D, Nolan T.
Physicians as leaders in improving health care: a new series in An-
nals of Internal Medicine. Ann Intern Med 1998;128:289–292.)
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matches evidence-based performance standards will receive
an extra 2% in Medicare payments per condition. Many sim-
ilar programs are under consideration.

The impact of PFP programs is as yet unstudied. We be-
lieve that, depending on the extent of their spread and the
magnitude of the incentives, they are likely to motivate im-
proved performance by individual providers and systems.
The latter issue is extremely important: physicians whose
practices are supported by electronic medical records with
automatic alerts and robust decision support are likely to
perform better, especially on relatively straightforward, al-
gorithmic metrics such as ordering certain tests or medicines
at the right time (Chapter 10). Of course, such PFP programs
may have the perverse effect of lowering reimbursements to
healthcare systems that lack information technology, mak-
ing it even less likely that the systems will be able to afford
the purchase of the needed computers and infrastructure. It
will be vital to study the impact of PFP systems to ensure that
they are achieving their intended effects.

Other Recent Trends in Quality Improvement

Whether motivated by a professional desire to change,
comparative report cards, or pay for performance, hospitals
and physicians have come to recognize the inadequacy of
traditional, education-based quality improvement strate-
gies. Increasingly, systems are embracing more active and
engaging endeavors to impact practice behaviors. Many
successful projects have begun by recognizing that reliance
on a physician’s memory fails to ensure uniform adoption
of evidence-based practices. Instead, such projects focus on
“hard-wiring” quality improvements. Examples include the
use of computer-generated clinical decision-support in an-
tibiotic selection for patients admitted with pneumonia,
automatic reminders to provide tobacco cessation counsel-
ing and influenza vaccinations, and ventilator manage-
ment algorithms that are independently executed by respi-
ratory therapists (28). Finding the right balance of “hard
wired” approaches to ensure flawless execution of quality
strategies while preserving physician autonomy in more
complex and less algorithmic situations will be one of
medicine’s great challenges over the next decade.

CONCLUSIONS

Former New England Journal of Medicine editor Arnold Rel-
man (29), writing in 1988, predicted that the American
health care system was leaving the eras of expansion of care
(1940s to 1970s) and cost containment (1980s) and enter-
ing a third era of assessment and accountability. This new
era, he wrote, would be one in which measurement of value
would become standard practice, and in which patients and
purchasers would make their decisions based on such mea-
surements. In this environment, physicians and the systems
in which they work would be strongly motivated to assess

value continuously and work tirelessly to improve it. Al-
though Relman may have been optimistic in his timing, the
activities in the past few years by regulators such as JCAHO,
business coalitions such as the Leapfrog Group, and payers
such as the Center for Medicare and Medicaid Services
(CMS) to measure, promote, and reward quality—and the
extent to which hospitals and providers are increasingly par-
ticipating in activities to improve value—may mean that
Relman’s vision may finally be realized.

The questions no longer are about whether there will
be quality measurement of hospitals and their providers.
Rather, they increasingly relate to the methodology of
measures (what is the right combination of measures that
are evidence-based vs. expert consensus-derived?), the or-
ganizational and logistical aspects of measurement (par-
ticularly, can measurement sets be consolidated to a man-
ageable group that all stakeholders will accept?), and the
appropriate combination of carrots and sticks to promote
full implementation. In these chaotic early days, it can be
easy to forget that the final outcome of the quality mea-
surement movement will undoubtedly be improved pa-
tient care and better outcomes.

KEY POINTS

■ Health care purchasing decisions will increasingly be
made based on assessments of value, defined as quality
divided by cost.

■ Quality in health care may be thought of as a product of
clinical quality (assessed according to structure, process,
or outcomes) and patient satisfaction.

■ Although outcome measurements may ultimately be
more salient than process measurements, they are more
difficult to acquire; furthermore, correct interpretation of
outcome measures is highly dependent on adequate
case-mix adjustment.

■ A number of strategies (including education, feedback,
regulation, and incentives) can be used to change physi-
cian behavior. Those that actively engage providers
themselves in the process of change tend to be the most
successful.

■ There is a burgeoning trend of public reporting of doc-
tors’ and hospitals’ quality measures, increasingly
accompanied by economic incentives that reflect perfor-
mance.

■ In part to meet these demands, a new trend is to “hard
wire” quality improvements by fundamentally altering
the processes of care, rather than depending on the
physicians’ execution of the correct processes.
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Practice Guidelines and

Clinical Pathways
Scott Weingarten

INTRODUCTION

Practice guidelines and clinical pathways have been devel-
oped by scores of health care and physician organizations
in many countries. The dramatic proliferation of guidelines
and pathways and the widespread enthusiasm surrounding
their development is fueled by the belief that the adoption
of guidelines and pathways can lead to a more systematic
and consistent approach to the delivery of patient care and
result in improved quality and reduced health care costs.
Newer approaches to clinical quality improvement, includ-
ing the use of health care information technology, may be
replacing paper-based strategies. Such technology may fa-
cilitate the electronic delivery of clinical pathways, practice
guidelines, and clinical decision support, creating a more
sustainable strategy for improving patient care for diverse
populations of patients (1).

VARIATIONS IN MEDICAL CARE

In the past, the strongest influence on medical decisions was
the beliefs of individual physicians, formed by their
experience, medical training, and understanding of the
scientific literature. However, the sheer volume of medical lit-
erature has made it virtually impossible for any physician to
remain current (2). Currently, physicians spend about one
third of their day reviewing, interperting, and integrating clin-
ical information (3). Estimates suggest that more than
100,000 medical research articles are published every month
in 20,000 different medical journals, and there are more than
200,000 randomized controlled trials indexed in MEDLINE
alone. It is not surprising, then, that individual clinicians are
often overwhelmed by the amount of available clinical
information.

A variety of studies have demonstrated frequent and un-
explained variations in medical care. For example, lengths of
stay for patients with pneumonia have been shown to vary
from one geographic region to another, from hospital to hos-
pital, and even from ward to ward within the same hospital
(4). Differences in length of stay have been found to persist
even after case complexity and other known patient-related
factors are taken into consideration. Many of these variations
are believed to result from differences in physician practice
style and are unrelated to patients’ medical conditions or
preferences.

Although some variation in medical care may be desir-
able, variations can also compromise care, especially
when care deviates from the best course of treatment
based on the scientific evidence. For example, studies have
demonstrated significant interhospital variations in the
“door-to-needle” time for the administration of throm-
bolytic therapy in patients presenting to an emergency
department with acute myocardial infarction (5). This
variation may reflect differences in approaches to therapy
and the time required for informed patient decision
making, but delayed administration of thrombolytic ther-
apy can increase mortality rates. Delayed administration
of antimicrobial therapy for patients hospitalized with
community-acquired pneumonia was associated with in-
creased mortality, and there are wide regional variations
in the time to administer antibiotics to such patients (6).
Similarly, underutilization of �-blockers and aspirin
among selected patients recovering from acute myocardial
infarction can result in higher patient mortality. Finally,
underuse of angiotensin-converting enzyme inhibitors
and angiotensin receptor blockers in appropriate patients
with congestive heart failure is associated with reduced
survival and increased hospitalization rates. Therefore,
variations in medical care can be associated with

13
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preventable deaths, and such variations continue to pro-
voke concern in the medical community.

DEVELOPMENT OF PRACTICE
GUIDELINES AND CLINICAL PATHWAYS

A variety of approaches have been employed to reduce un-
desirable variations in medical care and to make medical
care more consistent with the published scientific evidence.
These approaches have included the creation and dissemi-
nation of practice guidelines, clinical pathways, clinical decision
support, protocols, and care maps. Practice guidelines have
been defined as “systematically developed statements to as-
sist practitioner and patient decisions about appropriate
health care for specific clinical circumstances” (7). Ideally,
evidence-based guidelines and clinical pathways would in-
tegrate, organize, and summarize the available information
for a condition and allow busy clinicians to wade efficiently
through it. Additionally, the information would be up-
dated regularly to allow even the busiest of clinicians to re-
main relatively current. Although the terminology and
nomenclature will undoubtedly change, the basic premise
of codifying and expressing a somewhat uniform approach
to caring for patients that reflects the most up-to-date and
relevant scientific evidence should be enduring.

Guidelines and clinical pathways are often developed
for high-volume and costly medical and surgical condi-
tions. For example, many institutions have developed
guidelines and pathways for conditions such as acute my-
ocardial infarction, congestive heart failure, acute ischemic
stroke, total hip replacement, coronary artery bypass graft,
and community-acquired pneumonia. The conditions are
prioritized because changes in care for the most common
conditions carry the greatest potential to improve patient
care and reduce health care costs, and are scrutinized by
regulatory organizations and payers.

Thousands of guidelines have been funded by subspe-
cialty organizations, such as the American Heart Association
and the American College of Cardiology, and countless local
organizations. There are probably more than 2,000 pub-
lished guidelines, and far more have been developed and
disseminated within local health care organizations without
wider distribution.

Many of these guidelines have been based on study of
integrative articles (systematic reviews, meta-analyses, and
decision analyses), thorough review of the primary litera-
ture, or both (see Chapter 8). Some guidelines rely to a
greater extent on scientific evidence, others are primarily
based on expert opinion, and still other guidelines blend
these two approaches. Whichever method is used, it can be
important to identify explicitly and grade the sources of key
recommendations (Table 13.1). Different sources of and
approaches to guidelines may engender different levels of
confidence. For example, guidelines developed by a trusted
subspecialty organization using scientific evidence may be

considered more credible by physicians than guidelines
developed by a health insurance company or by persons
viewed as having a significant financial stake in the course
of patient care (8). In any case, guidelines rigorously based
on scientific evidence may be considered more credible and
less subject to bias than guidelines based solely on expert
opinion.

Clinical pathways are management tools that have been
used in many industries outside the health care arena (9).
Traditionally, they have been employed to describe the
goals of work flow processes and the sequencing of events.
The perceived success of clinical pathways in these indus-
tries has led to the belief that a similar approach could
improve patient care. Sometimes, they will embed practice
guidelines, which include information about the appropri-
ateness of care in addition to the sequencing of care. Clini-
cal pathways are charted with time displayed along the x-
axis. Many guidelines and clinical pathways are developed
through a multidisciplinary approach, which includes
physicians, nurses, pharmacists, and other ancillary per-
sonnel. In many cases, a goal of the clinical pathway is to
replace existing documentation, allowing nurses (and
sometimes physicians) to document care on the pathway
rather than the progress notes. However, many health care
providers also believe that the delivery of patient care is
unique, complicated, and not readily suited to industrial
strategies for automating work flow “processes.”

The purchasers of health care (e.g., employer groups)
and the payers (e.g., health plans, Center for Medicare and
Medicaid Services) are demanding accountability for the
quality of care received by patients. Purchaser efforts to
document the quality of care and outcomes include the
Health Plan Employer Data and Information Set (HEDIS)
measures developed by the National Committee on Qual-
ity Assurance, and several others. Some payers have asked
contracting provider organizations (e.g., hospitals, physi-
cian organizations) to document their care in “pay for per-
formance” or incentive-based reimbursement programs

88 Section I: General Issues in Hospital Medicine

TABLE 13.1
AN EXAMPLE OF AN EVIDENCE 
GRADING SYSTEM

Grade A Randomized, prospective, controlled trials
Grade B Non-randomized, prospective trial
Grade C Retrospective analyses
Grade E Expert opinion unsubstantiated by higher levels of 

evidence
Grade M Meta-analyses
Grade Q Cost-effectiveness/decision analysis
Grade S Systematic reviews

Adapted from Greengold NL, Weingarten SR. Developing evidence-
based practice guidelines and pathways: the experience at the local
hospital level. Jt Comm J Qual Improv 1996;22:391–402, with
permission.
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(see Chapter 12). It is likely that the use of guidelines and
clinical pathways will become even more common as the
movement to measure and report quality indicators con-
tinues to grow.

EFFECTIVENESS OF PRACTICE
GUIDELINES AND CLINICAL PATHWAYS

Although significant effort and resources have been de-
voted to the creation and dissemination of guidelines,
relatively little is known about whether this effort has im-
proved patient care and whether the benefits of these
efforts have justified the cost of development and imple-
mentation. However, the published literature supports the
hypothesis that care can be improved through the use
of practice guidelines. A rigorous evaluation of 59 studies
on the topic demonstrated that guidelines have led to
documented improvements in patient care (10). Of the
eleven studies that specifically examined patient outcomes
(which reflect what happens to the patient as a result of
care), nine demonstrated beneficial effects of guidelines.

There are even fewer published peer-reviewed studies
evaluating the effects of clinical pathways on clinical prac-
tice or demonstrating a significant improvement in patient
outcomes as a result of their implementation. Although
some studies have shown reductions in length of stay fol-
lowing the introduction of a clinical pathway, the relative
contributions of the pathway and of secular trends that
may have been occurring independently of the clinical
pathway are not known. Given the dearth of evidence sup-
porting the use of pathways, at present it is unclear whether
the cost of developing and implementing them can be
justified.

One traditional challenge of implementing practice
guidelines and clinical pathways is that paper-based strate-
gies (e.g., paper-based standing orders, paper reminders on
the front of charts) are laborious and costly to implement
on an ongoing basis. Furthermore, it is difficult to “build”
paper-based guidelines and pathways to encompass multi-
ple conditions and procedures across a hospital setting.
Also, many hospitalized patients have multiple comorbid
conditions, and paper-based guidelines and order sets can
potentially oversimplify the care of these complex patients.

One additional problem with evaluating the effects of
guidelines and clinical pathways on patient care has to do
with the methodologic difficulties associated with con-
ducting scientifically credible studies. Randomized, con-
trolled clinical trials are the “gold standard” for evaluating
the safety and efficacy of drugs. Although it would be de-
sirable to test guidelines and clinical pathways in a simi-
larly rigorous manner, the use of clinical trials to assess
“systems” of caring for patients poses significant chal-
lenges. For example, multiple changes are often instituted
simultaneously, which makes it difficult to isolate the im-
pact of guidelines or pathways on patient care. Moreover,

contamination of patient groups may occur, as it is not pos-
sible to prevent physicians caring for control patients from
familiarizing themselves with the guidelines and applying
them to the care of their patients.

CARE OF THE HOSPITALIZED PATIENT

The potential of practice guidelines to improve patient care
may depend on whether they are based on firm scientific
evidence, are easy to understand, include actionable state-
ments, and are implemented in an effective manner. Be-
cause many guidelines express ambiguous statements, their
impact on patient care is limited. For example, a guideline
that recommends that patients be transferred out of the
intensive care unit when they are stable will probably have
little effect on patient care.

The key to improving care through the use of guidelines
and clinical pathways is successful implementation. Many dif-
ferent strategies can be employed to facilitate the
widespread dissemination and effective implementation
of practice guidelines. For example, continuing medical ed-
ucation is often used to introduce guidelines, although a
number of studies suggest that conventional forms of
continuing education rarely produce sustained changes in
clinical practice. Providing retrospective feedback to physi-
cians, in the form of comparisons with peers or other
appropriate benchmarks, may prove more helpful, but
most studies demonstrate a modest impact. “Academic de-
tailing,” or one-on-one encounters with clinicians, has
been shown to change physician behavior, but is costly
(11). A strategy that can be effective is when those dissem-
inating the guidelines are regarded as “opinion leaders” by
their peers. Guidelines can also be implemented through
reminders from case managers or other appropriate non-
physician personnel. Hospitalists who are faithfully com-
mitted to the use of guidelines and pathways and may have
participated in their development can facilitate the success-
ful implementation of guidelines by serving as effective
messengers for the rest of the medical staff. Intensivists can
serve in comparable roles in the critical care unit.

Many published examples have shown that guidelines,
when disseminated and implemented effectively, can im-
prove patient care. For example, a guideline was developed
at Cedars-Sinai Medical Center in Los Angeles to risk-
stratify patients hospitalized for upper gastrointestinal
hemorrhage (12). The guideline was based on patient
hemodynamic parameters, endoscopic findings, comorbid
conditions, and time elapsed since the initial bleed. A ret-
rospective study found that the guideline accurately identi-
fied patients who were at low risk for rebleeding and might
not benefit from continued and prolonged hospitalization.
Based on the risk information, the guideline prescribed a
specific day of discharge for each patient. When tested
retrospectively, the guideline would have significantly
reduced hospital length of stay while preserving excellent
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patient outcomes had it been applied to patient care. When
the guideline was later applied in clinical practice, hospital
length of stay declined from 4.6–2.9 days (mean reduction
of 1.7 days per patient, p �.001) (12). Moreover, patient
outcomes, including hospital readmission rates, emergency
department visits, and health-related quality of life, re-
mained unchanged when measured 1 month after dis-
charge from the hospital.

Information technology has great potential to facilitate the
implementation of guidelines and clinical pathways, and
represents an important aspect of the future of clinical
quality improvement. Studies involving computerized clin-
ical decision support have shown important improvements
in care (13). When information is made available to physi-
cians while they are caring for patients (at the “point of
care”), it becomes easier for them to apply the guidelines in
the care of individual patients. Information technology is
particularly helpful since most guidelines are too complex
to be committed to memory, and effective guidelines un-
dergo frequent revision based on new published evidence
and local experience. Computerized entry of provider or-
ders can integrate guidelines and other recommendations
into the routine patient care work flow, and can enable de-
ployment of multiple guidelines and pathways at the same
time (see Chapters 10 and 12).

Providing alerts and reminders to physicians while they are
caring for patients by using rules-based logic has often
proved to be an effective strategy. For example, there is evi-
dence that early antibiotic treatment may be beneficial for
patients with community-acquired pneumonia. In the case
of a patient presenting to an emergency department, clinical
decision support embedded in an information system might
notify a physician about the benefits of early antibiotic treat-
ment immediately after a patient with community-acquired
pneumonia is hospitalized. A similar intervention in which
computer-assisted prescribing of antibiotics was used for in-
tensive care unit patients led to significant reductions in
length of stay, costs, and mortality rates (14).

Therefore, as computerized provider order entry and the
electronic medical record become more prevalent, they are
likely to play an even more substantial role in the imple-
mentation of practice guidelines and clinical pathways. The
guidelines and pathways may be expressed electronically as
clinical decision support, order sets, alerts, reminders, and
structured documentation. Published studies are encourag-
ing regarding the impact of health care information tech-
nology with clinical decision support on the quality of
patient care.

Studies have also explored and demonstrated the poten-
tial pitfalls of applying guidelines. For example, if the focus
of a guideline or pathway is too narrow, it may not lead to
improved outcomes. A study of congestive heart failure pa-
tients that focused only on the decision regarding the most
appropriate time to transfer them from the intensive care
unit or intermediate care unit to an unmonitored bed
found little net benefit (15). In fact, while lengths of stay in

monitored settings decreased as a result of an increased em-
phasis on transferring patients out of the coronary care
unit, length of stay in unmonitored settings increased, and
total length of stay actually increased. As more rigorous
studies of guidelines and clinical pathways are published,
we can expect to see more evidence regarding both their
benefits and limitations.

Many clinical pathways include information on ex-
pected length of stay. However, these figures may be de-
rived from “benchmark” information from other institu-
tions, which may include data on length of stay but no
corresponding data on quality or outcomes. For example, if
shorter lengths of stay are associated with more patient
readmissions, returns to the emergency department, and
discharges to skilled nursing facilities rather than home,
overall quality of care may have declined and overall costs
may have increased (see Chapter 12). To ensure that costs
are not simply displaced (“squeezing the balloon”) or qual-
ity compromised, studies evaluating the impact of guide-
lines and pathways should generally measure important
outcome variables, such as mortality, readmission, and pa-
tient satisfaction. They should also make efforts to rule out
cost shifting; this is most easily accomplished in integrated
systems in which patients can be tracked across the contin-
uum of care.

Another concern about the relevance of clinical path-
ways or practice guidelines to patient care is that many
medical conditions afflict a fairly heterogeneous population of
patients. For example, it may be difficult to implement
guidelines in patients with multiple comorbid conditions.
Consider how challenging it would be to develop a stan-
dardized course of care for a patient hospitalized with
community-acquired pneumonia who also has chronic
obstructive pulmonary disease, congestive heart failure,
and severe depression.

Finally, there are concerns about the medicolegal risk as-
sociated with the use of practice guidelines and clinical
pathways. The literature is inconclusive on whether guide-
lines and pathways increase or decrease medicolegal liabil-
ity (16). One study suggested that guidelines were used
more frequently by plaintiff’s attorneys against physicians
than by attorneys defending physicians. Conversely, it has
been difficult to quantify the number of cases in which
physician adherence to a guideline resulted in an attorney’s
declining to take a case. Many believe that the potential
medicolegal benefits of guidelines and pathways exceed the
risks, but this is an evolving field.

CONCLUSIONS

Many hospitals have supported the development or local
adaptation of practice guidelines and clinical pathways. Al-
though relatively little is known about whether clinical
pathways have any effect on patient care, a burgeoning
literature suggests that carefully implemented practice
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guidelines can promote high-quality, efficient patient care.
For practice guidelines to be beneficial, however, they must
be based on sound scientific evidence and implemented
in an effective manner. With the introduction of more
sophisticated clinical information systems, clinicians will
see an expansion in the development and application of
systematic approaches to caring for hospitalized patients,
including the use of practice guidelines and clinical path-
ways integrated into information systems.

KEY POINTS

■ Practice guidelines, which are “systematically developed
statements to assist practitioner and patient decisions
about appropriate health care for specific clinical cir-
cumstances,” have been demonstrated to improve pa-
tient outcomes, and lower costs.

■ Clinical pathways, which map out the process of work
flow over time, have not been convincingly demon-
strated to improve patient care.

■ A key to improving care with guidelines or pathways is
successful implementation.

■ Although many strategies have been used to assist in im-
plementation, embedding evidence-based guidelines
within clinical information systems used by clinicians at
the “point of care” holds the most promise.
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Patient Satisfaction

with Hospital Care
Haya R. Rubin

INTRODUCTION

Fifteen years ago, many physicians believed that patient
satisfaction was of no particular importance, and few hos-
pitals measured it regularly. In this era of increasing com-
petition and patient sophistication, patient satisfaction
with medical care has become an important outcome.
This transformation has been driven by a number of
forces, including (a) competition for market share among
hospitals and health systems, especially in markets where
employer coalitions are strong and managed care is preva-
lent; (b) availability to and use of information about pa-
tient satisfaction by medical care purchasers; (c) the
strong patients’ rights movement (evidenced by, among
other things, informed consent laws across the nation, the
Patient Self-Determination Act, the Patient Bill of Rights,
and the Consumer Protection Act), which stresses the
philosophical importance of patient satisfaction as an out-
come; and (d) our own awareness that physicians’ judg-
ments of technical quality of care are sometimes no more
informed than our patients’ judgments. Because of these
factors, regular measurement of patients’ experiences with
and evaluations of their health care, and efforts to im-
prove care based on the results, are now commonplace
among American hospitals’ internal quality measures.
They have also recently become part of Medicare hospital
quality monitoring efforts (1).

What is referred to here as patient satisfaction, out of
deference to popular nomenclature, should more properly
be called patient evaluation or judgment of hospital care.
Patients are usually satisfied with hospital care, but even
satisfied patients have various opinions that can be influ-
ential when they are deciding between hospitals or recom-
mending hospitals to their friends or family members.

CARE OF THE HOSPITALIZED PATIENT

Studies in the last decade have explored which dimen-
sions of care are most important to hospitalized patients
(1–3), and measurement tools reflecting these are both
publicly and commercially available. Patients’ judgments
about nursing care correlate best with their global assess-
ment of their hospital stay and their intentions to recom-
mend the hospital to others (2–4). Of particular impor-
tance is how quickly nurses respond when patients call for
a bedpan and toileting assistance or for pain medication.
The perceived quality of physician care has usually been
next, although in other countries that have long traditions
of hospital-based physicians, it has sometimes come first
(5). In the United States, nursing care probably was given
greater weight than physician care because, in the tradi-
tional American system, the attending physician in the
hospital was usually the patient’s outpatient physician.
This physician was not present for most of a patient’s
hospital day, and often was not perceived by patients as
being part of the hospital staff. Except in teaching hospi-
tals, physicians were not present enough to figure into
patients’ opinions about the hospital. Deficiencies in
physicians’ orders were often interpreted by patients as de-
ficiencies in nursing care. As the hospitalist model grows
in popularity (Chapter 1) and hospitalist physicians are
available to interact more often with hospitalized pa-
tients, their behavior will likely figure more prominently
into patient assessments of the hospital. Across all staff
groups, sensitive, respectful treatment and clear informa-
tion are highly prized by hospitalized patients.

Clinicians may be relieved to know that cosmetic
changes in the hospital environment do not impress pa-
tients in the absence of high quality care. Patients do

14
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value restful, clean, attractive environments carefully de-
signed with the needs of physically limited, ill, or postop-
erative patients in mind. Reflecting this, patients’ ratings
of noise, cleanliness, appearance of the room and unit,
design and condition of the room and bathroom, fur-
nishings, supplies, and equipment are independently as-
sociated with their global judgments and their intentions
to recommend the hospital to others. Hospitals aiming
for high patient satisfaction scores should not ignore these
aspects. However, health care environmental factors are
more weakly associated with final judgments than are
nurse and physician care and information given to pa-
tients. Therefore, unless a hospital has a very poor physi-
cal plant, successful efforts to improve care and patient infor-
mation will yield greater gains in overall satisfaction than will
remodeling. Paint, artwork, and food will not compensate
for inconsiderate staff behavior or failure to respond to
the call bell, nor for failure to give patients information
about their medical condition, treatment, and what they
should do when they leave the hospital. In contrast, pa-
tients forgive inadequate parking facilities and terrible
food in hospitals that get high ratings for physicians’ and
nurses’ skills and caring.

TECHNICAL ASPECTS OF ASSESSING
PATIENT SATISFACTION

Patient evaluations of inpatient care can be obtained in a
variety of ways. The two most popular are mailing surveys
to or calling patients discharged within the last week or
two. Surveys can also be conducted by interviewing pa-
tients or giving them a questionnaire to complete while in
the hospital or at the time of discharge. However, this re-
sults in sicker patients not being able to complete the sur-
vey, does not allow patients to evaluate the completeness
and clarity of instructions they receive about how to care
for themselves after discharge, and does not permit an
evaluation of billing services. Post-discharge surveys offer
these advantages, and provide comparable evaluation re-
sults in domains that could be assessed by both methods.

The relationship between survey length and response
rate is not linear. Surveys that take more than 15–20 min-
utes to complete are returned less often than shorter sur-
veys. However, postcards and one-page minimal surveys
are also returned less often than more comprehensive sur-
veys because patients believe that they are trivial and do not
permit useful and constructive feedback (3). Most com-
mercial surveys obtain a 40%–50% response rate from
discharged patients. Although no absolute floor for unac-
ceptable response rates can be specified, patients who are
less satisfied with their care are less likely to return their
questionnaires, so as the response rate goes down differ-
ences among hospitals or units are obscured. Thus, when
choosing between surveying a greater number of patients
or obtaining a smaller sample and devoting more resources

to follow-up, the latter is preferable as long as at least 100
responses per group will be compared.

Item wording affects results in important ways. Patient
satisfaction surveys are highly susceptible to biases created
by framing effects and insensitive response scales. Items that
ask patients for yes or no answers can obscure areas for im-
provement if the item is one in which a “no” response still
could indicate a serious deficiency with care. In addition,
such items are not sensitive to differences across the entire
spectrum of quality. It is preferable to use response scales
that allow for a wider spectrum of responses, such as one in
which answers range from “excellent” to “poor,” A to F, or 1
to 10. Double-barreled questions and questions with dou-
ble negatives are confusing and likely to elicit unreliable and
inaccurate responses (Table 14.1). Figure 14.1 gives exam-
ples of poorly worded and well-worded questions.

Hospitals that have substantial populations of patients
who do not speak English must translate questionnaires
into other languages. Competent translations require
bilingual translators and back-translation to check accuracy.
Because of cultural and language differences in the use of
rating scales, ratings obtained in another language should
not be directly compared with ratings by speakers of En-
glish, but they can be used to track improvements over time
for the segment of hospitalized patients who speak the sec-
ond language.

INTERVENTIONS TO IMPROVE PATIENT
SATISFACTION WITH CARE

Clinicians and administrators have numerous opportuni-
ties, beginning at the first moment of hospitalization, to in-
fluence and improve a patient’s experience. Patients value a
hospitalization in which they are admitted promptly from
the emergency department or the admitting office to the in-
patient unit and are treated thereafter with care and respect.

Administrators attempting to improve patient satisfac-
tion throughout a unit or service should focus on training
the staff in improving their interpersonal skills and in pro-
viding patient education procedures and materials (4). As
an example, the Johns Hopkins Department of Medicine
implemented a multifaceted program, the Osler Way Pro-
ject, to increase patient satisfaction with inpatient services.
The interventions included institution of joint rounds for
nurses and physicians to improve the consistency of infor-
mation provided to patients; training in interpersonal skills
(“service excellence”) for nurses’ aides, nurses, and house
staff physicians; better coordination of the discharge pro-
cess; putting housekeeping under nursing supervision on
individual units; and making physical changes to the envi-
ronment, such as putting up new wallpaper, adding new
artwork, and closing one entry to the unit to reduce noise
and improve security. Table 14.2 lists some of the 20 topics
included in the “service excellence” training given to all
staff categories. The proportion of excellent patient ratings
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Poorly worded

I was not told how to take care of myself at home.

 Yes

 No

Problem: double negative, limited evaluative spectrum

Please rate the privacy and cleanliness of the hospital room.

Problem: double barreled

Well-worded

Please rate the instructions you were given about 
how to take care of yourself at home: 

 Excellent  Fair

 Very good  Poor

 Good

Separate into two items:

1. Please rate the privacy of the hospital room. 
2. Please rate the cleanliness of the hospital room. 

Figure 14.1 Examples of poorly worded and well-worded rating items.

TABLE 14.1
EXAMPLES OF WORSE AND BETTER ITEMS

Worse What’s wrong Better

The staff were courteous and respectful. 
Response choices: Strongly agree, agree, 
not sure, disagree, strongly disagree

Was the information adequate? Yes/No

Please rate the food and how it was served 
by staff.

The doctors did not involve me in decisions.
Response choices: Strongly agree, agree,
not sure, disagree, strongly disagree

Evaluation is in the stem of the item, 
allowing for only one cutoff point on the 
spectrum of opinion. More sensitive items 
place the evaluation in the response scale 
rather than asking for agreement.

Yes/No items create a dichotomy that 
obscures the full spectrum of possible 
answers and obscures differences.

Double-barrelled item is difficult to answer if 
the two items differ.

1) Double negative is confusing; 2) value of 
being involved in decisions is imposed on 
the patient, not a true patient evaluation 
item; and 3) agree/disagree scales limit 
spectrum of possible evaluation.

How courteously and respectfully were you 
treated by the staff? Response choices: 0 
(worst possible) to 10 (best possible), A 
(best) to F (worst), or excellent to poor

Adequacy of the information given (0, 
worst possible, to 10, best possible)

Separate into two items:
1. Please rate the quality of the food.
2. How was food served by staff?
How much did the doctors involve you in 

decisions?
Response choices: Way too much,
somewhat too much, about right,
somewhat too little, way too little, or (less
informative about patient’s expectations
but a sound rating item): 0, worst
possible, to 10, best possible

of the overall hospital stay doubled after the interventions
were implemented, with the greatest improvements in spe-
cific ratings corresponding to the areas of intervention (6).

Interpersonal relations can be improved by incorporat-
ing interpersonal behavior as a criterion for employee
selection and performance evaluation and by providing
service excellence training for all types of staff. Patient edu-
cation can be improved in similar ways, and also by pro-
viding patient education materials about common hospital
diagnoses, tests, and treatments in a variety of media.

PATIENT CHARACTERISTICS RELATED
TO EVALUATIONS OF CARE

Certain types of patients have a greater propensity to find a
hospital stay unsatisfactory. Educated patients have higher
expectations of care and generally rate their hospital care
more unfavorably than do less educated patients. Those
who are sicker on admission rate their care less favorably,
probably because their needs are greater and therefore staff
members are more likely to fail to meet them. Patients with
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intermediate levels of pain or moderate needs for assistance
give lower ratings than do those with the highest and
lowest levels. Possibly those with the most pain or disabil-
ity occupy the staff, and those with little or no pain or
disability are not in need, whereas those with moderate
pain and disability are more likely to find their needs un-
met. Patients who are depressed are more likely to be dis-
satisfied with care. It is important to identify such patients,
especially on medical and surgical wards, and to treat their
depression along with their other conditions (Chapter
119). Patients in their twenties and thirties give lower rat-
ings for care than do those in their forties and fifties. Rela-
tively younger patients, especially men, may be less likely
than older patients to express their needs because of em-
barrassment, frustration, and discomfort with revealing
disability or vulnerability. It may be necessary for staff
members to inquire directly to identify and meet the needs
of these patients.

Studies that have examined ratings of care by different
racial or ethnic groups have found inconsistent results.
However, if large minority populations are present, espe-
cially if their race or ethnicity differs from that of most of
the hospital care providers, it is important to survey such
groups to ascertain whether specific concerns need to be
targeted to improve their experiences.

The Elderly Patient

Elderly patients require special sensitivity to toileting
needs, and how these are handled can greatly affect their
satisfaction with care. To maintain dignity and have the
best chance of maintaining continence, elderly patients
need to be answered promptly when they call so that they
can be taken to the bathroom, placed on a commode, or
given a bedpan. When they are incontinent, sheets must be
changed promptly. Bedpans are uncomfortable for frail

elderly patients with atrophic skin and should be promptly
removed when they are finished using them.

Elderly patients also are more likely than others to be-
come immobile and less physically functional in the hos-
pital because of increased sensitivity to sedatives, opiates,
anticholinergic agents, and other commonly used hospital
medications. Early ambulation, restraint-free environ-
ments, and aggressive physical therapy are very important
in preserving independent function. This translates into
fewer demands placed on the hospital staff and greater pa-
tient satisfaction (Chapter 16).

The Dying Patient

For hospitalized patients at the end of life, patient comfort
and patient and family satisfaction are the most important
outcomes. Of paramount importance is prompt and effec-
tive treatment of the patient’s pain and discomfort, emo-
tional support for both patient and family, involvement of
both patient and family (as desired by the patient) in treat-
ment decisions, and communication of as much informa-
tion to patient and family as they desire about the patient’s
condition and treatment.

Particular care must be taken with families who are un-
expectedly faced with the death of a loved one, and those
whose relative is receiving mechanical ventilation. Ongo-
ing discussion about the natural history of the patient’s
condition and treatment options is critical. Treating physi-
cians should set up regular times for communication with
the family. One possible mechanism is for the team to des-
ignate one physician to be in charge of communicating
with the family or the patient’s designated advocate. This
advocate can then be asked to provide information to other
family members.

Family members of dying patients have great emo-
tional needs as they struggle with the imminent loss of a

96 Section I: General Issues in Hospital Medicine

TABLE 14.2
SOME KEY ELEMENTS OF JOHNS HOPKINS MEDICINE SERVICE EXCELLENCE TRAINING

Module name Brief description of module

First encounters: Guess who? Stresses the importance of all staff members introducing themselves and explaining 
their role; provides examples of good introductions.

First impressions: It’s up to you! Describes what leads to a good first impression, the critical importance of courteous
and respectful first contact.

Anticipating customer needs Encourages staff members to put themselves in patients’ shoes and think about what
they need.

Dealing with difficult people Provides some pointers on defusing tension and handling challenging behavior.
Power of nonverbals Discusses how body language and appearance affect patients’ impressions.
How my department conserves cost Educates staff members about service efficiency.
Moving myself from negative to positive (attitude) Presents strategies for a constructive and cheerful outlook.
Stages of team development and stress Gives guidance on how team morale can be improved with respectful interactions.
Choosing the right words Scripts some common situations and gives tips on avoiding offensive language.
Innovation, my job, and me Encourages staff members to make suggestions for better care throughout the hospital.
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close relative. Small acts on the part of hospital staff mem-
bers can have powerful long-term comforting effects that
assist relatives in adjusting to a death. These may include
coming into the patient’s room or a family lounge to in-
quire about the health and emotional state of the family
member rather than simply ministering to the patient,
providing snacks or juice to family members who are
spending many hours by the patient’s bedside, communi-
cating regularly about the illness and its treatment, and
ensuring that relatives designated by the patient as proxies
are involved in treatment decisions. Patients from differ-
ent backgrounds have widely varied expectations and
needs at the time of death, and the staff should attempt to
find out early in the hospital stay whether there are any
specific issues of concern to individual patients and their
family members (Chapter 19).

SYSTEM CHARACTERISTICS RELATED TO
PATIENT EVALUATIONS OF CARE

Most studies comparing managed care with fee-for-service
care have found a lower rate of satisfaction with care in man-
aged care environments, but these have not concentrated on
the hospital environment. However, as cost pressures on hos-
pitals increase under ever more aggressive care management
and greater assumption of risk by providers, it will be impor-
tant to monitor whether patients perceive their hospital stays
as too short and feel that not enough instruction and educa-
tion are provided in preparation for the transition to home.

Patients at large hospitals and teaching hospitals tend to
be less satisfied with their care (6). Studies have suggested
that this is a consequence of the relatively large number of
providers involved with patients, conflicting communica-
tions, and the size and complexity of interactions, which lead
to a loss of intimacy and caring. To mitigate these effects
requires a concerted effort by all providers to keep primary
providers and other specialty consultants informed of the
care plan and of communications with patients and families,
and to keep nurses informed of the care plan so that they can
help to convey accurate information to patients and families.
A daily goals sheet can alert all personnel to care goals for the
day; in one study this simple intervention raised staff aware-
ness of patient care goals from 10%–90% (7). Medical stu-
dents, residents, fellows, and specialty consultants must be
taught to treat patients and families with caring and respect
no matter how brief and specialized their interactions with
them. Fortunately, the American Council on Graduate
Medical Education (ACGME) and several of the Residency
Review Committees that accredit residency programs now
require competency in communication (see www.acgme.org).
Curricula are available for these purposes and are likely in the
next few years to become standard parts of house staff and
postdoctoral fellowship training (8). These have healthy
effects on trainee interactions with patients in teaching
hospitals.

CONCLUSIONS

The importance of patient evaluations of hospital care
will continue to grow in our environment where hospitals
increasingly become cost centers, health plans look for
better value (Chapter 12), and consumers become more
involved and educated about hospital choice. Hospital-
ized patients are often too ill to advocate for themselves,
and staff members treating them must be particularly sen-
sitive to their needs.

KEY POINTS

■ Patient satisfaction is an increasingly important out-
come of hospital care.

■ Hospital staff can improve patient satisfaction, mostly
through improving nursing response to pain and toilet-
ing needs, respectful and caring interpersonal treat-
ment, and patient education.

■ Systems can improve staff interpersonal and patient ed-
ucation skills by including such skills as criteria for per-
sonnel selection and evaluation, providing training in
these areas, and offering patient education materials in
a variety of different media.

■ Family members, especially of dying patients, need a
quick response to their relative’s pain or discomfort,
emotional support, and information, and they should
be involved in decisions as appropriate.
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Nutritional Issues in

the Hospitalized

Patient
Annette Stralovich-Romani Christopher R. Pennington*

INTRODUCTION

Malnutrition is recognized as a major contributor to mor-
bidity and mortality in hospitalized patients across a spec-
trum of diagnoses. Many studies of nutritional status in
hospital patients, based on anthropometric data, have
indicated an incidence of malnutrition of 30%–40% (1).
Significant nutritional depletion occurs in the majority of
patients during their hospital stay, and those who are al-
ready malnourished on admission are the most severely
affected. Early identification of patients who will benefit
from nutrition intervention can lead to cost-effective and
beneficial outcomes. This chapter focuses on the diagnosis,
prevention, and management of nutrition depletion in hos-
pitalized patients.

EFFECTS OF STARVATION AND
METABOLIC STRESS IN HOSPITALIZED
PATIENTS

Food substrates lead to the synthesis of glycogen, lipid, and
protein under the influence of insulin. After meals, insulin
concentrations are reduced and glycogen is mobilized to
supply glucose. During periods of starvation, glycogen
stores are rapidly exhausted and fatty acids liberated from
tissue stores by lipolysis supply the energy substrate, except

in the central nervous system, which depends on glucose.
However, ketones formed in the liver from fatty acids sup-
ply some energy to the central nervous system, thus mini-
mizing the requirement for glucose and the catabolism of
muscle for gluconeogenesis. This adaptive mechanism is
disrupted, however, during periods of acute illness,
especially critical illness or injury.

The metabolic response associated with acute stress,
critical illness, or injury is often referred to as hyperme-
abolism. Metabolic stress is triggered by the release of the
counter-regulatory hormones (catecholamines, glucagon,
cortisol), and cytokines (tumor necrosis factor, interleukin-1,
interleukin-6). The catabolic hormones stimulate gluco-
neogenesis, increase net protein catabolism and cause
glucose intolerance/insulin resistance. The cytokines pro-
duce a spectrum of effects, including skeletal muscle prote-
olysis, increased metabolic rate, release of acute phase
reactants, and depression of hepatic protein synthesis (albu-
min, prealbumin, transferrin, retinol binding protein).

Stressed starvation has a profound effect on the nutriti-
tional status of a patient. Whereas in a previously fit person
death from starvation takes about 60 days (depending on
initial body stores), the nutritional decline in sick persons
is influenced by their disease process and may be much
more rapid.

Nutritional intervention is required long before patients
become seriously malnourished. One important experiment
demonstrated that many weeks are needed to restore lean
body tissue, even with nutritional repletion (2). Further-
more, tissue restoration is not attainable in the context of
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acute illness, so that minimizing tissue loss is the nutritional
objective (3). Impaired organ function can be demonstrated
very early in the course of starvation, and reduced muscle
strength has been shown after 5 days. Reduced muscle
strength may impair mobilization of patients after surgery or
illness and may also compromise other important muscle
groups, notably the muscles of respiration.

The intestine may be particularly vulnerable to starva-
tion. Besides its role in digestion and absorption, the GI
tract has the distinct property of maintaining barrier func-
tion and normal bacterial flora of the intestine. Gastroin-
testinal tissues require direct contact with nutrients to sup-
port cell replication and the numerous metabolic and
immunologic functions required for successful adaptation
to stress (4). Absence of luminal nutrient stimulation,
therefore, may lead to gut atrophy, which can result in bac-
terial translocation. The integrity of intestinal immunity,
particularly during a period of physiologic stress, may
therefore be helpful in preventing infectious complications
and averting the development of multisystem organ failure
in the critically ill.

NUTRITIONAL ASSESSMENT

Upon admission to the hospital all patients should un-
dergo nutritional screening to identify those individuals
with either pre-existing malnutrition or those who are at
risk for nutritional compromise. Many types of hospital-
ized patients are commonly malnourished. Patients with
infectious and inflammatory disorders (e.g., AIDS, cancer)
often have cytokine-mediated anorexia. Patients with gas-
trointestinal disease may be afraid to eat due to abdominal
pain or other symptoms, be unable to eat because of dys-
phagia, or suffer from impaired digestion and absorption
resulting from pancreatic and intestinal disease. Elderly pa-
tients, those who are depressed, and patients with underly-
ing lung disease (chronic obstructive pulmonary disease,
cystic fibrosis) are especially vulnerable to malnutrition.
Patients with neurological injury (stroke, subarachnoid
hemorrhage, trauma) or other critical illness are also prone
to nutritional compromise.

Malnutrition may develop in some patients after admi-
sion because of the nature of their illness. Patients unable
to swallow as a consequence of cerebrovascular disease,
those with intestinal obstruction, and those requiring fre-
quent fasting for investigation or therapeutic intervention
will all suffer from starvation unless they receive nutritional
therapy.

The evaluation of nutritional staus is a vital step in
formulating nutritional care plans for patients. Unfortu-
nately, most markers of malnutrition lack specificity and
sensitivity. Therefore, until improved methods of identify-
ing malnutrition are developed, it is necessary to perform a
comprehensive assessment which includes carefully se-
lected objective parameters, a nutritionally focused physi-

cal exam, and other subjective parameters. However, in
daily clinical practice, the nutritional assessment process
must center around assessment parameters that are clini-
cally relevant, easy to obtain, and cost-effective (5) (see also
Table 16.2).

When evaluating nutritional status, it is important to
obtain subjective data from the medical history that may
bear relevance on the patient’s nutritional well-being. For
example, acute or chronic illnesses, medications (im-
munosuppresive agents, corticosteroids), psychosocial
history, diagnostic tests/procedures, surgeries, or other
treatment modalities (chemotherapy, radiation therapy)
may all significantly influence nutritional status (6). A
thorough nutritional history should also be completed
and include weight and appetite changes, diet informa-
tion, bowel habits, chewing and swallowing abilities, and
activity level.

Careful observation of physical appearance adds a di-
mension to the evaluation of nutritional adequacy. Severe
wasting of lean body mass and subcutaneous fat stores are
signs of frank malnutrition. The physical exam should
also focus on edema, dermatitis, and overt signs of vita-
min and mineral deficiencies (alopecia, cheilosis, glossi-
tis, stomatitis, bleeding gums, bruising, visual changes,
rickets).

Anthropometry can be used to obtain objective parame-
ters for assessment of nutritional status. Body weight—
although useful for establishing the diagnosis of malnutri-
tion—provides only a crude evaluation of overall fat and
muscle stores. Body mass index [weight in kilograms divided
by height in meters squared (m2)], is often used to help de-
termine nutritional status (normal range 20–25). Values
below 18 signify important nutritional depletion. Patients
with values above 25 and 30 are respectively defined as
overweight and obese. Usual body weight, rather than ideal
body weight, is a much more useful nutritional assessment
parameter in the ill population. Loss of 5% of body weight
in one month or greater than 10% of body weight in the 6
months preceding admission signifies nutritional deple-
tion. When assessing the weight status of a critically ill
patient, exercise caution as to what weight is being used, for
weights are influenced by fluid shifts and therefore are
unreliable. Dry weights are more ideal for determining
nutritional status, determining nutrient requirements, and
monitoring response to nutritional therapy.

Skinfold measurements, although rarely used in the
clinical setting, are indirect methods of measuring somatic
protein and subcutaneous fat. These measurements have
limited utility in the critical care setting due to edema/fluid
shifts. Skinfold measurements tend to have more merit in
the outpatient arena when nutritional status is being seri-
ally evaluated over time or in the pediatric population to
assess growth.

Various serum protein levels have been used in assess-
ment of nutritional status. Albumin, transferrin, thyrox-
ine-binding pre-albumin, and retinol-binding protein are
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most commonly used in the clinical setting. Serum albu-
min is best evaluated at admission because levels rarely
show nutritionally relevant changes during hospitaliza-
tion due to its long half-life (18–20 days). The advantages
of albumin are that it is inexpensive, it is useful with long-
term assessments, and it is a valuable prognostic indicator
of morbidity and mortality. Serum albumin levels dra-
matically decrease, however, with metabolic stress and in-
jury. Albumin levels may also change quickly as a result of
non-nutritional factors, and respond slowly even with ad-
equate nutrition support. In fact, plasma albumin levels
will not increase in stressed patients until the inflamma-
tory response remits. Therefore, little credence should be
given to albumin as a marker of nutritional status or re-
sponse to nutritional therapy during a period of
metabolic stress.

Because of their shorter half-lives and smaller protein
pools, transferrin, pre-albumin, and retinol-binding
protein have been touted as better markers of status.
However, like albumin, these constitutive proteins de-
crease independently of nutritional status during critical
illness due to the preferential production of acute phase
reactants over the synthesis of visceral proteins. It should
not be assumed, therefore, that decreased levels of serum
proteins are caused solely by malnutrition. Normal
patterns of hepatic protein synthesis and degradation are
altered during critical illness, making evaluation difficult
(Table 15.1).

NUTRITIONAL REQUIREMENTS

Energy Requirements

The amount of energy required is a function of resting needs
(those required to do daily metabolic work), with adjust-
ments added for activity, specific dynamic action of food,
healing, repair of nutritional deficits, painful stimuli, and
any catabolic insult (such as trauma, sepsis, and surgery).
Several methods exist to determine energy requirements.
These include predictive equations, nomograms, and
indirect calorimetry.

Predictive Equations

Predictive equations are most often estimated using the
Harris-Benedict equation (Table 15.2), which estimates
resting energy expenditure and then is multiplied by stress
factors ranging from 1.2–2.0, depending on the clinical
condition of the patient. The utility of this formula in criti-
cally ill patients is limited since this equation was devel-
oped from data on normal volunteers.

Indirect Calorimetry

A more accurate method to calculate energy expenditure,
especially in the complex and rapidly changing setting of
critical illness, is indirect calorimetry. This method can be
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TABLE 15.1
SERUM PROTEINS FOR NUTRITIONAL ASSESSMENT

Serum protein Half-life Normal range Comments

Albumin 20 days 3.5–5.0 g/dL Large body pool; reliable predictor of morbidity and 
mortality; reflects chronic vs. acute protein depletion; 
responds slowly to changes in nutritional status; 
decreased levels with fluid overload, malabsorptive  
states, stress (sepsis, burns, trauma, postoperative 
states), and certain disease processes (liver failure, 
congestive heart failure); increased levels with 
anabolic agents, dehydration, and infusion of albumin,  
fresh frozen plasma and whole blood

Transferrin 8–10 days 200–400 mg/dL Smaller body pool; sensitive to changes in nutritional 
status; calculated from total iron binding capacity; 
decreased with chronic infection, stress, uremia, iron 
overdose, overhydration, liver failure; increased with 
pregnancy, iron deficiency, hypoxia, hepatitis, dehy-  
dration, estrogens

Prealbumin (Transthyretin) 2–3 days 15–40 mg/dL Rapid turnover rate; small body protein pool; quickly 
changes with changes in nutritional status; decreased 
levels with stress, inflammation, surgery, liver dis-
ease; increased levels with renal dysfunction

Retinol-binding protein 8–10 hours 2.7–7.6 mg/dL Highly sensitive to changes in nutritional status; 
decreased levels in same states as pre-albumin, as 
well as in vitamin A deficiency; increased levels with
renal dysfunction and vitamin A supplementation
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carried out at the bedside using portable machines that are
costly and require trained personnel to operate. The premise
of indirect calorimetry is that it calculates energy expendi-
ture by measurement of respiratory gas exchange (specifi-
cally the measurement of oxygen consumption (V02),
carbon dioxide production (VCO2), and minute ventilation
(VE)), and then applying the Weir equation (7). When mea-
sured energy expenditure is obtained from indirect
calorimetry, some clinicians add a factor of 10%–20% to ac-
count for 24-hour variability.

Protein Requirements

The goal of protein provision is to minimize the degree of
net nitrogen loss. Since  protein reserves do not exist in the
body, protein must be continually replenished. Under nor-
mal circumstances the recommended daily intake of pro-
tein is approximately 0.8 gm of protein/kg body weight. In
critical illness, the proper provision of protein is crucial as
it is the most important macronutrient with stress and/or
injury. Protein requirements are high with trauma, sepsis,
and also go  up to meet the demands for healing of burns,
necrotizing fasciitis, and other types of large wounds. In
some disease states, such as renal failure and hepatic
encephalopathy, protein requirements may be reduced
(Table 15.3).

Nitrogen Balance

Nitrogen balance, when correctly measured and calculated,
remains the best available marker of the effects of acute
nutrition intervention, and the best nutritional predictor of
outcomes. Urinary nitrogen losses following injury and
illness tend to parallel the increased energy expenditure
with increased degrees of stress. The magnitude of nitrogen
loss varies with the severity of disease (8). Nitrogen balance
is equal to nitrogen intake minus urinary nitrogen output
plus obligatory losses from skin, stool, and respiration. It
ranges from 2–4 grams per day. When there are excessive
losses of nitrogen from severe diarrhea, fistula drainage,

burn exudate, ostomy output, or wounds or pleural
drainage, total nitrogen content should be determined
when practical.

A positive nitrogen balance correlates with net protein
synthesis (anabolic state) and suggests adequate nutritional
support. A negative nitrogen balance, on the other hand, in-
dicates that the rate of protein breakdown exceeds the rate of
protein synthesis (catabolic state), and therefore indicates the
need to adjust the nutritional support regimen. Positive or
even neutral nitrogen balance may be difficult to achieve in
critically ill patients due to the effects of catabolic hormones,
medications, bed rest, fever, and infection. The goal of nutri-
tion support, therefore, is to offset the degree of catabolism
rather than to achieve positive balance. Once the source of
stress is resolved, an anabolic state should be attainable.

A nitrogen balance study should only be completed after
the patient has been on relatively constant protein and en-
ergy intake for 3 days, thus allowing the urea cycle and glu-
coneogenic enzymes to adjust to protein intake. Urine
should be kept on ice during the collection and analyzed
within 4 hours to prevent loss of urea due to bacterial con-
version to ammonia.

The major limitation of using a standard nitrogen balance
study in critically ill patients is that a creatinine clearance
greater than 50 mL/min is required for accurate inter-
pretation. With liver failure, nitrogen balance studies are usu-
ally invalid due to decreased urea production.
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TABLE 15.2
HARRIS-BENEDICT EQUATION FOR ESTIMATING
ENERGY REQUIREMENT

Men: REE � 66.5 � (13.75 � W) �
(5 � H) � (6.76 � A)

Women: REE � 655 � (9.56 � W) �
(1.85 � H) � (4.68 � A)

W � Weight (kg)
H � Height (cm)
A � Age (years)

REE, resting energy expenditure, in kcal/day.

TABLE 15.3
ESTIMATING PROTEIN REQUIREMENTS

Normal renal function

Maintenance 0.8–1.2 gm of protein/kg/day
Moderate stress 1.3–1.5 gm of protein/kg/day
Severe stress 1.5–2.0 gm of protein/kg/day

Renal Failure

Non-dialyzed 0.8–1.2 gm of protein/kg/day
Hemodialyzed 1.0–1.4 gm of protein/kg/day 

(may be adjusted based on 
frequency of dialysis)

CAPD 1.3–1.5 gm of protein/kg/day
CAVHD/CVVHD 1.6–1.8 gm of protein/kg/day

Hepatic Failure

without encephalopathy Begin at 1.0 gm of protein/
kg/day, increase as
tolerated to 1.5–2.0 gm of 
protein/kg/day

with encephalopathy 0.8–1.0 gm of protein/kg/day 
(no less than 40 gm/day)

CAPD, continuous ambulatory peritoneal dialysis; CAVHD, continuous
arterio-venous hemodialysis; CVVHD, continuous veno-venous
hemofiltration dialysis.
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NUTRITIONAL SUPPORT FOR
PREVENTION OR TREATMENT OF
MALNUTRITION

During periods of metabolic stress, tissue wasting should
be minimized by the provision of adequate nutrition. This
truism is supported by data showing that the use of early
enteral feeding in postoperative patients reduces the inci-
dence of infection. There is also abundant evidence that
nutritional support and the correction of nutritional deple-
tion, when possible, reduces mortality, morbidity, and
length of hospital stay.

Patients with initially normal nutritional status should
be considered for nutritional support if they will not be
able to eat for more than 5–7 days, or if it is anticipated that
their dietary intake will be inadequate for 7–10 days or
more. Patients who are malnourished or metabolically
stressed should receive nutritional support within 3 days if
their oral intake is not satisfactory or if oral feeding cannot
be achieved. Significant nutritional depletion should be
avoided because of the early effects on organ function, the
prolonged period required for nutritional repletion, and
the fact that malnutrition cannot be corrected in the
stressed patient.

NUTRITION SUPPORT MODALITIES

Enteral Nutrition

Enteral nutrition is the preferred modality of nutrition
support because it is cost-effective and has beneficial
outcomes. Perhaps the most striking clinical benefit of en-
teral nutrition is preservation of the gastrointestinal tract.
Enteral nutrition is strongly favored over parenteral nutri-
tion because some studies have shown that there is a sig-
nificantly lower incidence of septic complications in pa-
tients fed enterally rather than parenterally.

Liquid oral nutritional supplements in various flavors
may be sufficient for some patients with anorexia, failure to
thrive, esophageal disease or other disorders associated
with malnutrition when the normal diet is inadequate to
meet their nutrient needs. Patients with severe impairment
of appetite or an inability to eat because of neurologic or
oropharyngeal disease will need enteral tube feeding. Tube
feeding may also be indicated in patients with intestinal
failure, as in Crohn’s disease or short bowel syndrome.
Critically ill patients will also undoubtedly require enteral
nutrition support.

Technological advances in enteral feeding have signifi-
cantly influenced the practice of enteral support. Improve-
ments in placement procedures, enteral feeding devices,
and nutritional products have allowed enteral nutrition to
be provided to patients who previously would not have
been candidates for it, and would therefore have been on
parenteral nutrition.

Newer Clinical Applications for
Enteral Nutrition

There are several clinical conditions now deemed appropri-
ate for enteral nutrition support that deserve mentioning
(9). The use of enteral feeding in fistula management is be-
coming more widespread. The ability to enterally feed is
contingent upon the site and extent of usable intestine for
feeding. To avoid reflux, it is necessary to feed 40 cm distal
to the fistula. Spontaneous closure rates comparable to TPN
have been reported. In short bowel syndrome, enteral feed-
ing is used in conjunction with parenteral nutrition. Mini-
mal infusion of enteral nutrition has been shown to foster
intestinal adaptation/rehabilitation. Utilization of alterna-
tive substrates (glutamine, fiber, growth hormone) may
promote successful adaptation.

A new alternative for providing nutrition support to the
patient with acute pancreatitis has been jejunal feedings
placed either nasojejunally or with an operative jejunos-
tomy. Because the cephalic and gastric phases of digestion
are bypassed, this method leads to decreased pancreatic
stimulation.

Another area in which the efficacy of enteral feeding
warrants in-depth investigation is in patients undergoing
bone marrow transplantation. There is hope that enteral
feeding in this population might help restore the GI mu-
cosa following chemotherapy and radiation therapy, pre-
vent bacterial translocation, maintain normal immune re-
sponses, promote smoother transition to oral feeding, and
decrease cost. 

Timing

Timing may be crucial when it comes to instituting enteral
alimentation in critically ill or injured patients. If possible,
enteral feeding tubes should be placed within 48 hours of
admission to the ICU. Administration of enteral nutrition
into the small bowel 8–12 hours following surgery is being
practiced widely, and with good success, since peristalsis is
often well maintained in the small bowel postoperatively.
Bowel sounds should not be used to indicate feasibility of enteral
alimentation, but rather to indicate the adequacy of gastric emp-
tying. Although gastric and colonic motility are impaired in
most critically ill patients, small bowel motility and ab-
sorption are usually intact.

Early administration of enteral nutrition appears to
minimize gut atrophy, decrease sepsis, enhance immuno-
competence, and blunt the hypermetabolic response to
stress. The role of pharmacomodulation of the gut has also
received increased attention. Pathologic conditions and
unavoidable iatrogenic disorders that affect gut function
may be able to be managed with drug therapy (octreotide,
propofol, 5-hydroxytryptamine-3 receptor antagonists, 
erythromycin, oral naloxone) to allow enteral feeding to
be used (10).
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Tube Types and Location

The administration of enteral nutrition is generally accom-
plished by using nasoenteric feeding tubes inserted into the
stomach, duodenum or jejunum. Nasoenteric feeding
tubes are the most frequently used because they are easy to
place and less costly and risky than tubes requiring surgical
insertion. Small bore feeding tubes are preferred over the
traditional nasogastric tubes (salem sumps) because there
is less risk of tracheoesophageal fistula and aspiration, and
they are more comfortable. The downside to using the
small feeding tubes is that they are prone to collapse and
clogging, making it difficult to check for feeding residuals.

Gastric feeding is suitable for many patients. However, in
cases of altered GI motility (gastroparesis, gastric ileus, de-
layed gastric emptying from opiates, elevated intracranial
pressure), the feeding tube should be placed transpylorically.
In critically ill or postoperative patients, along with patients
who have an absent gag reflex or who are on non-invasive
positive pressure ventilation (BiPAP), having the feeding
tube in the small bowel is essential. Jejunal feeding tubes are
a must when feeding patients with acute pancreatitis.

Many bedside placement techniques for passing
weighted tubes beyond the pylorus are available and usu-
ally successful. Ascultation while the patient is in the right
lateral decubitus position can be used to track the tube into
the small intestine. However, if this method is unsuccess-
ful, then endoscopically or fluroscopically guided tube
placement may be indicated. Prokinetic drugs can also help

facilitate tube positioning. Upon placement of the feeding
tube, radiographic confirmation is necessary before initiat-
ing the enteral feeding regimen.

Methods of Delivery

Enteral nutrition can be delivered by bolus, intermittent, or
continuous feeding. Bolus feeding is the rapid infusion of a
large volume of enteral formula over a short period of time.
GI complications (e.g., diarrhea, nausea, vomiting, aspira-
tion, distention) may result, however. Intermittent feeding,
using either gravity drip or an infusion pump, can deliver a
moderate to large volume of enteral formula over a defined
period, usually from 1 to 16 hours. Continuous tube feeding
is the infusion of a small amount of enteral formula over
24 hours using an infusion pump. In critically ill patients and
with small bowel feedings, the continuous delivery method is es-
sential. Continuous feedings are better tolerated than bolus
or intermittent feedings, and are associated with reduced
incidence of high gastric residuals, gastroesophageal reflux,
and aspiration.

Formula Composition

There are many commercially available enteral products
that differ in composition and proportion of nutrients, as
well as cost. All formulas contain carbohydrate, fat, protein,
and water, as well as vitamins, minerals, trace elements, and
electrolytes (Table 15.4). Polymeric formulas contain intact
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TABLE 15.4
CLASSIFICATION OF ENTERAL FORMULAS

Category Subcategory Comments

Polymeric Blenderized Real food; requires normal digestion and absorption; lactose or lactose-free; 
isotonic; nutritionally complete

Standard Intact nutrients; lactose-free; low residue; isotonic; nutritionally complete; 
requires normal digestion and absorption

High nitrogen Intact nutrients; lactose-free; isotonic; protein �15% of total kcal; nutritionally 
complete; requires normal digestion and absorption

Fiber-enriched Intact nutrients; lactose-free; isotonic; soluble and insoluble fiber; regulation 
of bowel function; nutritionally complete; requires normal digestion and 
absorption

Calorically dense Intact nutrients, 1.5–2.0 kcal/mL; high osmolality; use with fluid restriction; 
lactose-free; nutritionally complete; requires normal digestion and absorption 

Disease-specific Intact nutrients; protein, fat, and carbohydrate source varies depending on 
specific disease-state formula; electrolyte content and osmolality varies; 
requires normal digestion and absorption; expensive; efficacy controversial

Oligomeric Hydrolyzed protein; di-tripeptides, free amino acids; fat content varies (3%–40% 
(partially hydrolyzed/ of total kcal); lactose-free; osmolality varies (250–700mOsm/kg); nutrition-
semi-elemental) ally complete; digestion required; limited absorptive surface of GI tract

Monomeric Free amino acids; lactose-free; fat varies (1%–15% of total kcal); high osmolality; 
(elemental/ may include glutamine; nutritionally complete, minimal digestion required; 
chemically defined) limited absorptive surface of GI tract

Modular Individual nutrient (carbohydrate, fat, protein) modules; used to modify pre-
existing commercial formula to increase nutrient density or to make unique 
formula; requires normal digestion and absorption
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nutrients and require normal digestion and absorption. Lac-
tose-free mixtures are the basic feeding formulation, since
most hospitalized patients have genetic or acquired lactase
deficiency. These formulas can be isotonic or hypertonic
(300–800 mOsm per kg of water). Caloric density varies
from 1.0–2.0 kcal/mL, with 40%–55% of total calories from
carbohydrate, 12%–20% from protein, and 30%–50%
from fat. Fats are provided as long chain triglycerides (LCTs)
and medium chain triglycerides (MCTs).

Oligomeric and monomeric formulas are classified as el-
emental and semi-elemental/peptide-based formulas. They
contain one or more partially digested macronutrients and
are reserved for patients with compromised GI function
(e.g., critical illness, pancreatic or bile salt deficiencies, in-
testinal atrophy, short bowel syndrome and inflammatory
bowel disease). Caloric density is usually 1.0 kcal per mL.
Elemental diets have a much higher osmolality than semi-
elemental diets. These formulas are considered low fat and
may contain a high proportion of fat in the form of MCTs.
The efficacy of elemental diets remains controversial.

Widespread use of enteral feeding and an expanding
knowledge of specific disease processes has led to an ex-
plosion in the development of disease-specific formulas.
These formulas have been designed for specific organ fail-
ure, metabolic dysfunction, or immunomodulation. Given
the cost and questionable efficacy of these specialized for-
mulas, they should be used judiciously. Detailed formula
descriptions, clinical indications, and possible benefits are
beyond the scope of this chapter.

Formula Selection

Enteral formula selection should be based on the patient’s
digestive and absorptive capacity, organ function, specific
nutrient needs, tolerances, and allergies, and should take
into account the formula composition and total calories.
Attention must also be given to fluid requirements, vitamin
and mineral needs, and osmolality. Most enteral formulas
contain water in the general range of 700–900 mL per
1,000 mL of enteral formula. The general rule of thumb is
to provide 30 mL water/kg body weight, or as clinical sta-
tus permits. When provided in sufficient volume, most nu-
tritionally complete products contain adequate vitamins
and minerals to meet the U.S. recommended dietary intake
(RDI). If necessary, a daily multivitamin and mineral sup-
plement can be added.

Initiation and advancement of enteral feedings will
vary with the method of administration. Bolus feedings
are generally administered over several minutes and are
best tolerated when given at less than 60 mL/min (e.g.
240 mL of formula every 3 hours over at least 3 minutes).
Intermittent feedings are generally better received if a
maximum of 200–300 mL of formula is delivered over a
30–60 minute period every 4–6 hours. Continuous feed-
ings are introduced at 10–30 mL/hour, and advanced in
10–20 mL increments every 8 to 12 hours until the goal

flow rate is attained. For patients who are critically ill,
who have not been fed for an extended period of time,
and those who are receiving calorie-dense or high osmo-
lality enteral formulas, conservative initiation and ad-
vancement rates are highly advised (e.g., 10mL increments
every 12–24 hours).

Complications

Complications associated with enteral feeding may be
avoided and managed with appropriate monitoring. The
major goal of monitoring is to minimize the complications
of enteral therapy and to maintain the patency of the small
bore feeding tube. An assessment of GI tolerance (i.e., nau-
sea, vomiting, abdominal discomfort/distention, stool pat-
tern) is mandatory when a patient is on enteral nutrition
support. Hydration status and laboratory data must also be
evaluated when a patient is being enterally fed. Preventive
measures should be taken to minimize the risk of aspira-
tion. Keeping the head of the bed elevated at a 30–45 degree
angle and checking for tube feeding residuals are recom-
mended to lessen the potential for aspiration. With contin-
uous feeding, residuals should be checked every 4 hours and
should not exceed 200 mL. If the patient has a cuffed tra-
cheostomy, the cuff can be deflated 2 hours after bolus feed-
ings; for continuous feeds, the cuff may be deflated only
when necessary to prevent tracheal complications. Routine
flushing of feeding tubes with 30–60 mL of water every 4–6
hours will help extend the life of the small tubes.

Although enteral nutrition is generally safe, complica-
tions may arise. There are three types of complications: me-
chanical, gastrointestinal, and metabolic. Mechanical com-
plications of nasoenteric tube feedings include tube
obstruction, displacement, or dislodgement; nasopharyn-
geal irritation; and gastric rupture. Obstruction or clogging
of the tube occurs most frequently from inadequate crush-
ing of medications and from formula residue adhering to
the lumen of the tube. Giving liquid medications (elixirs,
suspensions) rather than pills or syrups may help to avoid
clogging. Flushing with water, as previously described, will
help maintain patency of feeding tubes. Following proper
procedures for feeding tube placement and verifying tube
position will help avoid the complication of tube displace-
ment. Using small soft tubes, lubricating tubes for inser-
tion, and maintaining good hygiene of the mouth and
nares improves patient comfort.

The most common complications of tube feedings are
gastrointestinal, including diarrhea, nausea, vomiting, con-
stipation, delayed gastric emptying, and GI bleeding. The
major causes of formula-related diarrhea are rapid infu-
sion rate, formula characteristics (hypertonic, low fiber/
residue, high fat), and bacterial contamination. Medica-
tions (sorbitol-containing elixirs, antibiotics, laxatives,
magnesium and phosphorous supplements), pancreatic
insufficiency, fecal impaction, and pathogenic bacteria
(Clostridium difficile) can all be nonformula–related causes

Chapter 15: Nutritional Issues in the Hospitalized Patient 105

26410 ch 015  3/11/05  3:14 PM  Page 105



of diarrhea in the tube-fed patient. Treatment of diarrhea
is contingent on the etiology. Antimotility agents (lomotil,
immodium, paregoric, deoderized tincture of opium) can
be used in the treatment of diarrhea, provided stool cul-
tures are negative for an infectious etiology.

High gastric residuals from delayed emptying can result
from high fat and fiber formulas, rapid infusion rate, high
osmolality formulas, certain disease state (e.g., diabetic
gastroparesis), elevated intracranial pressure, sepsis, and
certain medications (especially opiates). As previously dis-
cussed, checking feeding residuals is an essential compo-
nent of the monitoring process. If patients have persistently
high residuals, giving prokinetic drugs or placing the feed-
ing tube in the small bowel should help alleviate the prob-
lem. During small bowel feedings, there should be little or
no residuals obtained. If residuals are obtained, then
chances are the feeding tube has relocated to the stomach,
and verification of tube placement is warranted.

Constipation can result from low fiber/residue formulas,
inadequate water/fluid intake, inactivity, decreased bowel
motility, and medications such as phosphate binders, opi-
ates, and calcium-channel antagonists. Neuromuscular
blocking agents do not paralyze gut smooth muscle but may
slow bowel motility via anticholinergic actions (11). Ade-
quate hydration, fiber-enriched formulas, stool softeners,
and bowel motility agents are helpful in improving consti-
pation. Monitoring the stool pattern of the patient is also
important for prevention of fecal impaction.

Metabolic complications that occur during enteral nutri-
tion therapy are similar to those developed during par-
enteral nutrition, but are generally less severe. The most
common metabolic disturbances are hyperglycemia, dehy-
dration, and electrolyte imbalances (e.g., hyper-hypophos-
phatemia, hyper-hyponatremia, hyper-hypokalemia). Hy-
perglycemia is common in patients who are diabetic, who
have poor glucose utilization due to insulin resistance from
stress (trauma, sepsis), or who are on diabetogenic medica-
tions such as corticosteroids. Urine and blood glucose
should be monitored at periodic intervals in all patients re-
ceiving enteral feeding. For optimal nutrient substrate uti-
lization, blood glucose levels should be �150 mg/dL. In-
sulin administration will be required in patients with
persistently elevated blood glucose levels. Subcutaneous
administration of insulin is poorly absorbed in critically ill
patients; therefore, an insulin infusion is required for the
treatment of hyperglycemia. Tight glycemic control (i.e.,
blood glucose 80–110mg/dL) using an insulin infusion in
critically ill patients has been shown to reduce mortality,
bacteremia, and the number of days on mechanical venti-
lation (12) (see Chapter 107).

Repleting malnourished patients can result in the intra-
cellular uptake of phosphorous, potassium, and magne-
sium as anabolism is stimulated, causing decreased serum
levels of these electrolytes. These electrolytes should be
closely monitored and replaced as needed. Thiamine sup-
plementation is also needed in the malnourished patient.

Parenteral Nutrition

Parenteral nutrition (PN) is the intravenous administration
of a hypertonic solution of carbohydrate, fat, protein, elec-
trolytes, vitamins, minerals, and fluid. Although enteral nu-
trition support is the preferred modality of nutritional ther-
apy, PN is an important technique in patients who have
absolute gut failure, as with short bowel syndrome, small
bowel obstruction, ischemia or ileus, severe GI hemorrhage,
and fistulas not amenable to enteral feeding. Other patients
who might require PN are those with severe mucositis fol-
lowing chemotherapy, or those in whom the use of the in-
testine is not possible after major excisional surgery. Addi-
tionally, PN should be initiated in any patient not tolerating
full enteral nutrition support within 5–7 days.

Many patients will require only short-term parenteral
nutrition. In these patients, nutrients can be infused via
the peripheral veins with conventional cannulae rotated
on a daily basis, or ultra–fine-bore 15-cm catheters in-
serted at the antecubital fossa. For more prolonged treat-
ment, nutrients are infused into central veins through
central catheters or peripherally inserted central catheter
(PICC) lines. Peripheral access, however, may be limited
by the dextrose concentration; a central line is necessary
when infusing dextrose concentrations greater than 10%.

Formula Composition

Carbohydrate is the primary energy source in parenteral
nutrition solutions. Dextrose monohydrate is the carbohy-
drate source yielding 3.4 calories per gram, and ranging in
concentration from 5%–70%. The most frequently used
dextrose concentrations for critically ill patients are 20%
and 25%. The quantity of carbohydrate, however, is based
on the patient’s caloric requirement, optimal fuel balance,
and glucose oxidation rate (i.e., hepatic oxidative capacity).
Administration of no greater than 4–6 mg dextrose/kg/min
per 24-hour period is recommended for optimal oxidation
and prevention of fat synthesis (lipogenesis). Excessive car-
bohydrate provision is also associated with hepatic dys-
function and increased carbon dioxide production.

Crystalline amino acids are the form of protein currently
added to PN admixtures. Standard amino acid solutions
contain a balance of non-essential and essential amino
acids tailored to the normal serum amino acid profile. Con-
centrations range from 3%–15%; they provide 4.0 calories
per gram. Modified amino acid formulas contain a blend of
amino acids designed to meet disease or age-specific
requirements.

Intravenous fat is an aqueous dispersion containing soy-
bean or safflower oil, egg yolk phospholipid (an emulsifier)
and glycerin to achieve isotonicity. Long chain fatty acid
emulsions are currently the only commercially available IV
fat. They are available as either 10%, 20%, or 30% emul-
sions. Maintenance essential fatty acids (EFA) requirements
can be met by providing 4%–10% of the total calories as fat
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(2%–4% as linoleic acid). The 10% lipid emulsion provides
1.1 kcal/mL; 20% provides 2.0 kcal/mL; 30% provides 3.0
kcal/mL. IV fat is contraindicated in patients with distur-
bances in normal fat metabolism (i.e., triglyceride levels
�400–500 mg/dL), nephrosis when accompanied by hy-
perlipidemia, and severe egg allergy. For patients with pan-
creatitis of etiologies other than hypertriglyceridemia, intra-
venous fat infusions are not contraindicated. The
recommended infusion rate varies depending on the lipid
concentrations. For the 10% emulsion, a minimum of 8
hours is suggested. The anesthetic agent propofol is deliv-
ered in 10% intravenous fat, providing 1.1 kcal/mL. Atten-
tion must therefore be given to those patients who are on
PN with lipids and on propofol.

Electrolyte requirements for patients receiving parenteral
nutrition are patient-specific and influenced by nutritional
status. Organ function, acid-base balance, medications, and
gastrointestinal losses will also influence the electrolyte ad-
justments that will be needed in the PN solution to maintain
electrolyte homeostasis. In stable patients, acid-base balance
can, for the most part, be maintained by adding equal
amounts of chloride and acetate. However, for patients with
acid-base disturbances the acetate, which is metabolized to
bicarbonate, and the chloride will need to be adjusted in an
effort to help correct the abnormality. For example, in pa-
tients with severe metabolic acidosis, the chloride would be
minimized and the acetate maximized. Vitamins and trace
elements are added to PN solutions in doses consistent with
the American Medical Association Nutrition Advisory
Group’s recommendations. Iron is absent in the multi-trace
element preparation due to the fear of anaphylaxis, but iron
can be given as iron dextran either in the PN formula or in-
tramuscularly. Copper and manganese are excreted via bil-
iary excretion. Consequently, supplementation of copper
and manganese should be discontinued if baseline total
bilirubin is three times the upper limit of normal or if total
bilirubin triples from baseline value.

Initiation and Advancement

Parenteral nutrition therapy should be initiated at a slow
rate (e.g., 30–40 mL/hour), using the final concentration
planned for therapy and advanced as glucose tolerance per-
mits until the nutrient needs of a patient are met. For criti-
cally ill patients, advancement of parenteral nutrition
should be conservative (e.g., increased 20 mL every 24
hours until the goal rate is attained). Since dextrose con-
centration is limited in peripheral parenteral nutrition (5%
or 10% dextrose), it may be initiated at the same rate as the
usual peripheral IV fluids.

Monitoring

Successful administration of PN requires careful monitor-
ing. Blood glucose monitoring via finger sticks every 4–6
hours (more frequently in the ICU) is indicated until the
infusion rate has stabilized. Serum glucose should be main-

tained under 120 mg/dL in ICU patients, and under 150
mg/dL in non-ICU patients. Serum triglycerides should be
checked 6 hours after the completion of the intravenous fat
infusion to assess the patient’s lipid clearing capacity, espe-
cially in the face of hyperglycemia and steroid therapy.
Serum triglyceride levels should be �400 mg/dL. Elec-
trolytes must be followed to assure adequate hydration, re-
nal function and need for supplementation or restriction.
Finally, liver function should be periodically monitored.

Complications

Mechanical, metabolic, infectious, and hepatic complica-
tions may occur when using parenteral nutrition support.
Pneumothorax is the most common mechanical complica-
tion. Others include thrombus, catheter occlusion, and air
embolus. The infectious complications seen with parenteral
nutrition are typically catheter-related (see Chapter 72). Hy-
perglycemia is the most prevalent metabolic complication.
Risk factors for hyperglycemia include metabolic stress,
medications, obesity, diabetes, and excess calories and/or
carbohydrate. Malnourished patients are prone to refeeding
shifts. For an extensive list of the metabolic complications of
parenteral nutrition and suggestions for prevention and
treatment, the reader is referred to a major text on parenteral
nutrition (13).

Hepatobiliary abnormalities have been identified in pa-
tients on total parenteral nutrition who have no underlying
liver disease. Elevated aminotransferases, alkaline phos-
phatase, and bilirubin concentrations may occur days to
weeks after initiation of parenteral nutrition. Enzyme levels
may return to normal while a patient is on PN, but almost
always normalize when it is discontinued. Steatosis (fatty
liver) is the most frequent hepatic derangement that occurs
with PN. High glucose infusions, exceeding 4–6 mg dex-
trose/kg/min, is the primary etiologic agent in the produc-
tion of fatty liver. The excessive provision of intravenous fat
can also result in fatty infiltration of the liver.

Gallbladder stasis (biliary sludging) is felt to be the pri-
mary cause of PN-associated biliary disease. Stimulating
gallbladder contractility with enteral feedings usually
reverses this process. To manage and prevent PN-induced
hepatic dysfunction, use the GI tract whenever possible,
avoid overfeeding, provide a well-balanced fuel mix, cycle
the PN regimen, consider carnitine and glutamine supple-
mentation, and work up alternative causes such as hepati-
tis, biliary obstruction, hepatotoxic drugs, and sepsis.

CONCLUSIONS

Malnutrition is common in patients who are admitted to
the hospital, and the nutritional status deteriorates during
the hospital stay in most patients. Nutrition, therefore, be-
comes of vital importance in maintaining nutritional status
during illness. Fortunately, malnutrition can be prevented
or treated in most patients by using nutrition support.
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Although enteral nourishment is the optimal route of
administration, at times it is not medically feasible or well
tolerated. Under these circumstances total parenteral nutri-
tion is indicated; however, every effort should be made to
switch to enteral feeding when possible (Figure 15.1).

Unfortunately, attempts to improve a patient’s progno-
sis through nutritional intervention can be counterproduc-
tive when nutritional therapy is poorly managed. Both en-
teral and parenteral nutrition (particularly the latter) are
associated with serious and sometimes life-threatening
complications. Thus, nutritional therapy merits the same
high standard of care applied to other therapeutic modali-
ties, and patients who do not need artificial nutrition sup-
port should not receive it.
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Approach to the 

Hospitalized Older 

Patient
C. Seth Landefeld C. Bree Johnston Mary Anne Johnson

INTRODUCTION

Older people are at disproportionate risk of becoming se-
riously ill and requiring hospital care. Persons 65 years of
age or older make up only 13% of the U.S. population but
account for 35% of acute-care hospital admissions and
45% of hospital expenditures for adults. The impact of
older persons on acute hospital care will increase rapidly
with the aging of the population. The number of Ameri-
cans 65 years of age or older is expected to double to 71
million by 2030, representing 20% of the U.S. popula-
tion. Particularly striking is the projected growth in the
number of persons over age 85, especially in the middle
third of the century (Figure 16.1).

Once hospitalized, older patients are at high risk for loss
of independence and institutionalization. Among hospital-
ized medical patients 70 years of age or older, nearly 15%
experience a decline in their ability to perform basic self-
care activities of daily living (ADL), another 20% are dis-
charged without recovering their baseline abilities, and
15% of those admitted from home are discharged to a nurs-
ing home (1). Loss of personal independence is often pro-
moted by the reciprocal effects of the acute illness that led
to hospitalization and underlying chronic illnesses and
impairments. In addition, many older patients have lost
their “bounce”—their ability to recover rapidly and com-
pletely from the acute insults of illness and hospitalization
to their physiologic, psychological, and social systems.
Thus, optimal care for the hospitalized older patient
requires the physician to manage acute illness while simul-
taneously intervening as necessary to promote or maintain
independent functioning.

RATIONALE FOR A SYSTEMATIC
APPROACH TO HOSPITALIZED OLDER
PATIENTS

This chapter outlines an approach to the hospitalized older
patient that incorporates systematic assessments at the level
of the organ system, the whole person, and the person’s
environment. This approach can identify areas in which
targeted interventions may improve function or reduce risk
for adverse outcomes. Although this approach has been
designed specifically for older persons, a similar approach
may often be appropriate in other patients with complex
chronic illness.

Table 16.1 summarizes a suggested approach to the sys-
tematic assessment of 10 common problems that are fre-
quently overlooked in hospitalized elders. Seven of these
problems are primarily at the level of organ systems, two
are at the level of the whole person, and one is at the level
of the person’s interaction with the environment. These 10
problems were selected on the basis of their relative impor-
tance, the quality of relevant evidence, and their specificity
to older persons. Other important problems (e.g., use of al-
cohol or tobacco, pain management, and advance direc-
tives) are not specific to older persons, and some problems
specific to the elderly (e.g., age-related decline in renal
function) are widely recognized.

Although this chapter focuses on addressing these prob-
lems in the hospital, it is important to recognize the
importance of continuity of care before and after hospital-
ization. In the care of the hospitalized older patient, initial
and ongoing communication between the hospital physi-
cian and the primary care physician, if these are two different

16
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112 Section I: General Issues in Hospital Medicine

TABLE 16.1
SYSTEMATIC ASSESSMENT OF HOSPITALIZED OLDER PATIENTS: A FRAMEWORK HIGHLIGHTING
10 COMMON PROBLEMS THAT ARE FREQUENTLY OVERLOOKED

Problem (domain of assessment) Assessment methods Illustrative interventions

Assessment at the level of organ systems
1. Atrial fibrillation (cardiovascular) Take pulse, ECG Warfarin, treatment to maintain sinus

rhythm
2. Malnutrition (gastrointestinal) Subjective Global Assessment Supplement water, calorie, protein

(Table 16.2) intake; assess social environment
3. Influenza and pneumococcus (infection) Ask about vaccination Vaccination against influenza,

pneumococcus
4. Cognitive impairment (neurologic) Short Portable Mental Status Evaluate for dementia or delirium;

Questionnaire (Table 16.3) assess social environment
5. Immobility and falls (neurologic) Ask about difficulty walking and falls Avoid restraints and tethers; prescribe

walking and physical therapy
6. Sensory impairment (neurologic) Assess vision and hearing Prosthetics (glasses, hearing aids)
7. Depression (psychological) Depression screen Attention, cognitive therapy,

pharmacotherapy
Assessment at the level of the whole person
8. Disability (activities of daily living) Ask about help needed for basic and Physical and/or occupational therapy;

instrumental activities of daily living assess social environment
9. Suboptimal drug use (pharmaceuticals) Assess indications for therapy, dosing, Modify prescribing

and potential interactions
Assessment at the level of the environment
10. Maltreatment (social support) Ask about level of social support and Early involvement of family and

perceived freedom and safety social services in planning to go
home

Total Under 65 65-74 75-84 Over 85

350%

300%

250%

200%

150%

100%

50%

0%

% increase, 2000 to 2030

% increase, 2000 to 2050

Figure 16.1 The aging of the U.S. population. Projected in-
crease in population cohorts by age between 2000 and 2030 and
between 2000 and 2050. (Source: U.S. Bureau of the Census)

persons (Chapter 1), is essential. Knowledge of the patient’s
prior function, medical and psychosocial history, mental sta-
tus, and values should inform decisions about acute and
post-acute care. Ongoing communication throughout the
hospitalization also helps ensure that there will be continu-
ity of care after discharge.

The proposed approach requires the marshaling of
resources early in the hospitalization, generally in the form

of the time of the physician, nurse, social worker, or other
staff. Two types of evidence suggest that these interventions
are a good investment. First, for each problem, there
is compelling evidence supporting the proposed interven-
tion, either because the efficacy of the intervention is well
established (e.g., warfarin to prevent stroke related to atrial
fibrillation) or because the associated problem is frequent,
often overlooked, and can be relieved with a safe and inex-
pensive intervention. Second, these types of systematic ap-
proaches to the evaluation and management of acutely ill
older persons can improve patient outcomes and reduce
hospital costs (2).

MANAGEMENT OF THE
HOSPITALIZED PATIENT

Assessment at the Level of Organ Systems

Problem 1. Atrial Fibrillation (Cardiovascular
Function)

Rationale. Nonvalvular atrial fibrillation is present in 5% or
more of hospitalized elders, often found as an incidental
finding. Consistent and compelling evidence from ran-
domized trials shows that the risk for stroke in persons with
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atrial fibrillation can be reduced approximately 75% by
treatment with warfarin (e.g., from 4.3% to 0.9% annu-
ally). Moreover, the beneficial effect of warfarin is main-
tained in persons 75 years of age or older and in those with
other risk factors for stroke (3). Alternatively, comparable
benefits may be attained with cardioversion and pharma-
cologic maintenance of sinus rhythm. Nonetheless, many
older patients with atrial fibrillation are discharged from
the hospital without warfarin therapy, even when warfarin
is judged to be appropriate (4). Failure to prescribe war-
farin is likely a consequence of underestimation of the
benefit of therapy, overestimation of its potential risk, and
the difficulty of implementing, monitoring, and modifying
therapy to minimize adverse effects.

Recommendation. Every hospitalized older patient
should be assessed for the presence of chronic nonvalvu-
lar atrial fibrillation by examination of the pulse and elec-
trocardiogram. When atrial fibrillation is diagnosed,
valvular disease and hyperthyroidism should be ruled out.
In the absence of a strong contraindication, treatment
should be instituted to prevent stroke, usually with war-
farin. A strategy of rate control and anticoagulant therapy
may have a lower risk of adverse effects than one focused
on attaining and maintaining sinus rhythm (Chapter 42).

Problem 2. Malnutrition
(Gastrointestinal Function)

Rationale. Serious deficiencies of macronutrients and mi-
cronutrients are common in hospitalized older patients.
Key macronutrients are protein, calories, salt, water, and
fiber. On admission, severe protein-calorie malnutrition is
present in approximately 15% of patients 70 years of age or
older, and moderate malnutrition is present in another
25%. Moreover, 25% of older patients suffer further nutri-
tional depletion during hospitalization. Even after the
underlying illness, its severity, and comorbid illnesses are
controlled for, malnutrition is associated with an increased
risk for death, dependence, and institutionalization (5).

In addition to deficiencies of vitamins and electrolytes
that may develop with protein-calorie malnutrition,

vitamin D deficiency is especially common among hospi-
talized elders. In one large hospital, nearly two-thirds of
medical inpatients 65 years of age or older were deficient
in vitamin D; vitamin D deficiency was nearly as common
in inpatients without a risk factor for vitamin D deficiency
and in those taking multivitamins (6). These data regard-
ing the high prevalence of vitamin D deficiency in hospi-
talized elders complement evidence that vitamin D and
calcium supplementation reduce by half the frequency of
nonvertebral fractures in men and women 65 years of age
or older (7).

Recommendation. Assessment of nutritional status is in-
dicated by three considerations: (i) the poor prognosis of
patients with malnutrition, (ii) the potential benefit of
low-cost, noninvasive interventions, and (iii) increasing
evidence of beneficial effects of nutritional supplementa-
tion on the outcomes of malnourished patients in other
settings (8). The Subjective Global Assessment (9) (Table
16.2) is an inexpensive yet accurate method of systemati-
cally identifying patients who are moderately or severely
malnourished based on weight loss and physical signs of
malnutrition. When malnutrition is identified, remedia-
ble contributing factors should be sought and corrected,
such as difficulty chewing or insufficient time or encour-
agement to eat. Oral feeding is preferred whenever possi-
ble (8). It remains unclear whether the benefits of invasive
alimentation (alimentary or parenteral) outweigh their
risks, yet they may be beneficial in situations in which
prolonging survival is a central goal and the invasive ap-
proach will overcome a critical barrier to feeding (Chapter
15). In patients with a progressive terminal illness in
whom prolongation of life is not a central goal of care, or
in patients who would require long-term restraints for in-
vasive alimentation, the burdens of invasive alimentation
are likely to outweigh the benefits. An open and nonjudg-
mental discussion with the patient or surrogate decision
maker can help clarify the role of nutrition within the
overall goals of care (Chapters 17 and 19).

Long-term supplementation with vitamin D (1,000 IU
daily) and calcium (1,000 mg daily) should be considered
for every hospitalized older person.
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TABLE 16.2
SUBJECTIVE GLOBAL ASSESSMENT OF NUTRITIONAL STATUS

Physical signs of
Weight loss in Weight loss in loss of subcutaneous

Nutritional status past 6 months past 2 weeks fat or muscle

Well nourished �5% — None
�5% None None

Moderately malnourished 5–10% Present Mild
Severely malnourished �10% Present Severe

From Detsky AS, Smalley PS, Chang J. Is this patient malnourished? JAMA 1994;271:54–58, with permission.
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Problem 3. Influenza and Pneumococcus
(Immune Function)

Rationale. Influenza vaccination reduces hospitalization and
mortality in persons 65 years of age or older (10). Pneumo-
coccal vaccination of persons 65 years of age or older reduces
serious pneumococcal infections (11). Influenza vaccination
should be administered annually in the fall, and pneumo-
coccal vaccination should be administered at least once and
probably every 5–10 years. The immune response to vaccina-
tion is not seriously compromised by hospitalization or acute
illness.

Recommendation. All persons 65 years of age or older
should be asked whether they have received influenza or
pneumococcal vaccination. Hospitalization provides an op-
portunity to ensure that these important immunizations are
given to those at risk for serious disease. Influenza vaccine
should be administered annually in the fall. Pneumococcal
vaccine should be administered to all those over 65 who have
not previously been vaccinated or whose vaccination status is
unknown. Those who have received the vaccine more than 
5 years previously and who were under age 65 at the time of
vaccination should receive another dose. Delivery of these
vaccines to appropriate hospitalized patients is increasingly
being assessed in hospital quality report cards, many of which
are being made available to the public (see Chapter 12).

Problem 4. Cognitive Impairment (Neurologic
Function)

Rationale. Underlying cognitive impairment consistent
with dementia is present on admission in 20%–40% of
hospitalized elders and frequently goes undetected (12).

Preexisting cognitive impairment is a risk factor for delir-
ium, falls, use of restraints, and lack of adherence to ther-
apy. Also, there is intrinsic value in identifying previously
undiagnosed dementia so that appropriate evaluation and
management strategies can be implemented after dis-
charge. Tests of mental status are sensitive and specific for
dementia. For example, in one study of hospitalized elders,
three or more errors on the 10-item Short Portable Mental
Status Questionnaire (13) (Table 16.3) was 87% sensitive
and 99% specific for a diagnosis of dementia (14).

Delirium is present in 10%–15% of hospitalized elders on
admission and develops in up to 30% during the course of
hospitalization (15). Delirium is associated with increased
rates of in-hospital death, nursing home placement, and pro-
longed length of stay, and it may worsen chronic cognitive
impairment. Roughly one-third of delirium cases are pre-
ventable by appropriately managing these six risk factors:
cognitive impairment, sleep deprivation, immobility, visual
impairment, hearing impairment, and dehydration (16).

Recommendation. Mental status should be assessed by
using an established test of cognitive function, such as the
Short Portable Mental Status Questionnaire (Table 16.3)
or the 30-item Mini-Mental State Exam. The diagnosis of
dementia should be considered in those patients with
three or more errors on the Short Portable Mental Status
Questionnaire or a score of 24 or less on the Mini-Mental
State Exam. When dementia is a possibility, the patient
should be assessed to rule out reversible causes and to
identify those for whom pharmacologic therapy and
family oriented interventions are warranted.

The diagnosis of delirium should be considered when
any of the following are observed: fluctuation in mental
status or behavior, inattention, disorganized thinking, and

114 Section I: General Issues in Hospital Medicine

TABLE 16.3
THE 10 ITEMS OF THE SHORT PORTABLE MENTAL STATUS
QUESTIONNAIRE

Item Correct response

1. What is the date today? Exact month, date, and year
2. What day of the week is it? Day of the week
3. What is the name of this place? Any correct description of the location
4. What is your telephone number? Correct number, or consistently given

number if the correct  number is not
known to the examiner

5. How old are you? Stated age corresponds to date of birth
6. When were you born? Correct month, date, and year
7. Who is the President of the U.S. now? Last name of the President
8. Who was President just before him? Last name of the previous President
9. What was your mother’s maiden name? Any female first name, and a last name

different from the subject’s
10. Subtract 3 from 20 and keep subtracting 3 17, 14, 11, 8, 5, 2

from each new number, all the way down.

From Pfeiffer E. A short portable mental status questionnaire for the assessment of organic brain deficit in
elderly patients. J Am Geriatr Soc 1975;23:433–441, with permission.
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altered consciousness. Prudent measures to prevent or
ameliorate delirium include avoiding medicines associated
with delirium whenever possible, treating infection and
fever, detecting and correcting metabolic abnormalities,
frequently orienting patients with cognitive or sensory im-
pairment, and walking.

Problem 5. Immobility and Falls
(Neurologic Function)

Rationale. Walking facilitates the performance of virtually
all basic and instrumental ADL. The ability to walk briskly
and the habit of regularly walking 1 mile or more daily are
associated with prolonged survival (17). Immobility dur-
ing hospitalization, however, leads rapidly to decondition-
ing and subsequent difficulty walking. The major adverse
effect of walking is falling, which can lead to serious injury.
Falls and fall-related injuries are associated with cognitive
impairment; abnormalities of cognition, gait, balance, and
the lower extremities; and multiple chronic medical condi-
tions and depression (18, 19).

Recommendation. The ability to get up from bed, gait,
balance, lower extremity strength and anatomy, cognition,
and mood should be assessed during the initial physical
examination. Persons able to walk independently should
be encouraged to do so frequently during hospitalization.
The hospital staff should assist those able to walk but un-
able to do so alone safely several times daily. Formal phys-
ical therapy may yield additional benefits. Risk for falls
should be assessed by inquiring about a history of falls and
by examination. Adopting interventions that reduce falls in
other settings may also prevent falls in the hospital (20).
Prudent preventive strategies include minimizing bed rest
when possible and providing in-bed physical conditioning
when bed rest is required, assisting with walking for those
who walk with difficulty, and providing physical therapy
for those with weakness or gait abnormalities. Soft-tissue
and bony abnormalities of the feet should receive appro-
priate podiatric care. Restraints and tethers have not been
shown to reduce fall-related injuries and may result in a va-
riety of untoward consequences, including strangulation.
Their use should not generally be considered a strategy to
reduce falls.

Problem 6. Sensory Impairment
(Neurologic Function)

Rationale. Most hospitalized elders have impaired vision or
hearing, and these sensory impairments are risk factors for
falls, incontinence, and functional dependence (18). Al-
though most visual and hearing impairments are readily
corrected by glasses or hearing aids, these appliances are of-
ten not brought to or lost in the hospital. Addressing sen-
sory impairment is part of an effective strategy to prevent
delirium (16).

Recommendation. Hospitalized elders should be rou-
tinely screened for visual and hearing impairments by ask-
ing if they have difficulty with seeing or hearing and
whether they use glasses or a hearing aid. Physical exami-
nation should include a test of visual acuity (e.g., with a
pocket card of the Jaeger eye test) and the whisper test of
hearing (in which a short, easily answered question is whis-
pered in each ear) (21). In people with visual or hearing
impairments, glasses or a hearing aid should be provided
(ideally brought from home), and the staff should be
informed that patients may need to use an appliance to
communicate effectively. Some hospital units have found it
useful to have “pocket amplifiers” and magnification
devices on hand to assist in communicating with older
persons who lack glasses or hearing aids.

Problem 7. Depression (Psychological Function)

Rationale. Depressive symptoms in hospitalized elders are
common and prognostically important, and they can po-
tentially be ameliorated. Major or minor depression occurs
in roughly one-third of hospitalized patients age 65 years
or older but is often missed. The presence of depressive
symptoms is associated with increased risk for dependence
in ADL, nursing home placement, and shortened long-term
survival, even after baseline function and the severity of
acute and chronic illness are controlled for (22).

Recommendation. The possibility of depression should
be considered in hospitalized older patients, who should
be asked whether they feel down, depressed, or hopeless,
or whether they have lost interest or pleasure in doing
things (23). A positive response to any one of these ques-
tions should trigger a formal assessment for an affective
disorder. In hospitalized elders, the presence of three or
more of 11 depressive symptoms has been found to be
83% sensitive and 77% specific for a diagnosis of major
depression (24).

Detection is the first and most important step in the
management of depression, which is frequently missed
in hospitalized elders. Psychotherapeutic interventions
(environmental, behavioral, cognitive, and family) are
safe and often effective, and they should be initiated in
all patients with suspected depression. It is rarely neces-
sary to begin pharmacotherapy during hospitalization
for a medical or surgical condition, but follow-up shortly
after discharge is critical. Strategies incorporating cogni-
tive problem-solving therapy and pharmacotherapy may
be most effective (25). If pharmacotherapy is initiated,
selective serotonin reuptake inhibitors are often pre-
ferred because tricyclic antidepressants are contraindi-
cated in approximately 50% of older hospitalized
patients (26). Tricyclic antidepressants are probably
more effective in older patients with severe depression; if
tricyclic antidepressants are used, desipramine and nor-
triptyline have fewer anticholinergic and cardiac side
effects than do other agents (Chapter 119).

Chapter 16: Approach to the Hospitalized Older Patient 115

26410 ch 016  3/11/05  3:15 PM  Page 115



Assessment at the Level of the Whole Person

Problem 8. Disability (Activities of Daily Living)

Rationale. The performance of ADL is necessary to live
independently, and dependence in ADL is independently
associated with worse quality of life, shortened survival,
and increased resource use (27). ADL have traditionally
been divided into those performed on a daily basis in the
home (e.g., bathing, dressing, using the toilet, transferring
from a bed to a chair, eating, and maintaining conti-
nence) and those that involve higher levels of integrative
function (e.g., cooking, doing household chores, using
transportation, and handling financial and medical mat-
ters). Although walking is sometimes considered an ADL,
it is often considered separately because it facilitates many
of the other activities but is not necessary for any one
of them.

Recommendation. The ability to perform basic and in-
strumental ADL should be determined at the time of ad-
mission. The etiology of dependence in ADL should be
determined (e.g., dependence in instrumental ADL is often
associated with dementia), and strategies to maintain and
improve functional capacity, such as physical and occupa-
tional therapy, should be considered. These strategies may
be best implemented by ward staff (i.e., nurses or case man-
agers) without physician consultation or referral (16).
Social work consultation and early involvement of family
or other caregivers is often necessary to plan post-discharge
care for those dependent in ADL (see Chapter 5).

Problem 9. Suboptimal Drug Use
(Pharmaceuticals)

Rationale. The number of drugs prescribed to hospitalized
patients is directly proportional to their age. Moreover,
hospitalization is a period of rapid turnover in drug thera-
pies for elders. In one study, 40% of drugs prescribed be-
fore admission were discontinued during hospitalization,
and 45% of drugs prescribed at discharge were started dur-
ing hospitalization (28). Although older patients are at
increased risk for inappropriate drug therapy, adverse drug
effects, and drug–drug interactions, they may also be un-
dertreated when effective therapies are not used or are used
in inadequate doses. Thus, hospitalization is an opportu-
nity for a thorough review of each older patient’s medica-
tions and to make adjustments as needed. In one study,
88% of older hospitalized patients had one or more clini-
cally significant drug problems, and 22% had at least one
potentially serious and life-threatening problem (29). Con-
sultation with clinical pharmacists can lead to more appro-
priate prescribing and improved adherence (30) in hospi-
talized elders.

Recommendation. Each patient’s medications should
be reviewed on admission, and those that are unnecessary
or have low therapeutic indices (e.g., sedative–hypnotics)

should be discontinued. During hospitalization and
discharge, medications should be reviewed in six common
categories: inappropriate choice of therapy; dosage;
schedule; drug–drug interactions; therapeutic duplication;
and allergy. Also, neglected therapies (e.g., vitamin D
and calcium) should be considered and instituted if
appropriate.

Assessment at the Level of the Environment

Problem 10. Maltreatment (Social Support)

Rationale. Hospitalization of older persons is sometimes
precipitated by maltreatment, which includes physical or
psychological abuse, neglect, self-neglect, exploitation,
and abandonment. Although elder maltreatment was not
recognized in the medical literature until 1975, it is now
estimated to affect 1 to 2 million Americans annually. In
a large, prospective cohort study, the annual incidence of
referral to protective services for mistreatment was ap-
proximately 1% among persons age 65 years or older
(31). Those referred for abuse, neglect, or exploitation had
a lower survival rate during 13 years of follow-up (9%)
than did those referred for self-neglect (17%) and those
not referred (40%). Most older persons referred to protec-
tive services because of physical abuse have been seen in
hospital emergency departments, and many emergency
department visits lead to hospitalization. Sociodemo-
graphic factors such as poverty, age greater than 75 years,
and nonwhite race are the strongest predictors of elder
maltreatment (32).

Recommendation. Universal screening for maltreatment
has been recommended and can be implemented by asking
each older patient, “Do you feel safe returning where you
live?” However, it must be recognized that the sensitivity and
specificity of this and other screening approaches are un-
known. Further questions can explore the living situation and
specific settings or aspects of maltreatment. The diagnosis of
maltreatment should be considered when physical or
psychological stigmata (e.g., unexplained injury, dehydra-
tion, malnutrition, social withdrawal, recalcitrant depression
or anxiety) are present. When maltreatment is suspected,
Adult Protective Services or the equivalent state agency
should be contacted; such contact is required in most states.

KEY POINTS

■ Older persons, the fastest-growing segment of the U.S.
population, are at disproportionate risk for hospitaliza-
tion. Once hospitalized, many older patients lose signif-
icant functional ability.

■ A systematic approach is needed to address the problems
of hospitalized older patients.

■ Underdiagnosis and undertreatment of common medi-
cal problems, such as atrial fibrillation, malnutrition,
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delirium, and depression, may contribute to excess mor-
tality and morbidity.

■ Efforts should be made to diagnose sensory (such as
hearing and vision) and cognitive impairment in elderly
inpatients.

■ Hospitalization is a good time to review drug use and
assess possible toxicity or interactions.

■ All hospitalized older patients should be screened for
maltreatment.
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Ethical Issues in the 

Hospitalized Patient
Steven Z. Pantilat Bernard Lo

INTRODUCTION

Physicians commonly face ethical dilemmas in the care of
inpatients. The family of an elderly Chinese man with newly
diagnosed hepatocellular carcinoma asks you not to inform
the patient of the diagnosis. The children of a comatose
woman with end-stage cirrhosis cannot agree on code sta-
tus. A patient with end-stage metastatic pancreatic cancer is
admitted as a full code. The renal consultant says that it is
futile to initiate dialysis on a patient with dementia. A
patient who you believe is medically ready for discharge
refuses to go home. Such ethical issues can be difficult to
resolve, time-consuming, and emotionally draining.

In the ethical arena, primary physicians caring for
their own inpatients have an advantage. A hospital physician
who is not the primary provider (as in the case of a hospitalist
or a house officer on an inpatient rotation) must spend time
getting to know the patient and developing a relationship. In
such cases, hospital physicians often benefit by learning the
patient’s goals, values, need for information, and specific
preferences for care from the primary care physician.

PRINCIPLES OF MEDICAL ETHICS

In caring for patients, physicians should follow the fun-
damental ethical principles of autonomy, beneficence, 
non-maleficence, justice, and confidentiality.

Autonomy. Physicians must respect a patient’s right to
make decisions regarding medical care. Competent,
informed patients have the right to choose among
treatment options and refuse any unwanted medical
interventions.

Beneficence. Physicians must act in the best interests of
their patients. Patients are vulnerable because of illness
and lack of medical expertise. Therefore, they rely on
physicians to offer sound advice and act according to
patients’ best interests. In doing so, physicians must
put the interests of their patients ahead of their own in-
terests or those of third parties, such as insurers or
managed care organizations. If patients lack decision-
making capacity, they need to be protected from mak-
ing decisions that are contrary to their best interests.

Non-maleficence. The related principle of non-maleficence
directs physicians to “do no harm” to patients. Physi-
cians must refrain from providing ineffective treat-
ments or acting with malice toward patients. This
principle, however, offers little useful guidance to
physicians because many beneficial therapies also
have serious risks. The pertinent ethical issue is
whether the benefits outweigh the burdens.

Justice. Physicians should treat similarly situated pa-
tients similarly and allocate resources fairly. In the
face of limited health care resources, physicians
should practice cost-effective medicine.

Confidentiality. Physicians must maintain the confiden-
tiality of medical information. Confidentiality re-
spects patient autonomy and encourages patients to
seek care and be candid. However, confidentiality can
be overridden to protect third parties when there is the
potential for serious, foreseeable harm to third par-
ties. Legally-mandated reporting may include certain
infectious diseases like tuberculosis, loss of con-
sciousness, child or elder abuse, or domestic violence.

These ethical principles guide and inform the process of
gaining consent for or confirming refusal of treatment at
every stage of the patient-physician relationship, including

17
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times when emotionally charged end-of-life decisions are
being considered.

CARE OF THE HOSPITALIZED PATIENT

Decisions for Competent Patients

The centerpiece of ethical delivery of care is informed
decision making. Informed, competent patients have the
right to choose among, consent to, or refuse medically
feasible options for care.

Our understanding of decision making and care for
seriously ill hospitalized patients in the United States has
been markedly enhanced by the results of the Study to Un-
derstand Prognoses and Preferences for Outcomes and Risks
of Treatment (SUPPORT) (1). SUPPORT was a large, multi-
center, randomized controlled trial designed to study deci-
sion making at the end of life. In addition, SUPPORT aimed
to facilitate communication between seriously ill patients
and physicians regarding prognosis and advance directives,
and also to decrease pain and eliminate unwanted interven-
tions at the end of life. Although the intervention improved
neither care nor decision making, SUPPORT did provide a
wealth of information regarding the treatment of symptoms
and the process of communication and decision making for
seriously ill patients. Some of its important findings were
that physicians are often unaware of their patients’ prefer-
ences for care; that even when patients preferred to have a
“do not resuscitate” (DNR) order written, physicians wrote
such orders in only 49% of cases; and that half the patients
suffered moderate-to-severe pain in the last 3 days of life.

Decision-Making Capacity

Patients are presumed to have the capacity to make medical
decisions unless it is determined otherwise. Decision-
making capacity is ascertained by considering the patient’s
ability to make an informed decision regarding a specific in-
tervention, rather than by a global assessment of mental
function (2). Particular diagnoses or medical conditions
such as dementia, depression, or hypoxemia do not, a priori,
mean that a patient lacks decision-making capacity. When in
doubt, the physician must assess such capacity formally.

Patients are considered to have adequate decision-
making capacity if they can give informed consent for an
intervention. Specifically, physicians must ensure the
following:
■ The patient can make and communicate a choice.
■ The choice is stable over time and consistent with the pa-

tient’s values and goals.
■ The patient appreciates the indications, benefits, and

risks of the proposed intervention and the alternatives.
■ The decision does not result from delusions, psychosis,

or mental illness.
Primary care physicians can help assess whether patients are
making decisions consistent with their values and goals and

whether their mental status differs substantially from base-
line. For example, a patient with severe chronic obstructive
pulmonary disease may have indicated a desire for intuba-
tion in past office discussions with the primary care physi-
cian and family. If the patient refuses intubation at the time
of a severe exacerbation characterized by hypoxia and
sepsis, but the hospital physician determines that the pa-
tient now lacks decision-making capacity, the hospital
physician should override the patient’s refusal in favor of
the one expressed when the patient had full decision-
making capacity.

In assessing decision-making capacity, the attending
physician should explain the proposed intervention, risks,
benefits, and alternatives, including the option to decline
treatment. The physician should then ask the patient to
paraphrase the information and try to uncover any internal
inconsistencies in the patient’s reasoning. For example, the
physician might say to the patient who is refusing amputa-
tion of a gangrenous leg, “Help me understand. You say you
want to get rid of the pain and bad smell from your leg but
don’t want surgery. Could you please explain that to me?”
Such probing questions help clarify issues for the patient as
well as the physician. Mental status testing can be helpful,
but patients who score poorly on a formal mental status
exam (such as in Table 16.3) may still be able to give in-
formed consent, and patients who score well may deny their
condition or change their minds frequently. In addition, al-
though not required routinely, psychiatric consultation can
help determine whether delusions, psychosis, or depression
are seriously impairing a patient’s capacity to decide.

Although the courts are the ultimate arbiters of whether
a patient is competent to refuse medical interventions,
physicians routinely assess decision-making capacity at the
bedside and turn to surrogates or advance directives if they
determine that patients lack this capacity. Nonetheless, it
may be necessary and desirable to obtain a court order in
rare cases, such as when a patient who lacks decision-
making capacity and has no surrogate is actively refusing an
invasive procedure or risky treatment designed to save life
or function.

Informed Consent

In soliciting informed consent, physicians should provide
information about the risks, benefits, and consequences of
proposed treatments and alternatives. They should listen
more than talk, and use language the patient can under-
stand. Tulsky et al. (3) found that when discussing code
status with hospitalized patients, medical house officers
spoke more than three-fourths of the time, often used
jargon, and frequently missed opportunities for empathic
connection. The use of simple statements such as “tell me
more about that” or simply “uh huh” may encourage
patients to speak more.

Patients’ desire for information may depend on their
cultural background (4). For example, the family of an
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elderly Chinese man who has been given a diagnosis of
hepatocellular carcinoma may request that the physician
not tell the patient the diagnosis. They may believe that
speaking of the bad news to the patient will take away all
hope and cause a poor outcome. One way of dealing with
such family requests is to say to the patient, “I have infor-
mation about your condition. I generally give this type of
information directly to my patients, but some patients pre-
fer that I speak to a family member or friend instead. What
would you like me to do?” Even better, ask patients how
they would want you to communicate information about
the test results before ordering the test.

Refusal of Therapy

Most patients accept treatments recommended by their
physician. However, some patients may refuse treatments
that the physician believes are highly beneficial (e.g., am-
putation of a gangrenous leg). In such circumstances, it is
appropriate for the physician to try to persuade the patient
to accept beneficial treatments, although the physician
should not badger the patient or misrepresent the facts. The
physician should check that the patient is fully informed of
the consequences of the decision and has the capacity to
make informed decisions. In the end, the physician must
respect a competent, informed patient’s right to make deci-
sions about medical care, even if the physician believes a
decision is unwise.

Patients Who Lack Decision-Making Capacity

Hospitalized patients may be unable to participate in deci-
sion making because of medical illness, psychiatric illness,

medications, delirium, or dementia. In such circumstances,
the physician’s obligation is to protect the patient from
the adverse consequences of uninformed decisions. This
can be done by consulting an advance directive or an
appropriate surrogate.

Advance Directives

Advance directives are oral or written statements, made
by patients when competent, to guide care if they lose
decision-making capacity. Advance directives may offer
substantive directions regarding care, designate a surro-
gate decision maker, or do both. Physicians must respect
advance directives because they promote the patient’s
autonomy by extending it into the future. The extra effort
and consideration required to complete written advance
directives give them more weight than oral statements.
Nonetheless, in the absence of a written advance directive,
clear oral statements of a patient’s preferences are ethically
acceptable and should be respected. Because some patients
fear that in completing an advance directive they relinquish
their decision-making authority, it is important to inform
them that advance directives take effect only if they
lose decision-making capacity. Among the issues com-
monly addressed in advance directives are the desire for
cardiopulmonary resuscitation (CPR), mechanical ventila-
tion, transfer to the intensive care unit, and artificial hydra-
tion and nutrition. If the patient with the advance directive
shown in Figure 17.1 was admitted with pneumococcal
sepsis and was unable to communicate any preferences, the
prior written statement would offer guidelines to her surro-
gate and physician regarding her preferences for care. In
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I, Carmen Picatta, hereby appoint:

Name: Robert Picatta
Address: 123 Main St., San Francisco, CA  94110
Telephone Number: 415/555-1212

As my agent to make health care decisions for me.

If I become ill and need machines to keep me alive, I am willing to have them if there is hope that I will ultimately
be able to live independently without them. I do not want to be kept alive on machines indefinitely.

If my heart stops, I want to be allowed to die peacefully.  I do not wish to have CPR under any circumstances.

Witness:_______________________________ Signature: _______________________________

Witness:________________________________

Figure 17.1 Example of an advance directive.
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this case, a trial of mechanical ventilation and a DNR order
would be consistent with the patient’s wishes and represent
the appropriate course of action.

Among the limitations of advance directives are that
few people have them, they are usually not available to
the hospital physician at the time a decision must be
made, and they often fail to address the specific clinical
situation at hand (5). When advance directives do provide
adequate guidance or designate a surrogate, they must be
respected.

Surrogate Decision-Making

If it is feasible, the hospital physician should elicit patient
preferences regarding CPR and other aspects of medical
care, in addition to the patient’s general values, goals, and
choice of a surrogate, before this information is actually
needed. For example, at the time of admission the physi-
cian could say, “There is something I talk about with all the
patients I care for in the hospital: Who will help me make
decisions about your medical care if you get too sick to
tell me directly?” Such a statement serves to normalize
the discussion and lessen patient concerns that the physi-
cian is raising these issues because of a belief that some-
thing bad will happen to the patient. Once the physician

has established the patient’s choice of a surrogate, he or she
can ask whether the surrogate has been informed of the
patient’s preferences. The physician can then ask directly
about the patient’s preferences for CPR. Because patients
who have overly optimistic impressions of the outcomes of
CPR are less likely to request it after learning of the actual
chance of success, physicians should inform patients of
the outcomes in addition to the risks and benefits of CPR
(6) (Table 17.1). Finally, physicians should remind
patients and all members of the health care team that a
DNR order itself has no bearing on the provision of any
other treatments.

When an advance directive is unavailable and an appro-
priate surrogate has not been previously designated, it falls
to the physician to identify a surrogate for an incompetent
patient. In the ideal setting, the surrogate will be someone
who knows the patient well, understands the patient’s val-
ues and goals, has discussed with the patient what he or she
would want done in certain circumstances, and is commit-
ted to acting in the patient’s best interests. The physician
needs to probe for statements the patient may have made
about values and goals of care, what circumstances the
patient had in mind, and whether the patient understood
the consequences and alternatives. The goal is to achieve
substituted judgment, in which decisions are made as
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TABLE 17.1
OUTCOMES OF INTERVENTIONS THAT ARE SOMETIMES CALLED “FUTILE”a

Study Patients Intervention Outcome Percentage/(n)

Rubenfeld and Bone marrow transplant Mechanical ventilation Survival 30 days after 0 (0/53)
Crawford, 1996 (17) recipients with sepsis or extubation and discharge

renal and hepatic failure, from the hospital
and respiratory failure

Wachter et al., AIDS patients with PCP Mechanical ventilation Survival to hospital discharge 0 (14/35)
1991 (8) and respiratory failure

Bedell et al., 1983 (9) All hospitalized patients CPR Survival to hospital discharge 14 (41/294)
who suffer cardiac arrest

Subset of patients with CPR Survival to hospital discharge 0 (0/58)
pneumonia

Subset of patients with CPR Survival to hospital discharge 5 (3/64)
creatinine �2.5 mg/dL

Taffet et al., 1988 (10)b Hospitalized patients age CPR Survival after code 31 (24/77)
70 or greater who suffer Survival at 24 hours 29 (22/77)
cardiac arrest Survival to hospital discharge 0 (0/77)

Hospitalized patients less CPR Survival after code 43 (137/322)
than 70 years of age who Survival at 24 hours 39 (124/322)
suffer cardiac arrest Survival to hospital discharge 7 (22/322)
Subset of patients with CPR Survival to hospital discharge 0 (0/89)

cancer
Subset of patients CPR Survival to hospital discharge 9 (21/240)

without cancer

aReaders may wish to contrast the outcomes with Schneiderman’s “zero out of 100” standard in deciding whether the interventions are in fact
“futile” (12).
bA total of 399 CPR efforts were made for 329 patients. Data for patients over and under age 70 are reported per CPR effort; data for
patients with and without cancer are reported per patient.
CPR, cardiopulmonary resuscitation; PCP, Pneumocystis jirovecii pneumonia.
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patients would make them, not as surrogates want to make
them for patients or would want to make them for them-
selves. Virtually all states allow patients to designate a
surrogate or health care proxy. In New York and Missouri,
state laws require a high standard of evidence regarding a
patient’s oral directives and restricts the ability of family
members to limit some care in the absence of formal
advance directives. Despite such laws, sound clinical and
professional ethics advocate respecting a patient’s wishes,
even if they were orally expressed, and acting in the
patient’s best interest.

In the absence of a prior designation, it is customary to
turn to family. The surrogate hierarchy typically begins
with the spouse, then adult children, then other family
members, and finally friends. This approach is appropriate
because these people are most likely to know the patient’s
preferences, to the keep the patient’s best interests fore-
most, and to advocate on the patient’s behalf. Certain
states, such as Illinois, have laws that designate which fam-
ily members have priority as surrogates. In some cases, it is
difficult to determine who the appropriate surrogate
should be. For example, an elderly woman who is co-
matose with end-stage cirrhosis and who gave no advance
directive may have two adult children who disagree about
her code status. In such circumstances, it is helpful to fo-
cus the discussion on what the patient would want in that
particular situation. It may require repeated discussions
with the patient’s children to reach a mutually agreeable
decision (12). Other members of the health care team, es-
pecially social workers, chaplains, and nurses, may be
helpful in talking with the surrogates (Chapter 4).

Realistically, surrogates often do not know what the
patient herself would have wanted, and decisions are
based on the best interests of the patient rather than on
substituted judgment. When the physician cannot
identify a surrogate for an incompetent patient, it is
appropriate for the physician to make decisions based on
a perception of the patient’s best interests, considering
both the quality and duration of life. Quality-of-life con-
siderations must be made with care because of the poten-
tial for bias, as physicians and family members tend to
underestimate the value that patients place on their qual-
ity of life.

DO NOT RESUSCITATE ORDERS AND
DECISIONS ABOUT LIFE-SUSTAINING
INTERVENTIONS

Decisions about CPR and life-sustaining interventions
are very common in the hospital. For example, one
study found that decisions to withhold or withdraw life-
sustaining interventions accompanied by the writing of
DNR orders preceded 90% of deaths in the intensive care
units at two teaching hospitals (12). Figure 17.2 provides

an algorithm regarding decisions about life-sustaining in-
terventions.

Although DNR orders are common, problems with
them remain. First, although physicians may fear that
discussing DNR orders will upset patients, studies confirm
that the vast majority of patients want to discuss these
issues, expect physicians to initiate the discussion, and may
be more satisfied with their care after these discussions
(13). Second, there are large variations in how often physi-
cians write DNR orders for patients with different diseases
but similar prognoses (14), reflecting a potential inequity
in treatment. Finally, many physicians fail to write DNR
orders for patients who want them (1). Thus, the hospital
physician has a responsibility to initiate discussions
about DNR orders, to raise the issue equally with all
patients, and to write DNR orders when patients request
that they do so.

Most patients who ultimately receive DNR orders are
competent at the time of admission but not competent
when the DNR order is finally written (1). Therefore, physi-
cians should routinely discuss code status with patients at the
time of admission. In fact, hospital physicians treating a pa-
tient for the first time can turn the disadvantage of not
knowing the patient into an advantage in discussing code
status by honestly saying, “I haven’t met you before, and it’s
important for me to know you as a person and what’s im-
portant to you about your medical care.” Even if the pri-
mary care physician has already discussed code status with
the patient, the hospital physician can confirm that the pa-
tient has made an informed choice and has not had a
change of heart.

In the absence of a written DNR order, CPR is initiated
for all patients in the hospital who have a cardiopulmonary
arrest. This presumption to use CPR is based on the ethical
principle of beneficence and the goal of providing a poten-
tially life-saving intervention to patients. In addition, first
responders to a cardiac arrest usually do not know the pa-
tient. If CPR is not initiated immediately, its effectiveness is
reduced. This approach places a responsibility on physi-
cians to establish a code status for each patient early in the
hospitalization so that they can respect the wishes of pa-
tients who want to forgo CPR.

Do Not Resuscitate Orders in the
Operating Room

Occasionally, patients with DNR orders require surgery or
an invasive procedure. Some physicians are reluctant to al-
low a DNR order to remain in effect in the operating room.
They argue that general anesthesia and conscious sedation
can precipitate the need for more formal resuscitation, and
that it is too difficult to operate or administer anesthesia
with limitations placed on resuscitative interventions. De-
spite these arguments, some patients may wish to have
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Considering the use of a life-sustaining intervention
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Figure 17.2 Decisions regarding life-sustaining interventions.

surgery to palliate pain or relieve a bowel obstruction yet
feel that if they had a cardiopulmonary arrest for any
reason in the operating room, they would not want CPR
initiated. Physicians should not refuse to perform an oper-
ation for a patient simply because the patient insists on
forgoing CPR (15). In order to respect patient autonomy, it
is best to reconsider code status before surgery and other
invasive procedures, to explain how resuscitative efforts
work, and to respect the patient’s request to keep a DNR or-
der in effect.

Withdrawal and Withholding of Interventions

Withdrawing and withholding life-sustaining interventions
are ethically and legally equivalent, although the former is
often more emotionally difficult than the latter (16). If
interventions could not be withdrawn, patients might be
reluctant to attempt them even if potentially beneficial for
fear they could not be withdrawn later.

Most often, the physical withdrawal of an intervention
falls to nurses or respiratory therapists, not physicians. It is
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helpful if the attending physician is present or available
when care is withdrawn to lend support, respond to prob-
lems, and ensure that the patient’s suffering is alleviated.
The process of withdrawing ventilation (“terminal wean-
ing”) is described in Chapter 23, and additional issues in
end-of-life care are described in Chapter 19.

Futile Interventions

Occasionally, patients or their surrogates may demand care
that the physician believes does not provide any potential
medical benefit. Physicians should discuss these situations
with patients and surrogates and strongly recommend
against such interventions.

Physicians are not obligated to provide an intervention
when:

■ The intervention has been tried and failed.
■ There is no pathophysiologic rationale for the interven-

tion.
■ Maximal therapy is failing.
■ The intervention cannot achieve the goals of care.

In these situations, interventions are considered futile.
The term futility is often used by physicians to justify uni-
lateral decisions to withhold certain interventions re-
quested by the patient or surrogate. Such unilateral deci-
sions override the patient’s autonomy and the power of
surrogates to make decisions for incompetent patients.
Hence, unilateral judgments of futility must be made care-
fully. Schneiderman and colleagues have proposed a “zero
out of 100” standard that restricts the use of the term fu-
tility to cases in which no successes have been seen in the
last 100 similar circumstances (10). Despite seeming ob-
jective, such a standard is arbitrary and is not universally
accepted by patients or physicians as defining futile care.
Still, by this or any comparable standard, it is clear that
true futility is rare (Table 17.1) and that physicians often
use the term loosely.

In general, it is best to talk about potentially futile situ-
ations with patients and their surrogates because an agree-
ment can be reached in almost all circumstances. Even
prolonged discussions are preferable to unilateral decisions
by the physician that alienate patients and erode trust in
the medical care system (17).

Leaving Against Medical Advice

Physicians may encounter a patient who seeks to leave the
hospital “against medical advice.” In such a case, the physi-
cian should explore the reasons for the patient’s decision in
the hope of uncovering misunderstandings or concerns
that can be addressed. If the patient insists on leaving the
hospital despite these discussions, the physician should
respect the patient’s choice by providing the medications,
referrals, instructions, home care, and follow-up necessary
to maximize the medical outcome. Some physicians are re-

luctant to arrange for such services because they fear they
will be liable for providing substandard care. However,
the physician’s duty to act in the patient’s best interest re-
quires that the physician try to optimize a patient’s care
even if the patient refuses the level of care recommended by
the physician.

When patients decide to leave against medical advice, it
is helpful, but not absolutely necessary, to have them sign
a form stating that they understand and accept the risks as-
sociated with leaving. More important than this signature is
that a patient be offered services to aid recovery, and that
both the patient’s understanding of the risks and the at-
tempts to convince the patient to remain in the hospital are
carefully documented in the chart.

Emergency Procedures

Occasionally, physicians confront emergency situations
in which immediate treatment is necessary to save life
or limb, the patient is incapable of giving consent, and a
surrogate cannot be located. There is a widespread miscon-
ception that in such situations it is necessary to invoke
a “two-physician hold,” whereby two physicians verify
that the patient requires emergency treatment and is
incapable of consenting to it. In fact, a determination by
one attending physician is sufficient to initiate emergency
treatment. In the absence of a DNR order, the presumption
is that people would want such care and would not want
care delayed by the lack of consent. After the immediate
threat is dealt with, the physician should make every effort
to discuss ongoing care with the patient or an appropriate
surrogate.

ISSUES IN THE CURRENT HEALTH
CARE ENVIRONMENT

Ethical challenges arise as a result of the current emphasis
on restraining health care inflation. Although controlling
costs is important, the mechanisms used to achieve this
goal—financial incentives and utilization review, among
others—may create conflicts of interest for physicians (18).
Nonetheless, physicians have a responsibility to allocate
health care resources justly and are not obligated to order
an intervention simply because a patient requests it.

Timing of Hospital Discharge

One common situation that exemplifies this issue in-
volves length of stay and the timing of hospital discharge.
If a patient with community-acquired pneumonia is clin-
ically stable and medically ready for discharge but refuses
to go home, the physician should try to elicit and address
the patient’s concerns. A patient who is afebrile, breathing
room air, and taking oral antibiotics may still feel too
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weak to go home despite being clinically stable for
discharge. Attending to details like social support, trans-
portation, in-home services, rehabilitation, and follow-up
may allay a patient’s fears about leaving the hospital. 
If the patient still feels uncomfortable about going home
and there is no one at home to care for the patient, short-
term placement in a skilled-nursing facility may be 
appropriate. Patients who still refuse discharge should 
be informed that they may be at financial risk for subse-
quent hospital days. Although the patient’s request to re-
main in the hospital is an expression of the patient’s au-
tonomy, a physician’s responsibility to allocate resources
justly means that the patient’s request may be rightfully
refused.

In some situations, the physician believes that the
patient is not quite ready for discharge but the insurer or
medical group determines that the patient has exceeded
the allocated length of stay. Payers may stop or reduce
hospital payments at this point. In such situations,
the physician has an obligation to advocate on behalf of
the patient. The physician should not misrepresent the
patient’s condition or institute or continue unnecessary
interventions to secure payment, but should make neces-
sary phone calls and write letters to secure additional
days. Finally, physicians should keep in mind that length
of stay and other guidelines are recommendations, not
requirements. A compassionate and effective system
will allow for outliers and the use of discretion in indi-
vidual cases.

Confidentiality and Privacy

Patients expect that their medical information will be kept
confidential, and it is this knowledge that helps encourage
patients to seek medical care and reveal sensitive informa-
tion to clinicians. Challenges to confidentiality abound
and clinicians must be mindful not to discuss private pa-
tient information in public places. The federal govern-
ment issued new federal privacy regulations under the
Health Insurance Portability and Accountability Act
(HIPAA) that took effect in April 2003 (19). These regula-
tions cover identifiable health information in electronic,
paper, or oral form. Under these regulations, providers
and health plans must notify patients about privacy, de-
velop organizational policies and procedures regarding
privacy, and educate staff about privacy issues. Despite
concerns that the regulations might interfere in the care of
patients, they are designed not to. They allow for the use
or disclosure of personal patient information without
consent for clinical care, treatment, payment, and health
care operations. The latter category includes quality assur-
ance and quality improvement programs, accreditation
and licensing, training programs, and business planning.
Similarly, no patient consent is required for use of or dis-
closure of patient information for public health, abuse,

neglect, or domestic violence reporting, judicial or admin-
istrative proceedings, and law enforcement purposes. Un-
der HIPAA, patients must give specific authorization for
use of their personal information for marketing and most
clinical research. HIPAA also provides patients with the
right to review their medical records and request that cor-
rections be made. States and health care organizations
may have confidentiality laws or policies that are stricter
than the federal regulations.

In caring for patients in the hospital, these regulations
reinforce the ethical principle of confidentiality. Hospital
physicians should continue to discuss patients with col-
leagues involved in a patient’s care and obtain help with
diagnosis, prognosis, or treatment. However, the HIPAA
regulations require clinicians to take reasonable precau-
tions to protect confidentiality. For example, bedside
charts in the emergency department or on the wards must
be covered or situated in such a way that passersby cannot
see the information on the chart. Furthermore, although
HIPAA does not forbid physicians from discussing pa-
tients at nursing stations, in the hallways, or in semipri-
vate hospital rooms, physicians should keep their voices
down to reduce the possibility that conversations will be
overheard. Physicians should continue to discuss their
patient’s care with people who identify themselves as
family members, unless the patient forbids them from
doing so or they judge that such discussions would be
harmful to the patient. Of particular importance, health
care providers must resist the temptation to discuss pa-
tient information in public places such as elevators and
public cafeterias. Breaches of confidentiality erode trust in
physicians and may have adverse economic, social, and
psychological consequences for patients. Although the
presumption should always be that physicians maintain
confidentiality, there are specific circumstances when
physicians are required by law to override confidentiality,
including child or elder abuse, certain infectious diseases
such as tuberculosis and syphilis, and injuries caused by
deadly weapons. In these circumstances when confiden-
tiality must be breached, physicians should disclose the
least amount of information to the fewest people neces-
sary to fulfill reporting requirements.

Role of Ethics Committees

Ethics committees may provide consultation on difficult
cases. The committee typically includes physicians from
several clinical departments, nurses, social workers,
lawyers, a risk manager, and community members. Al-
though the decisions of the ethics committee are meant to
offer guidance and are typically not binding on physicians
or patients, the ethics committee can help resolve disagree-
ments among members of the team, among members of
the patient’s family, or between the health care team and
the patient or surrogates. In institutions that lack an active
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and effective ethics committee, physicians can obtain simi-
lar assistance from colleagues.

Ethics and the Hospitalist Model of Care

The traditional relationship between patient and primary
care physician provides many ethical protections for pa-
tients, including confidentiality, shared decision making,
and respect for patient autonomy. Hospitalist models,
which introduce a purposeful discontinuity of care, threaten
these protections and raise certain ethical concerns (19).

For example, the hospitalist and primary care physician
may disagree on the best course of action for an inpatient.
In such circumstances, both physicians should be given
the opportunity to present the options to the patient
clearly and completely to allow the patient to make the
final decision. If it can be organized, a joint meeting in-
volving patient, family, and both physicians would pro-
vide the patient with the best opportunity to make a truly
informed choice.

Ethical issues may also arise during end-of-life deci-
sions. For example, consider a patient with metastatic can-
cer who prefers to forgo CPR in the event of a cardiac ar-
rest that accompanies a worsening of disease but
nevertheless wants CPR for an acute arrest. Or, consider a
patient who has a DNR order in the chart but now pre-
sents to the emergency department with an anaphylactic
reaction that may be easily reversible. Like emergency
medicine physicians, the hospitalist is disadvantaged by
lacking a prior relationship with a patient who is in ex-
tremis and unable to communicate the applicability of
prior preferences. Hospitalists will need to become expert
in discussing advance directives. They will also need to de-
velop systems to involve primary physicians rapidly in
these difficult decisions.

As hospitalists assume control of inpatient care, they
must also take responsibility for providing ethical protec-
tion currently vested in the relationship between the pa-
tient and the primary care physician. An approach that
keeps the patient’s best interests foremost, defines a clear
role for the primary physician, and takes advantage of the
expertise and availability of hospitalists will best serve both
patients and physicians (20).

CONCLUSIONS

In dealing with difficult ethical challenges, physicians need
to consult with thoughtful colleagues, be able to tolerate
uncertainty, and maintain their own integrity while re-
specting the opinions of others. By applying basic ethical
principles and communicating effectively with patients,
surrogates, and other members of the health care team,
physicians can resolve nearly all ethical dilemmas that arise
in the hospital.

KEY POINTS

■ Care should be guided by the ethical principles of au-
tonomy, beneficence, non-maleficence, justice, and con-
fidentiality.

■ For patients who lack decision-making capacity and have
no advance directive, the physician and surrogate should
work together to make decisions to help guide care.

■ Hospitalization may be a particularly good time to
discuss code status and advance directives.

■ The withdrawal and withholding of interventions are
ethically and morally equivalent.

■ Although physicians need not provide futile interven-
tions, they must be very cautious about using this
rationale to deny care because true futility is rare and
applying the rationale overrides patient autonomy.

■ In emergency situations in which there is an immediate
threat to life or limb, the patient lacks decision-making
capacity, no surrogate decision maker is available, and
there is no indication that the patient would refuse treat-
ment, the presumption is to provide care.

■ Ethics committees may provide consultation on difficult
cases and can help resolve disagreements.
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Pain Management in 

the Hospitalized 

Patient
Robert V. Brody

INTRODUCTION

There are few symptoms that engender so much patient
concern and disability as pain, and few areas in which there
is so great a gap between the capabilities of modern
medicine and the actual effectiveness of our practice. For
more than 25 years, studies have repeatedly documented
our failure to manage pain adequately; the more severe the
pain, the worse we do at management.

After decades of relative neglect by the medical profes-
sion, there is renewed interest in the management of acute
and chronic pain. Some of this energy is fueled by a new
understanding of the pathophysiology of different types of
pain, some by the recent availability of both new medica-
tions and more rational strategies for the use of old ones,
and much by the increasingly vocal demands of patients
and families. Research performed in hospice units has
shown satisfaction with pain control in the range of
80%–90%, which leads other patients, particularly those
with chronic pain, to ask, “Why do I have to be dying to
have my pain controlled?” Increasingly, hospitals, survey-
ors, and even state medical boards are regarding pain man-
agement as a quality-of-care issue (Chapter 12). Neverthe-
less, studies continue to show a high prevalence of pain in
hospitalized patients and significant dissatisfaction with
inpatient pain control (1).

This chapter begins by outlining some basic principles of
pain assessment and management. Commonly used drugs
and other agents are reviewed, and some guiding principles

of pharmacologic therapy are developed. Then, common
challenges in inpatient pain management are considered:
treatment of neuropathic pain, treatment of pain in the
patient with a history of substance abuse or HIV infection,
and treatment of pain in the older hospitalized patient.

GENERAL PRINCIPLES OF PAIN
MANAGEMENT

Nature of Pain

According to the International Association for the Study of
Pain, pain is an unpleasant sensory and emotional experi-
ence, most often associated with actual or potential tissue
damage or described in terms of such damage (2, 3). Pain
is not just the unpleasant sensation, not just the perception
of the sensation, but also the emotional reaction to or ex-
perience of the perceived sensation. As such, pain is always
subjective. The subjectivity creates a dilemma for the clini-
cian. By virtue of the observations and tests available to
clinicians, we know more than a patient does about the
structure and function of his or her liver, blood, kidneys,
heart, bones, nerves, and even brain. However, no test or
observation can accurately tell the clinician whether a pa-
tient is in pain. The only “test” the clinician has available is
to ask the patient and listen to the answer.

Pain has consequences. In addition to enduring unnec-
essary suffering, patients with unrelieved pain become

18
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catabolic, respond less well to curative medical or surgical
treatments, have a greater complication rate from these
therapies, show a higher rate of emotional disturbance, and
in some circumstances die sooner.

Cultural and psychological factors influence the expres-
sion of and tolerance for pain. Other factors that decrease
the pain threshold (i.e., cause the patient to be in more
pain) include insomnia, fatigue, nausea, anxiety, fear,
misunderstanding, anger, shame, sadness, depression,
introversion, any other discomfort, and the memory of past
pain and expectation that pain will recur. Conversely, the
threshold for pain may be increased (i.e., the patient will
be in less pain) with relief of other symptoms, sleep, rest,
sympathy, understanding, and diversion, and with the
use of anticipatory and around-the-clock dosing of pain
medication.

Clinical Assessment and Goals of Pain
Management

The approach to the patient in pain begins with a pain his-
tory (4). Commonly used tools of pain assessment are
shown in Figure 18.1. The patient should be asked to rate
the severity of pain on a scale of 0 to 10, with 0 indicating
no pain and 10 the worst imaginable pain. Some patients
(e.g., children or those with whom it is difficult to com-
municate) may find it easier to rate their pain by using a
picture-based scale (Figure 18.2). After any therapeutic
intervention, the provider needs to learn how much relief

was achieved; one does so by asking the patient to rate the
pain again and recall how long the relief lasted. The dose of
the analgesic is adjusted to give the patient adequate pain
control; the interval between doses is adjusted so that the
analgesic effect is uninterrupted. The goal of pain manage-
ment is not necessarily “zero” pain; rather, it is the maxi-
mally functional patient, with the patient ultimately deciding
whether the goal has been reached.

Additional questions that should be included in the
pain history relate to the following:

■ Significant previous or ongoing instances of pain
■ Previously used pain control methods and their effect,

and the patient’s preferences for pain management
■ Attitudes of the patient and family toward the use of opi-

oid, anxiolytic, and other medications, and any history
of substance abuse

■ Typical coping response of the patient for stress or pain,
the presence of any psychiatric disorders, and ways that
the patient describes or shows pain. A discussion with
current or previous providers of outpatient treatment for
pain is often enlightening

■ The patient’s functional status and the contribution of
pain to any loss of function

■ The meaning the patient ascribes to the pain (e.g., brings
back memories of trauma, makes it impossible to sup-
port a family, or signifies that death is at hand)

The physician’s examination should supplement the history
in making as specific a diagnosis of the causes of the pain as
possible. Such a diagnosis facilitates treatment of the under-
lying pathophysiology and allows the symptomatic treat-
ment to be tailored to the specific type of pain. It is common
for hospitalized patients to have more than one painful
condition. Some patients in significant pain will show evi-
dence of adrenergic stimulation (i.e., sweating, tachycardia),
whereas others may be in severe pain and not demonstrate
such findings. It cannot be presumed that the patient who
dozes off between doses of analgesics is malingering or is be-
ing overtreated; such a patient may be making up for a large
physiologic sleep deficit, be under the influence of sedatives,
or have another cause of altered mental status.

Except when they identify a specific etiology, laboratory
tests are unhelpful in the assessment of pain. For example,
a bone film or scan may demonstrate a metastatic lesion
that would benefit from radiotherapy. An electrocar-
diogram and measurement of the troponin level may
demonstrate that chest or arm pain is caused by myocardial
infarction, for which the optimal approach to pain man-
agement is rapid reperfusion. However, there is no blood test
or imaging study for pain itself. Patients in severe pain may
have normal white blood cell counts, sedimentation rates,
or other markers that have been proposed to help confirm
the “reality” of pain. In the end, pain is subjective, and the
clinician is left with the patient’s assessment as the only test
to assess the presence or severity of pain.

Figure 18.1 Examples of visual pain intensity assessment scales.
(Reprinted from Acute Pain Management Guideline Panel. Acute
pain management: operative or medical procedures and trauma.
Clinical practice guideline. AHCPR Publication No. 92-002.
Rockville, MD: Agency for Health Care Policy and Research, Public
Health Service, U.S. Department of Health and Human Services,
February 1992, with permission.)

0 2 4 6 8 10

Figure 18.2 An example of a picture-based pain intensity as-
sessment scale.
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Initial Management

There is a tendency to move rapidly toward pharmacologic
management of pain, especially in the hospitalized patient,
in whom acute pain (which may be self-limited) is likely. It
is worth remembering that many patients will benefit from
physical measures, such as the application of heat or cold,
and that nonpharmacologic approaches, such as relaxation,
distraction, imagery, transcutaneous electrical nerve stimu-
lation, or physical therapy, may also be useful.

Most hospitalized patients in pain, however, will require
a pharmacologic agent to help control the symptom. The
World Health Organization Committee on Cancer Pain has
popularized the concept of an analgesic ladder, classifying
conventional analgesics into 3 steps: the higher the step, the
stronger the agent and the more likely an adverse reaction.

Step 1 agents include aspirin, acetaminophen, non-
steroidal anti-inflammatory drugs (NSAIDs), and
propoxyphene. For noninflammatory painful conditions,
acetaminophen is usually as effective as an NSAID and
lacks the problematic side effects of gastrointestinal
bleeding, platelet dysfunction, renal failure, and occa-
sional confusion. For inflammatory conditions, it is use-
ful to remember that there are no data showing greater
analgesic or anti-inflammatory efficacy of one NSAID
versus another, including parenterally administered ke-
torolac (5) or COX-2 inhibitors. The latter may cause less
gastrointestinal bleeding but have significant rates of
other adverse reactions, including GI symptoms, and are
expensive. Moreover, the recent findings of increased car-
diovascular risk associated with rofecoxib (Vioxx), which
led to the drug’s withdrawal from the market, have raised
concerns about the entire class of COX-2 inhibitors (6).

Step 2 agents include codeine, hydrocodone, tramadol,
meperidine, and mixed agonist-antagonists, such as penta-
zocine. Dose-response curves for these agents reach a
plateau, in contrast with the curves of step 3 agents, which
have no upper limit in dosing. Because a metabolite of
meperidine accumulates and causes irritability and, occa-
sionally, seizures with repeated dosing, the use of meperi-
dine as an analgesic should be limited. However, it remains
the best agent for prevention or treatment of rigors and post-
anesthesia shivering. Tramadol, a non-opiate with sero-
tonin reuptake inhibiting properties, binds to the �-opiate
receptor; therefore, it has many of the same properties as
opiates and, like opiates, can be abused. In addition, it has
the potential to cause seizures. Mixed agonist-antagonists,
such as pentazocine, cannot be titrated like step 3 agents be-
cause of significant psychotomimetic effects. Because of
their antagonist properties, they must be allowed to wear off
before a stronger, purely agonist opiate can be used.

Step 3 agents that are frequently used include morphine,
hydromorphone, oxycodone, fentanyl, methadone, and
levorphanol. See Table 18.1 for approximate dose conver-
sions to use when switching from one agent or route of
administration to another. Morphine is the standard against

which other analgesics are measured. Most short-acting
preparations give relief for 3–6 hours, whereas the effects of
long-acting preparations last 8–12 hours. In general, it is
easier to titrate analgesia with short-acting preparations.
Once the patient’s pain syndrome is stable, the physician
can calculate the total 24-hour dose, divide by 2, and ad-
minister the equivalent long-acting preparation every 12
hours. Do not allow long-acting tablets to be crushed, be-
cause this converts the drugs to short-acting forms.

The dose-response curve of oxycodone does not plateau, a
similar effect to that of morphine. In the past, oxycodone
was usually prescribed in combination with aspirin or ac-
etaminophen; such formulations cannot be titrated above
a certain threshold because of the potential toxicity of the
second drug. Oxycodone can be prescribed alone in a
short-acting form or sustained-release preparations, allow-
ing the clinician to take advantage of oxycodone’s lack of a
dose-response plateau.

The effects of fentanyl, an opiate with a duration of ac-
tion that is very short when given intravenously, can last
as long as 3 days when it is administered by transdermal
patch. It takes more than 18 hours for fentanyl to produce
a maximum effect when administered in this manner. The
fentanyl patch should be used only to treat stable chronic pain.
Use of the patch is associated with a high incidence of
contact dermatitis, which can be prevented by pretreating
the skin with several puffs from a metered-dose steroid
inhaler.

Although methadone is best known for its ability to
control the opiate abstinence syndrome, it is also an effec-
tive analgesic. Although it is usually given once daily for
opiate abstinence, it must be given every 6–8 hours for
analgesia. Federal law generally prohibits physicians out-
side federally licensed methadone programs from prescrib-
ing methadone once a day for outpatients but does allow
more frequent dosing for pain control. These restrictions
do not apply to hospitalized patients.

The following general points about pharmacologic pain
management can be made:

■ The biologic half-life of the agent must be taken into
account when adjusting dosage and interval. The maxi-
mum effect of a given dose may not be seen until the drug
has been administered for 4–5 half-lives. In addition, the
duration of analgesia may be shorter than the half-life,
and the half-life may be prolonged in cases of renal or
hepatic failure. In the latter situations, one should use
short-acting agents with dosing at longer intervals.

■ Once pain is controlled satisfactorily, the dose of anal-
gesic usually remains stable. An increase in analgesic
requirement most often signals disease progression. Tol-
erance, a poorly understood phenomenon, develops
rapidly to the sedative effects of opiates but is much less
likely to develop to the analgesic or constipating effects.

■ The onset of analgesia depends on the route of adminis-
tration. In general, the onset is in 5–10 minutes with
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132 Section I: General Issues in Hospital MedicineTABLE 18.1
EQUI-ANALGESIC DOSING TABLE FOR OPIOIDSa

Approximate equi- Approximate equi-analgesic How supplied
Drug analgesic oral dose parenteral dose (non-parenteral)

Codeine 130 mg q3–4hb 75 mg q3–4hb 15, 30, 60 mg tablets, as plain
(not recommended) codeine or as Tylenol with

codeine No. 2, 3, 4,
respectivelyc; solution:
5 mL � 12.5 mg codeine � 

120 mg acetaminophen or 
30 mg codeine � 160 mg 
acetaminophen

Hydrocodone 30 mg q3–4h not available 2.5, 5, 7.5, and 10 mg tablets 
in Vicodin, Lortab, other with 500 mg ASA or 

500–750 mg
acetaminophenc

Oxycodone 20 mg IR q3–4h not available in U.S. 5 mg per plain or combination 
Roxicodone, Intensol; tablet;c 1 mg/mL, 20 mg/mL
also in Percocet, solution 10, 20, 40, 80 mg
Percodan, sustained-release tablet
Tylox, Roxicet,
Roxiprin,
Endodan, Endocet SR
(q8–12h)

Meperidine 300 mg q2–3h 100 mg q2–3h 50, 100 mg tablets, 10 mg/mL 
(Pethidine) (not recommended) (not recommended for syrup
Demerol around-the-clock

dosing)
Morphine 30 mg IR q3–4h, 10 mg q3–4h 2 mg/mL, 20 mg/mL, and other

MSIR, OMS, around the clock: oral solutions; 15, 30, 60, 
Roxanol; 60 mg single dose or 100, 200 mg sustained-
MS Contin, intermittent dosing release tabletd

Oramorph SR
(q 8–12 h)

Hydromorphone 7.5 mg q3–4h 1.5 mg q3–4h 1 mg/mL oral solution; 2, 4, 8 
Dilaudid mg tablets; 3 mg rectal 

suppositoriesd; 5 mg rectal
suppositories

Oxymorphone not available 1 mg q3–4h
Numorphone

Methadone 60 mg q8h 10 mg q8h 10 mg tablets; 1, 2, and
Dolophine 10 mg/mL solution

Levorphanol 4 mg q8h 2 mg q8h 2 mg tablet
Levo-Dromoran

Fentanyl not available 2.5 mg/h morphine IV � 25, 50, 75, 100 mcg 
Sublimaze; 30 mg q3h morphine transdermal patch
Duragesic PO � 25 mcg/h fentanyl
transdermal patch IV infusion or patch
(q 72 h)

Use this table for determining approximate dose conversions when changing from one route of administration to
another or from one drug to another. The reference dose is morphine 10 mg IV or IM q3-4h. Doses in each column
should give about the same amount of pain relief. Use a lower than equi-analgesic dose when changing drugs, then
retitrate to the desired clinical response in each patient.
a Recommended dosing schedules do not apply to patients with renal and/or hepatic insufficiency or other
conditions affecting drug metabolism and kinetics. These dosing recommendations should also be
modified for persons weighing less than 50 kg.
b Codeine doses more than 120 mg q4h are not useful because of diminishing incremental analgesia but
continually increasing constipation and other adverse effects.
c Dosing of aspirin or acetaminophen must be considered when combination preparations are titrated.
d Rectal administration of morphine and hydromorphone is possible, with dosing approximately the same as the
oral route.
ASA, acetylsalicylic acid; IR, immediate-release; SR, sustained release.
From American Pain Society. Principles of Analgesic Use in the Treatment of Acute Pain and Chronic Cancer Pain:
A Concise Guide to Medical Practice, 2nd ed. Skokie, IL:, 1989. McCaffery M, Beebe A. Pain: Clinical Manual for
Nursing Practice. St. Louis, MO: Mosby, 1989. World Health Organization. Cancer Pain Relief. Geneva, 1966.
Agency for Health Care Policy and Research. Acute Pain Management: Operative or Medical Procedures and
Trauma. Rockville, MD, 1992.
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intravenous administration, 20–40 minutes with subcu-
taneous or intramuscular administration, and 20–60
minutes for oral administration. With rectal and sublin-
gual administration, the onset may be closer to that with
subcutaneous or intramuscular administration because
these routes avoid first-pass metabolism in the liver.
Intramuscular, intravenous, and subcutaneous doses are
considered equi-analgesic for most agents.

■ When possible, treat pain prophylactically. Give anal-
gesics before procedures (including placement and
removal of chest tubes and bone marrow biopsies) and
dressing changes. Never rely solely on as-needed medications
(PRN) when you know the patient will have significant pain.
In general, for patients with moderate or severe pain, use
a long-acting oral or transdermal preparation or a
constant intravenous or subcutaneous infusion, plus a
shorter-acting agent that may be used as needed for
breakthrough pain.

■ Oral administration is preferred over parenteral admin-
istration, because it facilitates a more even blood level, is
less expensive and less intimidating, does not require
special knowledge such as familiarity with infusion
pumps, and does not transmit infections the way needles
can. Our society needs to relinquish the unscientific
expectation that only a “pain shot” can treat severe pain.
As soon as patients can take oral liquids, consideration
should be given to changing to an oral pain regimen.

■ Patient-controlled analgesia (PCA), with doses adminis-
tered by the patient within professionally established
limits, has been shown to lessen postoperative pain,
decrease complications, lead to earlier hospital dis-
charge, and lessen the total amount of opiate consumed.
Figure 18.3 shows a model PCA order sheet. Although
the concept of patient self-administration and control
has been applied most frequently to parenteral PCA
pumps, it reinforces the desirability of active patient
participation in the selection, assessment, and control of
analgesic regimens.

■ A constant opiate infusion may be indicated for patients
with severe stable pain who use a patient-controlled
pump. On the other hand, a constant basal infusion is
not recommended for patients after simple operative
procedures, patients with undiagnosed or changing
pain, elderly patients, or patients with hepatic or renal
insufficiency.

■ Intraspinal (epidural or intrathecal) regimens can provide
analgesia at lower dosages and may reduce systemic side
effects. This route may be especially useful in acute post-
operative pain, particularly after thoracic, abdominal, or
pelvic surgery. The equi-analgesic epidural dose of mor-
phine is about one-tenth the parenteral dose, and the
intrathecal dose is about one-tenth the epidural dose.
Although the combination of dilute concentrations of
intraspinal anesthetics and opiates provides some
advantages over opiates alone, the use of this strategy is
limited by the invasiveness of the intraspinal route,

expense, requirements for close monitoring, and need to
involve an anesthesiologist or pain specialist. Recently,
many surgeons have been placing local pumps to deliver
infusions of anesthetics directly into the incisional site.
Emerging evidence is that such infusions decrease the
need for systemic opiods (7).

■ Adverse reactions, especially to step 2 and 3 drugs, must
be anticipated. Assume that all patients taking opiates will be
constipated. Stool softeners and propulsant preparations
are useful and should be titrated against the consistency
of stool and intervals between defecations. Despite the
frequency of constipation, prolonged postoperative ileus
almost always has a cause other than opiate analgesia.
Similarly, when an altered mental status develops in a
patient receiving stable opiates, consider other causes
before automatically discontinuing the opiate; these in-
clude concurrent medications (especially psychoactive
medications), sepsis, and stroke. Avoid the use of nalox-
one (Chapter 121) if at all possible (the patient may
wake up screaming) by relying instead on short-term
intense observation. Be prepared to use an ambu bag if
necessary. If naloxone is used, dilute it (0.4 mg naloxone
in 10 mL normal saline solution) and titrate it carefully
until the patient’s mental status clears.

PAIN MANAGEMENT IN SPECIAL
CIRCUMSTANCES

The general principles outlined above are applicable to
most hospitalized patients with pain. The following sec-
tions focus on patients with special needs. In addition, pain
management in the postoperative patient is covered in
Chapter 31 (2), and treatment of the patient with sickle cell
pain crisis is discussed in Chapter 97 (8).

Patients with Neuropathic Pain

Neuropathic pain (9) is characterized by burning, tingling,
numbness, and electrical or pins-and-needles qualities. It
accompanies many medical and surgical conditions (HIV
disease, diabetes, alcoholism, shingles, amputations and
other trauma, and cerebrovascular events) and often goes
undiagnosed. Conventional analgesics are most useful for
somatic and visceral pain; neuropathic pain, resulting from
pathology directly affecting nerves, may respond better to
other agents. As hospitalized patients may have multiple
pains, each must be individually assessed, and the follow-
ing algorithm should be considered even if only one pain
has neuropathic qualities.

Tricyclic agents have specific analgesic effects in neuro-
pathic pain separate from their antidepressant effect. Anal-
gesia is achieved at lower doses than is relief of depression
(e.g., 10–25 mg of desipramine may relieve pain versus
150–300 mg for relief of depression); it also is achieved in
less time (e.g., 1–3 days for analgesia versus 3–6 weeks for
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Name: _________________________________    DOB: _______________________   MRN: __________________________

Diagnosis/Indications: _________________________________________  Allergies: _________________________________

Route of administration:_______ IV_______SQ

Morphine
Concentration: ■■    5.0 mg/mL, or per pharmacy _______ mg/mL.
Patient-controlled dose: _______ mg. Usual range 0.5–2 mg.
Lock out interval: delay _______ minutes between patient-controlled doses. Usual range 5–15 min.
Nurse may bolus with _______ mg q _______ via pump as needed. Usual range 2–5 mg q 15–30 min.
Basal rate: continuous infusion of _______ mg/hr. Usual range 0–2.0 mg/hr.
Naloxone 0.4 mg ampule in medication drawer.

Hydromorphone (1 mg = 5 mg morphine)
Concentration: ■■    1.0 mg/mL, or per pharmacy _______ mg/mL.
Patient-controlled dose:_______ mg. Usual range 0.1–0.4 mg.
Lock out interval: delay _______ minutes between patient-controlled doses. Usual range 5–15 min.
Nurse may bolus with _______ mg q_______  via pump as needed. Usual range 0.2–1.0 mg q 15–30 min.
Basal rate: continuous infusion of _______ mg/hr. Usual range 0–0.4 mg/hr.
Naloxone 0.4 mg ampule in medication drawer.

Fentanyl (50 mcg = 5 mg morphine)
Concentration: ■■    50 mcg/mL, or per pharmacy _______ mcg/mL.
Patient-controlled dose: _______ mcg. Usual range 5–20 mcg.
Lock out interval: delay _______ minutes between patient-controlled doses. Usual range 5–15 min.
Nurse may bolus with _______ mcg q _______ via pump as needed. Usual range 5–20 mcg q 15–30 min.
Basal rate: continuous infusion of _______ mcg/hr. Usual range 0–20 mcg/hr.
Naloxone 0.4 mg ampule in medication drawer.

Monitor and record respiratory rate, sedation score, pain score, and total patient-controlled analgesia 
delivered q 2 hrs for the first 8 hrs, then q 4 hrs.
Call M.D. for: _______________________________________________________________________________

Changes in titration parameters for patient-controlled analgesia may be written on the routine order sheet; however, a change in
opiate or concentration of opiate requires a new patient-controlled analgesia physician order form.

Physician

_________________  am/pm   ____________________________________________________________________________
Date Time Print Name Signature

Signature

RN

_________________  am/pm   ____________________________________________________________________________
Date Time Print Name 

~

~

Figure 18.3 A sample patient-controlled analgesia order sheet. In December 2004, JCAHO issued a Sentinel Event Alert regarding “PCA
by Proxy”: fatalities have resulted when family, friends, or caregivers have given patients extra PCA boluses (10).

depression). Many clinicians avoid amitriptyline because
of excessive sedation and anticholinergic adverse effects, in-
stead relying on desipramine, imipramine, or nortriptyline.
Note that antidepressants without the tricyclic structure
(e.g., selective serotonin reuptake inhibitors; see Chapter
119) lack an analgesic effect, and that tricyclics are useful

for neuropathic pain, not somatic or visceral pain. The dose
of the tricyclic may be increased as often as every 3 days
and titrated to the relief of neuropathic pain or the
development of adverse events. The effective analgesic dose
may be equal to or even higher than the usual antidepres-
sant dose. If the patient partially responds to a tricyclic
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agent, it is best to maintain the highest tolerated dose and
add an anticonvulsant.

Antiseizure medications (carbamazepine, gabapentin,
phenytoin, valproic acid, clonazepam) have been used
successfully to treat neuropathic pain. Carbamazepine is
generally used at anti-seizure doses. The upper dose limit
for gabapentin in the treatment of neuropathic pain has
not yet been defined; doses as high as 6 g daily are being
used commonly.

Mexiletine, an oral form of lidocaine, has been used to
relieve painful diabetic peripheral neuropathy and is effec-
tive in other types of neuropathic pain. The usual dose is
150–200 mg 3 times daily, up to a maximum of 1,200 mg
daily. All anti-arrhythmics are potentially pro-arrhythmic,
so this agent should not be used in patients with known
ventricular dysrhythmias or those with a predisposition to
dysrhythmias (e.g., severe dilated cardiomyopathy). Up to
20 mg of baclofen 4 times daily may be useful for neuro-
pathic pain as well as for painful muscle spasm. Capsaicin,
a topical agent derived from chili peppers, must be applied
to painful areas several times per day and may cause burn-
ing. Some patients have even responded to analgesic balm.
If these modalities, most often used in combination, do not
adequately control neuropathic pain, it is reasonable to
add opiates to the regimen.

Patients with a History of Substance Abuse

Physical dependence is defined as a condition in which
abrupt discontinuation of an agent, after a period of con-
tinuous use, causes physical symptoms (withdrawal or
abstinence syndrome). It is a common feature of opioid
use, as it is also with antihypertensives, benzodiazepines,
barbiturates, corticosteroids, and other classes of drugs.
It can be easily managed by gradually tapering the medica-
tion if it is no longer indicated. Drug abuse is the
inappropriate use of a medication for a nonmedical prob-
lem (e.g., to escape family, work, and social or financial
problems). Taken to extreme, drug abuse becomes drug ad-
diction, a compulsive pattern of drug abuse and socially
inappropriate or dangerous behaviors. The medical use of
opioids is not associated with the development of addiction, with
the exception of the patient recovering from opiate addic-
tion, who may be at substantial risk for relapse. Such pa-
tients require an open discussion regarding analgesic
choices and positive and negative consequences, including
the potential relapse of addiction. When opiates are used in
these patients, long-acting preparations should be given at
scheduled times; needles, an environmental cue for craving,
should be avoided (11). Because of physiologic tolerance,
regular users of opiates require stronger analgesics and
larger doses to achieve the same analgesic effect than do
those who are opiate-naïve. It is useful to separate the treat-
ment of addiction from the treatment for pain and estab-
lish a dose of methadone sufficient to keep the patient out
of withdrawal while using other agents for pain. Buprenor-

phine, a mild opiate agonist that adheres tightly to opiate
receptors, is increasingly being used for treatment of addic-
tion; it may have to be discontinued in the hospitalized
patient with new significant pain. Consultation with sub-
stance abuse experts is often helpful (Chapter 121).

Patients with HIV Disease

Although there are few studies addressing the management
of common HIV-related pain syndromes, the approach
outlined in this chapter is generally useful in these patients,
with several caveats. Neuropathy is very common and
causes significant morbidity. It may be caused by antiretro-
viral therapies, which should be discontinued as soon as
this adverse effect is recognized. The algorithm given above
for neuropathic pain often must be modified in AIDS
patients because of drug interactions; carbamazepine, for
example, interacts with many antiretroviral agents;
gabapentin appears to be better tolerated. Management of
pain in AIDS patients frequently must take into account is-
sues of dementia and substance abuse.

Older Hospitalized Patients

Assessment of pain in the elderly (12) may be complicated
by sensory, cognitive, or communication deficits in addition
to an attitude among many elders of resignation to pain.
Pharmacologic therapy for pain must be administered cau-
tiously in older patients because of several factors. Renal
and hepatic function may be compromised, resulting in
prolonged effects of usual doses of agents. Marginal brain,
bladder, renal, or other organ function may be further com-
promised by analgesics, including NSAIDs, antineuropathic
agents, and opiates; elderly patients are particularly suscep-
tible to medication-induced falls (Chapter 16).

ASSESSING THE RESPONSE
TO THERAPY

Successful management of pain in the hospitalized patient
requires the active participation of educated nursing and
pharmacy staff. Continuous assessment of pain and appro-
priate titration of pain medication can best be carried out
by nurses acting under physician orders that give them a
range of options. Nurses can also identify and address
common adverse effects of the chosen regimen. Some
institutions have advance practice nurses and clinical phar-
macists to further the goal of effective pain management.
Many have added a pain assessment (0–10) instrument
to the vital sign sheet. Pain management is certainly
an area in which patients’ best interests are served when
physicians work closely with nurses and pharmacists, as
well as rehabilitation therapists and mental health workers
(Chapter 4).
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If the patient’s pain has not responded to treatment as
predicted, several questions should be asked:

■ Did the patient in fact receive the ordered medication?
“Opiophobia” is so common among patients, family
members, and hospital staff that the medication may
never have reached the patient.

■ Was the patient prescribed PRN dosing when around-
the-clock dosing would have been more effective?

■ Does the patient have pain that may be relatively resis-
tant to conventional analgesics (e.g., neuropathic pain)?

■ Are there additional pathology or complications that
have not been diagnosed or fully appreciated? Repeating
the history and physical examination along with indi-
cated studies may be revealing. Hospitalized patients
often have more than one pain; muscle spasm is com-
mon, as is neuropathic pain and flares of gout (the latter
often precipitated by surgery, hemorrhage, starvation, or
re-feeding). All these entities may respond to specific
therapy once diagnosed.

If the patient still has unrelieved pain, consultation with a
pain specialty team is indicated. Given the high success
rates reported in the literature in managing the pain of ter-
minal disease (Chapter 19), and the increasing use of
these same techniques in managing nonmalignant, non-
terminal pain, patients and providers should expect that
pain will be managed. The old notion that the patient
“will just have to learn to live with pain” is increasingly
unacceptable.

DISCHARGE ISSUES

As the patient progresses toward discharge, the analgesic
regimen should be steadily changed toward the least
invasive route that still provides adequate control of pain.
The analgesics should be switched to the oral route as soon
as liquids are tolerated. Ideally, the medication regimen
can be stabilized while the patient is in the hospital; this is
preferable to discontinuing a parenteral regimen just as the
patient is leaving the ward. Careful thought must be given
to the patient’s need for analgesics at home (including tim-
ing of the follow-up visit) so that the patient leaves with
enough of the correct medication. Physicians should have
no fear of prescribing opiates at discharge if these are indi-
cated by the clinical situation. They should not allow regu-
latory barriers (e.g., the preprinted prescription forms
required for controlled substances in a few states) to distort
clinical practice. Regimens should be as simple as possible
to promote adherence. Patients who are likely to remain
in significant pain after discharge often do best with one
long-acting opiate for around-the-clock pain relief plus a
short-acting agent for breakthrough pain. Patients with
conditions such as sickle cell disease or migraine, which are
likely to cause painful flares, should be given the analgesic
tools to use at home rather than be required to depend on

drop-in visits for relief. The primary physician can manage
most pain satisfactorily if the principles described above
are followed. For those with more complicated pain prob-
lems, consider referral to a specialty pain clinic.

CONCLUSIONS

The pain of most hospitalized patients can be controlled
promptly and safely by taking a careful history, employing
rational pharmacologic and nonpharmacologic modali-
ties, and continuously assessing response to initial man-
agement and adjusting the approach as needed. The
fact that this vision is often unrealized stands as a major
flaw in our current practice. It clearly can be improved
through clinician education and the use of a multidisci-
plinary team.

KEY POINTS

■ Clinicians cannot determine whether and how much
pain is present without asking the patient and listening
to the answer.

■ Effective pain management depends on initial and on-
going assessment of the type of pain, its severity, and its
response to therapy.

■ Hospitalized patients often have more than one kind
of pain (e.g., both somatic and neuropathic),
requiring more than one kind of approach for effective
control.

■ Anything that influences the patient’s emotional state
will influence how much pain is experienced, both posi-
tively and negatively.

■ The goal of pain management is not necessarily the
complete absence of pain; rather, it is the maximally
functional patient.

■ Oral administration is the preferred route for analgesics.
■ Knowledge of and comfort with the appropriate use of

opiates can overcome our society’s “opiophobia.”
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End-of-Life Care in 

the Hospital
Daniel Fischberg Paolo Manfredi Diane E. Meier

INTRODUCTION

Palliative care is interdisciplinary care aimed at relieving
suffering and improving quality of life for patients with ad-
vanced illness and their families. Palliative care may be of-
fered simultaneously with appropriate disease-modifying
treatments during a chronic illness, or it may become the
focus of care near the end of life. Hospitals traditionally
have been structured to efficiently treat acute illnesses
and exacerbations of chronic illnesses. When prolonging
life is no longer the primary goal, hospitals typically fail to
provide alternatives, continuing treatment focused on
longevity up to the very moment of death (and often be-
yond that in the form of cardiopulmonary resuscitation).
Although the acute-care hospital is usually not the ideal site
of death, currently most Americans die in hospitals (1).

Throughout the course of a patient’s illness, alleviation
of physical and emotional suffering should be the objective
of every health care professional. There comes a point in
the evolution of many diseases at which the benefits of
some or all of the efforts devoted to prolonging life no
longer exceed the burden they pose to the patient’s quality
of life. The timing of this transition varies with the patient’s
preferences, and it is better thought of as a gradual, iterative
process rather than an epiphany. The prompt recognition
of the point at which the burden of life-prolonging efforts
exceeds their benefit is essential to avoid unnecessary suf-
fering and inappropriate allocation of resources. In this re-
gard, it is important to note that there is never a time at
which “there is nothing more that can be done”; every
dying patient can benefit from and deserves skilled atten-
tion to palliative care issues.

Effective end-of-life care requires consideration of indi-
vidual preferences (often inferred from the surrogate’s per-
ception of the patient’s beliefs), integrated with the ability

to prognosticate disease courses and to treat symptoms
such as pain (see Chapter 18), dyspnea, nausea, delirium,
and depression (see Chapter 119). Finally, knowledge of
the available support systems inside and outside of the hos-
pital is essential for developing an optimal plan of care for
seriously ill and dying patients.

ADVANCE DIRECTIVES AND HEALTH
CARE AGENTS

With the introduction of the Patient Self-Determination
Act of 1990 (2), the importance of individual preferences
has become more prominent in medical decision making.
Advance directives are crucial for delivery of health care tai-
lored to an individual’s needs and preferences (see also
Chapter 17). They provide a means by which capable
patients can make known their preferences in the event
they become unable to speak for themselves. Advance
directives may contain specific examples addressing car-
diopulmonary resuscitation, artificial nutrition, and hydra-
tion. More important in an advance directive, however, is a
statement about what quality of life is unacceptable for the
paient. For example, many patients say that they would not
want continued life-prolonging measures if they were per-
manently incapable of recognizing and interacting with
their loved ones. All patients should be strongly encour-
aged to designate a health care decision-making agent. Be-
cause of the variety and complexity of clinical scenarios, an
individual designated by the patient to serve as his or her
health care representative in case of lost capacity is critical
for real-time decision making. The practical impact of ad-
vance directives on the delivery of care in the hospital is still
controversial but is likely to increase as their use becomes
more prevalent (3).

19

26410 ch 019  3/11/05  3:21 PM  Page 139



PROGNOSTICATION

Prognostication for decision-making purposes is the com-
plex task of guessing the duration of life of an individual
patient with one disease or, as is more often the case, mul-
tiple diseases. The prognosis then is integrated with an un-
derstanding of the functional status (quality-adjusted life
span) that the patient is likely to achieve and finally with
the patient’s overall view of his or her own quality of life.
The patient’s wishes should guide the physician in deter-
mining, at any particular moment, the ratio of risk and bur-
den to benefit for each test or treatment (ranging from a
finger stick for blood-sugar testing to open-heart surgery).
If the patient is unable to express himself, individuals who
can speak on behalf of the patient (known as surrogates or
proxies) should be consulted.

Among conditions that cause death in the hospital, the
presence of multiorgan failure in patients with metastatic
cancer or coma allows for a more accurate prediction of the
clinical course than organ-specific processes such as ad-
vanced heart or lung disease. According to one study, the

median prognoses generated by a statistical model varied
substantially among diseases: patients with congestive
heart failure were estimated to have about a 40% chance of
living 6 months on the day before their actual death; pa-
tients with lung cancer were estimated to have about a 5%
chance (Figure 19.1). The median prognoses, by physician
estimation, were equally inaccurate (4). Another study
found that physicians overestimate survival by more than a
factor of 5 (5). This lack of precision is inherent to prog-
nostication and highlights the need to begin deliberating
about benefits, burdens, and goals of care as soon as a po-
tentially fatal condition is diagnosed.

When trying to prognosticate, it is important to remain
mindful of the performance status of the patient, not only
at the time of the evaluation but also before the event that
prompted hospitalization. For example, consider the case
of a 90-year-old patient with a history of dementia who is
now in the ICU with respiratory failure after developing as-
piration pneumonia while recovering from a fractured hip.
In evaluating this patient, the information from the nursing
home—that the patient had recently begun to require a
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Figure 19.1 Estimates of prognosis in patients near death. Estimates for 6-month survival gen-
erated from the model of the Study to Understand Prognoses and Preferences for Outcomes and
Risks of Treatment (y axis) by days before actual patient death (x axis) for patients with various dis-
eases. Top left. Multiple organ system failure with sepsis (solid line) and with malignancy (dashed
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and cirrhosis (heavy line). Bottom left. Coma. Bottom right. Colon cancer (solid line) and lung can-
cer (dashed line).
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walker, had frequent falling episodes, and had been losing
weight because of refusal to eat—helps the physician deter-
mine that, even if weaning from the respirator is possible,
at best the patient will be bedridden or chairbound and re-
quire a permanent feeding tube.

Another important point, especially for the patient be-
ing cared for by an army of specialists, is that there is a
general tendency to prognosticate in an organ-specific
manner. To continue with the prior example, the surgical
wound from the open reduction and internal fixation of
the femur appears to be healing, the pneumonia is being
treated, the congestive heart failure is mild, the renal func-
tion is only moderately compromised, and the nutritional
status is fair. Why, then, is the patient still unresponsive
and unable to breathe after 10 days of intensive care and
ventilatory support? The answer is that the combined im-
pact of multiple insults is more important than the status
of single organs and systems.

As often occurs in tertiary-care teaching hospitals, the
presence of multiple specialists can be responsible for a
fragmentation of care that confuses the clinical picture, es-
pecially as the clinical course progressively worsens. This
can lead to contradictory and confusing messages about
prognosis and goals of care delivered to the patient or the
family by different specialists. Regular communication
(e.g., through interdisciplinary meetings) with all consul-
tants and family is therefore vital for effective care planning.

INTEGRATION OF PROGNOSIS AND
PATIENT’S WISHES

Prognostication is the foundation on which goals of care
are established and the plan of care is built. Once it is
determined that the elderly woman in our example will
not be able to walk or eat even if liberated from the ventila-
tor, the surrogate’s knowledge of the patient’s wishes under
that best-case clinical scenario guides further care. Options
at this point include ventilator withdrawal versus continua-
tion of medical care focused on life prolongation, including
tracheostomy and gastrostomy for feeding tube placement.
From the standpoints of humanitarianism (considering the
apparent burden of suffering associated with ongoing
aggressive medical care) and economics (in terms of the cost
of care and the potential to deploy resources elsewhere)
ventilator withdrawal may seem preferable. However, indi-
vidual (patient or surrogate) preferences continue to
strongly influence the goals of care in the United States and
often result in the continuation of intensive medical care
focused on prolongation of life, regardless of the ultimate
quality of the life resulting.

A generation ago, many people separated potentially
life-prolonging care into two categories: “heroic” or not.
Our more modern understanding has eliminated this false
dichotomy, weighing every potential intervention in terms
of its benefits and burdens. As such, artificial nutrition

and hydration, antibiotics for infection, diagnostic tests,
and rehospitalizations after discharge are all points open
for discussion. If the patient is discharged back to the
nursing home, it is necessary to clearly communicate the
comprehensive plan of care to the receiving institution
and medical staff. In discussing goals and options of care
with patients and families it is important to emphasize
that distressing symptoms (e.g., shortness of breath, pain,
fever) can be treated effectively without attempting to
reverse or cure the underlying illness, and that withdrawal
of artificial nutrition and hydration will not cause suffer-
ing (6).

ARTIFICIAL VENTILATION

Artificial ventilation is initiated with the intent to help pa-
tients recover from an acute event. Often patients with ter-
minal illnesses or multiorgan failure remain dependent on
the ventilator and cannot be weaned. The patient or, if
the patient is unable to make his wishes known, the surro-
gate should be informed about the option of disconnecting
the ventilator and the availability of appropriate treatment
to prevent and treat dyspnea (see Chapter 23). If, after dis-
connecting the ventilator, the patient continues to breathe
(as may sometimes happen), the most urgent matter is to
treat dyspnea (evidenced by tachypnea and use of accessory
respiratory muscles) by titrating opioids with or without
benzodiazepines or barbiturates until the patient passes
away peacefully.

ARTIFICIAL NUTRITION AND
HYDRATION

Artificial nutrition and hydration are beneficial for time-
limited use while the patient is recovering from an acute
event. Their value in treating patients nearing the end of life
is controversial (6). Total parenteral nutrition in patients
with advanced cancer has not been shown to prolong life.

The provision of nutrients by means of a tube inserted in
the gastrointestinal tract or a vein, although clearly a form
of medical treatment, carries more emotional weight than
other treatments, including artificial ventilation. Even those
who wish only comfort measures for their dying relatives
often hesitate when asked about withdrawal of artificial
nutrition and hydration. It is important to reiterate that
artificial feeding is a medical treatment that carries its own
burdens, and that dying patients do not suffer if artificial
nutrition and hydration are not provided or are discon-
tinued (6). Knowledge of state laws is also important if
withdrawal of artificial nutrition and hydration is being
considered, especially if the predicted life expectancy of the
patient is more than several weeks but the prognosis for any
form of functional recovery is dismal (e.g., the patient with
advanced dementia).
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COMMUNICATING BAD NEWS

Physicians should gather necessary information (e.g.,
usual prognosis and the pros and cons of treatment alter-
natives), before meeting with the patient. This may in-
volve team discusions, literature searches, or meetings
with consultants. In addition, patients should be asked
who they would like to be present during the discussion.
Key points are to sit down in a private area, make eye con-
tact, and then start by finding out how much the patient
knows—”What is your understanding of the situation at
this point?”—and how much he actually wants to know—
”Would you like to know all the details of the situation or
do you prefer a more general outline? Is there someone
else you would like me to speak with?” A substantial mi-
nority of patients do not want to be told their diagnoses
or prognoses. In this case, the dialogue should continue
on more general terms with the patient and on more de-
tailed grounds with a designated health care agent or sur-
rogate. With the majority of patients who do want to make
informed decisions themselves, the communication of the
diagnosis should be followed by a period of silence to al-
low the patient to register and absorb the information.
Subsequently, discuss the treatment alternatives, including
palliative care options. It is important to frequently check
that the patient is following what the physician is saying,
allowing a period of quiet after each question—”Am I
making sense? Am I being clear enough?”—and to ask
open-ended questions—”How are you doing? Is there
anything else that you would like to ask?”

The dialogue then should focus on the available op-
tions, including their potential burdens and benefits. Based
on the patient’s preferences, the goals of care are estab-
lished and a specific plan of care is outlined. The meeting
should end with a clear statement of the plan for the im-
mediate future and reassurance that the physician will
stand by the patient throughout the course of the illness
(Table 19.1) (7, 8).

EMOTIONAL AND SPIRITUAL CARE

Supportive counseling should be provided by the treating
physicians, nurses, and social workers. Patients and fami-
lies should be given the time and an appropriate place to
voice their concerns and have questions answered. Consis-
tency of recommendations and prognostic information is
critical. Such consistency requires frequent and regular
communication among providers before discussion with
patients and their families.

More than 80% of Americans claim to be religious, un-
derlining the importance of spirituality, especially nearing
the end of life. Facilitating access to religious support for
hospitalized patients and families, therefore, should be a
priority (Chapter 4). Access to bereavement support groups
also should be made available.

PLAN OF CARE

When the goals of care gradually shift from medical treat-
ment focused on prolongation of life to comfort care, ef-
forts should be made to move patients out of the hospital,
unless death is imminent. Although some patients die in
the hospital while receiving treatments that could have
been successful, a more appropriate site of death probably
could have been devised for many of the more than 50% of
patients who die in hospitals. The odds of dying in an
acute-care hospital are directly related to the number of
hospital beds per capita in a given area rather than to per-
sonal preferences of patients or family members (3). Im-
proving advance-care planning and the support systems for
dying patients available outside of the hospital will allow
better compliance with the wishes of patients and families.
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TABLE 19.1
COMMUNICATING BAD NEWS: THE SIX-STEP
APPROACH

Step 1. Start off well.
Get the physical context right.
Silence the pager. Sit down. Arrange at least a 30-minute 

commitment.
Decide on the best setting.
Decide who should be there.

Step 2. Find out how much the patient knows.
“What have the doctors told you so far?”

Step 3. Find out how much the patient wants to know.
“Some of my patients want to know all the details and 

some prefer a more general outline—which kind of 
person are you?”

Step 4. Share the information (aligning and educating).
“I’m afraid I have some bad news. The biopsy showed that 

you have lung cancer.” Stop talking and allow some 
time for silence.

Proceed with: “We have some decisions to make about 
what to do next. Would you like to hear about the 
alternatives?”

Decide on your agenda (diagnosis, treatment plan, prog- 
nosis, support).

Start from the patient’s starting point (aligning).
Educate: Give information in small chunks.
Use English, not “medspeak.”
Check reception frequently.
Reinforce and clarify the information frequently.
Check your communication level (for example, adult-adult).
Listen for the patient’s agenda.
Try to blend your agenda with the patient’s.

Step 5. Respond to the patient’s feelings.
Identify and acknowledge the patient’s reaction.

Step 6. Plan and follow through.
Organize and plan.
Make a contract and follow through.
Give the patient a specific day and time to return to see 

you. Call to check in on them later that evening.

Adapted from Buckman R. How to Break the Bad News. Baltimore: The
Johns Hopkins University Press, © 1992, with permission.
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Hospice refers to both a philosophy of care and an orga-
nization that provides care for patients at the end of their
life. Although some hospitals and nursing homes have
wings devoted to hospice care, most patients receive hospice
care at home. Referral to hospice usually involves leaving fa-
miliar systems and providers of care to enter a new system.
The patient’s physician must certify that the patient’s life ex-
pectancy is less than 6 months, and in most cases there must
be a caregiver in the home; the latter requirement is impor-
tant because a limited number of hours of custodial home-
aid services are provided by most hospices (although this
varies by hospice and additional short-term help sometimes
is added, as the patient’s condition progresses).

Through hospice, a team of experts is available to pro-
vide nursing, spiritual, and medical care during the dying
process. The Medicare program covers both hospice care
and the medications used for the treatment of symptoms
related to the primary disease. Counseling, support groups,
and religious and bereavement services also are provided
by hospice.

Although hospice allows the primary care physician to
continue in that role, in most cases responsibility for med-
ical care routinely is relinquished to the hospice physician,
often leaving the dying patient with a compounded sense
of loss and abandonment just as many other serious losses
are occurring. This requirement to refer to a separate system
of care and caregivers probably explains why only 20% of
adult deaths occur in hospice in the United States (9).

If a patient is expected to die within 24–72 hours, it
is probably best to continue care in the hospital, unless he
or she has expressed clear wishes to die at home. Many
hospitals (more than 800 in 2002) have developed pallia-
tive-care teams or units to help provide compassionate
end-of-life care to inpatients. In addition to home hospices,
discharge options for patients receiving terminal care in-
clude a nursing home with hospice care and an inpatient
hospice. Home health care also can provide medical assis-
tance at home, although, unlike hospice, certified home
health agencies are not typically prepared to focus on the
care of dying patients. If home care is directed by a team
experienced in end-of-life care, it can provide a useful al-
ternative to home hospice, especially because it provides
care that remains linked to the hospital setting and does
not require separation from familiar professional caregivers
and health systems. Increasingly, hospital-hospice partner-
ships are forming to better reconcile the goals of expertise,
availability, and continuity.

SYMPTOM MANAGEMENT AND THE
RULE OF DOUBLE EFFECT

The treatment of symptoms at the end of life is characterized
by the appropriate use of medications without inappropri-
ate worries about addiction and with reasonable concerns
about respiratory depression. According to the “rule of dou-

ble effect,” if a desirable effect (symptom relief) is intended,
the risk of a foreseen, but not intended, bad effect (hasten-
ing death) is acceptable. If the intended good effect is relief
of pain or dyspnea and opioids are titrated carefully, the risk
of hastening death is very small; therefore, the rule of dou-
ble effect only rarely applies. While it is widely believed that
the use of sedatives to relieve refractory symptoms leads to
hastened death, the best evidence suggests that the opposite
is true. In a recent study, patients receiving sedation for re-
fractory symptoms actually lived longer than those who did
not require sedation (10). Nonetheless, even if hastened
death were a risk, as long as the intended effect is relief of
suffering, such use of medications is not only acceptable (by
the rule of double effect) but mandatory to prevent unneces-
sary distress and suffering.

Neuroleptics, such as haloperidol, chlorpromazine,
risperidone, and olanzapine, are very useful in the treat-
ment of preterminal agitation and delirium. All are also
very potent antiemetics.

ORCHESTRATING THE “GOOD DEATH”

When patients are moribund, comfort care is the goal and
life-prolonging efforts are no longer appropriate or effec-
tive. At that point, key steps include:

■ Prompt attention to symptoms
■ Effective and compassionate communication with and

support of family and involved health care staff
■ Removal of unnecessary indwelling tubes, catheters, and

drains
■ Discontinuation of all procedures and medications that

are not providing comfort directly

Religious support should be offered to families. Depending
on the availability of inpatient and outpatient support, the
site of death should be chosen by the family. If death is im-
minent, it is best to continue care in the hospital. If death is
likely in a matter of days, home, nursing home, or inpatient
hospice are all reasonable options. If support is available
(e.g., through family or home health aides and specialized
nurses), home is often the preferred site of death. Family
caregivers should be instructed in advance on how to react
to common end-of-life symptoms such as pain, shortness of
breath, and agitation with as-needed medications and other
measures (e.g., upright positioning and a fan can be very
helpful for the relief of dyspnea; reassurance from a famil-
iar voice can improve agitation). Medications that should
be readily available to a dying patient include morphine sul-
fate immediate release liquid (20 mg/cc); lorazepam liquid
(2 mg/cc); and chlorpromazine liquid concentrate (100
mg/cc). These medications have rapid onset, can be given
sublingually or via the buccal mucosa in case of inability to
swallow, and will address a wide range of sources of distress
including pain, dyspnea, anxiety, agitation, and nausea. A
contact nurse or physician should be available at all times
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and should respond promptly to unforeseen crises (e.g.,
agitation, a pain crisis, or a seizure). Most crises can be dealt
with in the patient’s home, and resorting to an ambulance
is rarely necessary. A do-not-resuscitate form should be kept
in the home to avoid the risk of pointless and burdensome
efforts. Arrangements with a funeral home should be made
in advance, and, when the patient dies, the funeral director
should be called first. He will guide the family through the
necessary paperwork and logistical steps.

IMPROVING PALLIATIVE CARE

Widespread access to state-of-the-art palliative care requires
a collegial effort to overcome attitudinal, educational, eco-
nomical, and legal barriers (Table 19.2) (11). The prevalent
attitude of health professionals, which stems in part from
both fear and denial of death as a natural inevitable pro-
cess, is that prolongation of life, at all costs, is the primary
goal of medicine.

Even among physicians there is considerable confusion
about the difference between forgoing medical treatments
when they are not benefitting the patient and euthanasia.
Until very recently, training in palliative care for physicians
and nurses was very limited or nonexistent. Educational
and clinical programs to improve the care of dying patients
are needed urgently, especially at teaching hospitals. The
accrediting authorities for U.S. undergraduate and graduate
medical education have recognized this need and have
mandated training in palliative and end-of-life care. Data
consistently show that well delivered palliative care leads to
better clinical outcomes, higher patient and family satisfac-
tion, and more appropriate allocation of resources (12).
Modification of state regulations that control and limit the
prescription of opioids and other controlled substances
also is needed to reduce the worries of prescribing physi-
cians who care for patients at the end of life.

KEY POINTS

■ Palliative care, designed to relieve suffering and im-
prove quality of life, should be delivered at the same
time as all beneficial and effecive life-prolonging or
curative treatments.

■ Prognostication—in terms of both expected longevity
and function—is a difficult but important task for the
physician. A poor prognosis is not a prerequisite for ap-
plicability of palliative care.

■ The benefits versus burdens of elements of care, includ-
ing ventilation, nutrition, antibiotics, venipuncture, and
diagnostic testing, are worth discussing with terminally
ill patients or their surrogates.

■ In communicating bad news, provide sufficient time and
silence for the information to sink in, a conducive envi-
ronment, and offers of regular follow-up as well as phys-
ical, practical, emotional, and religious support.

■ Hospice care, whether in a hospital, nursing home, or
home, can help the patient and family achieve a “good
death.”
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TABLE 19.2
APPROACHES TO IMPROVING 
PALLIATIVE CARE

Improve professional knowledge and skills

Continue faculty development in palliative care
Include palliative care in medical curricula
Include palliative-care topics on board certification

examinations
Include palliative-care training in residency review requirements
Include practice guidelines and quality improvement programs 

in palliative care

Change professional attitudes about care at the end 
of life

Make a distinction between decisions to discontinue treatment 
and active euthanasia

Make use of terminal sedation as distinct from euthanasia
Establish standards of futility through consensus by professional

organizations
Educate on the limitations of technology and the desirability of 

a peaceful death
Use advance directives as tools to improve physician-patient 

communication

Reorganize the health care system
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Patient Safety in the

Hospital Setting
Kaveh G. Shojania

INTRODUCTION

Long before “medical error” and “patient safety” were
commonly used phrases, the medical profession recog-
nized the concept of illness or injury induced by medical
care. The term “iatrogenesis” is an ancient word that com-
bines the Greek words iatros (healer) and genesis (to bring
forth) to mean “coming from the healer.” Iatrogenesis is
particularly common in the hospital. In fact, Florence
Nightingale wrote in 1859: “It may seem a strange princi-
ple to enunciate as the very first requirement in a hospital
that it should do the sick no harm.”

In 1999, the Institute of Medicine (IOM) published its
now widely known report, To Err Is Human, (1) and brought
these problems, including the rate at which medical care it-
self contributes to morbidity and mortality among hospi-
talized patients, to the attention of the medical community,
the media, and the public. The often-quoted estimate pro-
duced by the IOM—that medical errors result in 44,000 to
98,000 hospital deaths per year—shocked many Americans.
While these figures have been debated, (2,3) the widespread
public attention given to them has compelled the health
care community to seriously attack a problem that has be-
deviled medical care since the time of Hippocrates: how to
avoid doing harm to patients.

For physicians practicing in the hospital setting, the cur-
rent interest in patient safety represents an important op-
portunity to improve both the care of individual patients
and the systems in which they work. This chapter reviews
the epidemiology of iatrogenic injury in the hospital set-
ting, the psychological principles that have emerged from
the study of human error, and the techniques for respond-
ing to adverse events and serious errors. The second half of
the chapter discusses specific complications of hospital care

and evidence-based practices that reduce their occurrence.
Adverse drug events and nosocomial infections, two of the
most important categories of hospital-acquired complica-
tions, are touched on briefly here and discussed in detail in
Chapters 21, 66, 68 and 72.

THE EPIDEMIOLOGY OF ADVERSE
EVENTS IN THE HOSPITAL SETTING

Table 20.1 lists studies of iatrogenesis involving general
acute hospital care in the United States during the past 40
years. Studies from other countries have produced compa-
rable results, with differences in the rates of adverse events
largely due to differences in design and definitions (4).

The two studies that formed the basis of the IOM’s
widely quoted estimate of 44,000 to 98,000 annual deaths
due to medical error were the Harvard Medical Practice (5)
and the Utah-Colorado studies (6) (both included in Table
20.1). These studies screened inpatient records for various
potential indicators of adverse events, such as death or
other undesirable outcome, transfer from a general ward to
intensive care, unexpected return to the operating room,
and length of hospital stay above 90th percentile for a given
diagnosis. Records that met one or more of these criteria
were then reviewed independently by at least two board-
certified physicians to identify adverse events, which were
defined as injuries due to medical management rather than
underlying illness. These studies had as their goal an as-
sessment of the relationship between iatrogenic injury and
malpractice litigation. Thus, both studies identified a sub-
set of negligent adverse events, defined as injuries “caused by
the failure to meet standards reasonably expected of the av-
erage physician.”

20
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One criticism of the IOM’s estimate of deaths due to
medical error is that the details of the calculations were
never provided (16). The relevant inputs to the calculation
include the percent of hospitalized patients experiencing
an adverse event, the proportion of adverse events associ-
ated with death, and the proportion of those cases in which
death could have been prevented. Figure 20.1 outlines a
reasonable scheme (16) for estimating deaths due to med-

ical error. Interestingly, using the same inputs as the IOM
report, no combination of these inputs produces the spe-
cific estimates of 44,000 or 98,000 deaths.

While the estimates published in To Err Is Human are
more speculative than generally acknowledged, it is worth
noting that these estimates were restricted to deaths, ignor-
ing the many cases of non-fatal iatrogenesis. Even putting
aside the debate over the IOM death rates, it is quite sober-
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TABLE 20.1
MAJOR EPIDEMIOLOGIC STUDIES OF ADVERSE EVENTS RELATED TO ACUTE HOSPITAL CARE IN
THE UNITED STATESa

Study Setting Principal findings

Schimmel, 1964 (7) Medical service of a university- 20% of patients experienced a complication of medical care
affiliated community hospital unrelated to their underlying illness.
in New Haven, CT, 1.6% of hospitalizations involved a complication regarded as causing
from 1960–61 or contributing to death.

California Medical Screening and reviewing charts 4.6% of hospitalizations involved a potentially compensable event
Insurance Feasibility from 20,864 stays in (PCE), temporary or permanent disability attributable to health care
Study (8) California hospitals in 1974 management.

0.6% of hospitalizations involved a PCE that produced death or a
major permanent disability.

Steel, 1981 (9) Two general medical wards, one 36% of patients experienced at least one iatrogenic illness.
ICU and one CCU, in a Boston 2% suffered an iatrogenic illness judged as contributing to death.
teaching hospital in 1979

Harvard Medical Practice 30,121 stays at 51 hospitals in 3.7% of hospitalizations resulted in an adverse event; i.e., an injury
Study, 1991 (5, 10) New York State in 1984 caused by medical management.

1% of hospitalizations involved a negligent adverse event; i.e., an
injury caused by substandard care.

0.6% of hospitalizations resulted in a fatal or permanently disabling
adverse event.

ADE Prevention Study Admissions to 11 medical and 6.5% of admissions experienced an adverse drug event (ADE).
Group, 1995 (11) surgical units of 2 Boston 0.06% of hospitalizations involved a fatal ADE.

teaching hospitals in 1993 5.5% of patients experienced a potential ADE (serious medication
error that produced no injury).

Classen et al., 1997 (12) Admissions to a teaching 6.5% of hospitalized patients experienced an ADE.
hospital in Utah from 1990–1993 0.2% of hospitalized involved a fatal ADE.

Andrews et al., 1997 (13) Two intensive care units and one 17.7% of patients experienced an adverse event that produced at
general surgical ward at a least a temporary disability or more serious injury.
Chicago teaching hospital
from 1989–1990

Colorado-Utah Study, 15,000 discharges from 28 hospitals 2.9% of hospitalizations resulted in an adverse event; i.e., an injury
2000 (6, 14) in Colorado and Utah in 1992 caused by medical management.

0.2% of hospitalizations involved an adverse event resulting in death.
30% of all adverse events were judged as negligent.

Hayward & Hofer, 111 random cases among all 6.0% of deaths rated as “definitely or probably preventable.”
2001 (3) deaths occurring at 7 Veterans Reviewers estimated that about 50% of patients would still have died

Affairs hospitals from 1995–1996 (during this hospitalization).
Optimal care for 10,000 patients would result in 1 additional patient

living at least 3 additional months in good cognitive health.
Forster et al, 2003 (15) Consecutive discharges from the 76 patients (19%) experienced adverse events after discharge.

medical service of a Boston Adverse events consisted of symptoms reported by patients (65%),
teaching hospital in 2001 symptoms associated with a temporary disability (30%), serious

laboratory abnormalities (3%), and permanent disabilities (3%).

a Studies included here all reported rates of adverse events and/or errors. Studies without a denominator (e.g., incident reports only) are not
included; also excluded from the table are studies with adverse event rates derived primarily from administrative data. The table does not include
studies restricted to intensive care units, operating rooms, psychiatric facilities, or nursing homes.
Modified from Shojania KG, Wald H, Gross R. Understanding medical error and improving patient safety in the inpatient setting. Med Clinic North
Am 2002;86:847–867, with permission.
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Calculations

Approximately 30 million
hospitalizations in the U.S. in 1999

2.9% to 3.7% of all hospitalized
patients experience an adverse

event

6.6% to 13.6% of adverse events
followed by death

“50% of adverse events could have
been prevented”

30 million x 0.029 x 0.066 x 0.5 = 57,420

30 million x 0.037 x 0.136 x 0.5 = 150,960

Caveats and Discussion

Illustrative examples of adverse events
included broader quality problems that
many might not regard as “injury due to
medical care” (e.g., hospitalized patient
with atrial fibrillation but not on heparin
or warfarin has a stroke).

Degree to which adverse events
caused deaths not captured in
either study (5,6).

This statement played a role in the
IOM calculation, but the basis for
the estimate of 50% was never
provided. Also, judgments of
preventability have only fair
agreement between reviewers (3).

No combination of the above
numbers produces either of the
IOM's estimate of 44,000 to 98,000
deaths due to medical error each
year in U.S. hospitals.

Figure 20.1 Outline of calculation examining Institute of Medicine’s estimate of annual deaths
due to medical errors. 

ing to compare the adverse event rates in health care with
that seen in other hazardous activities and exposures (17,
18). Whereas roughly 1–5 of every hundred hospitalized
patients will suffer a major injury from medical care, it
takes roughly 8 million enplanements to result in one pas-
senger death. While physicians may balk at the comparison
of commercial aviation to the care of complex, acutely ill
patients, elective anesthesia in healthy patients probably is
a fair comparison. Even in this setting, health care has not
achieved a safety record comparable to aviation (19),
though anesthesia has been one of the pioneering special-
ties for patient safety.

Errors vs. Adverse Events

Identifying something as an adverse event does not imply
“error” or even poor quality care. It simply implies that an
undesirable clinical outcome resulted from some aspect of
diagnosis or therapy or even from the mere presence of a
patient in the hospital. A large evidence review sponsored
by the federal Agency for Healthcare Quality and Research
defined a patient safety practice as “any health care struc-
ture or process that reduces the probability of adverse
events resulting from exposure to the health care system
across a range of diseases and procedures” (20, 21).
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According to this definition, tracking the rate of falls
among hospitalized elders and looking for ways to reduce
these rates are patient safety activities, analogous to track-
ing rates of infection because of resistant nosocomial or-
ganisms and developing strategies to reduce these rates. In
this broader view of patient safety, errors become the equiv-
alent of intermediate clinical outcomes. Thus, just as we
target blood pressure control in order to reduce myocardial
infarction and stroke, targeting errors will play a role in pre-
venting many (but not all) adverse events.

Under this view, errors committed by individual health
care personnel represent just one element along the causal
pathway to adverse events. This perspective serves the im-
mediate purpose of diminishing some of the stigma associ-
ated with errors. It also serves the more general constructive
purpose of putting individual errors into a broader context
of factors contributing to the occurrence of adverse patient
outcomes, an approach that has been long used (to great ef-
fect) in industries outside of health care.

FRAMEWORK FOR THINKING ABOUT
ERRORS

One of the major lessons that health care has had to learn
from other safety-conscious industries is that the pervasive
medical culture of individual responsibility and blame stand in
the way of efforts to make health care safer. No amount of in-
dividual reprimand will change the fact that all providers
will err from time to time. The goal is thus to develop a sys-
tem that recognizes, and even expects, these occasional hu-
man failures and minimizes the chance they will result in
patient harm.

The Cognitive Psychology of Errors

The patient safety literature generally defines an error as an
act or omission that leads to an unanticipated, undesirable out-
come or to substantial potential for such an outcome (22, 23).
The phrase “act or omission” implies that errors include ac-
tive behaviors such as prescribing an inappropriate medi-
cation dose and passive behaviors such as forgetting to
check for allergies prior to prescribing a medication. The
term “unanticipated” implies that errors do not include
outcomes acknowledged as “acceptable risks” during deci-
sion-making processes. For instance, a patient with breast
cancer metastatic to brain develops a pulmonary em-
bolism. The treating physicians decide to anticoagulate her
after reviewing her most recent head CT scan, which
showed no edema, mass effect, or other findings placing
the patient at high risk for bleeding. Nonetheless, the pa-
tient suffers an intracranial bleed. The decision to adminis-
ter heparin would not be regarded as an error given that the
physicians considered the risk of intracranial hemorrhage
from a single metastasis without mass effect and weighed
this risk against the expected benefit of anticoagulation for

pulmonary embolism. (On the other hand, this event
would still count as an adverse event, since the bleed clearly
reflects the impact of medical care and not the patient’s
medical condition.)

Types of Error

There are two broad categories of error: slips and mistakes
(17). Slips are inadvertent, unconscious lapses in expected
behavior or inappropriate persistence of automaticity. They
tend to affect schematic (also called “automatic”) rather
than attentional behaviors. For example, you divide your
time between a hospital and a skilled nursing facility and,
one morning, you absently drive toward the hospital in-
stead of the nursing facility. Unfortunately, the distraction
produced by recognizing one slip may lead to another; so,
annoyed with yourself (once you realize your error) and
flustered because you are now running late, you drive
through a red light. Slips are more frequent in the face of
competing sensory or emotional distractions, fatigue, and
stress. These factors represent the norm in many health care
settings.

Mistakes, by contrast, reflect incorrect choices. Rather
than lapses in concentration (as with slips), mistakes typi-
cally involve insufficient knowledge, failure to correctly in-
terpret available information, or application of the wrong
cognitive “heuristic” or rule. Thus, mistakes are often di-
vided into two types of problems—rule-based and knowl-
edge-based (22). For instance, you admit a 60-year-old
diabetic with fever, meningismus, and CSF leukocytosis,
but order ceftriaxone by itself (i.e., without including em-
piric coverage for Listeria with ampicillin or penicillin-
resistant pneumococcus with vancomycin). Whereas stress,
fatigue, and distraction contribute to slips, mistakes are at-
tributable to insufficient experience or training.

Responses to the Different Types of Errors

Table 20.2 outlines features that distinguish slips from mis-
takes. One important point is that, while mistakes invade
attentional behavior more frequently than slips invade
schematic behavior, schematic behavior is the predomi-
nant pattern within a health care setting. Consequently, the
absolute number of slips far exceeds that of mistakes.

The practical significance of the distinction between slips
and mistakes lies in informing the response to a given error.
A mistake due to incorrect pattern recognition by an inexpe-
rienced physician or nurse likely represents insufficient su-
pervision or oversight by the “system” relative to training. By
contrast, when a physician forgets to elicit an allergy history
or a nurse forgets to check an allergy history that has been
elicited, these represent slips that can be expected to occur
from time to time. Remedial education and/or increased su-
pervision will generally not help reduce future occurrences
of the same error, whereas redesigning the medication sys-
tem so that no medication can be administered without an
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allergy check probably would. By contrast, after a patient
with meningitis due to Listeria monocytogenes dies because of
inadequate empiric antibiotic therapy, an in-service on em-
piric antibiotic therapy would be quite reasonable. An algo-
rithmic decision-aid addressing the treatment of suspected
meningitis posted in the emergency department would also
be a productive quality improvement response to such an
event.

In summary, understanding the difference between slips
and mistakes will aid in and developing strategies to reduce
the recurrence of specific errors in the future. The current
literature does not offer direct supporting evidence for us-
ing any particular cognitive theory-based plan for error re-
duction, but the recommendations shown in Table 20.3 are
consistent with relevant cognitive theories for planning
error-resistant processes (17).
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TABLE 20.2
CATEGORIZATION OF HUMAN BEHAVIOR AND ERROR TYPES FROM A COGNITIVE 
PSYCHOLOGY PERSPECTIVE

Behavior Associated Error-inducing 
type Features error type conditions Examples

Attentional Involves analysis, Mistakes Inexperience relative Physician misinterprets 
planning, oversight • Wrong rule applied, to supervision signs of pulmonary 

Generates sense of pattern recognition Inadequate training embolus for pulmonary 
mental effort, failure Key information edema; physician 
intellectual • Knowledge-based presented in ambiguous prescribes antibiotic for 
satisfaction mistakes, wrong or inconsistent ways sepsis which fails to 

Quite error-prone judgment cover common resistant 
bacteria.

Schematic Automated or scripted Slips more common than Stress, fatigue, Telemetry observer fails 
Repetitive, may be mistakes (inappropriate distraction, inadequate to notice frequent 

monotonous, persistence or lapse in oversight, system design premature ventricular 
unrewarding automaticity, unconscious insensitive or inflexible contractions; nurse 

Usually requires “fumbles”) to changes in context receiving numerous 
oversight for best intercom calls gives drug 
performance to wrong patient.

TABLE 20.3
RECOMMENDED RULES OF THUMB FOR “ERROR-PROOFING” HEALTH
CARE PROCESSES

Rule of thumb Discussion and specific recommendations

Focus on schematic behavior over Checklists, standardized order sheets, and protocols
attentional behavior. reduce opportunities for slips.

Design unambiguous schematic systems, A protocol cannot anticipate all possible clinical
but retain flexibility with respect to scenarios and thus must allow a certain amount
operator judgment and experience. of flexibility to avoid endangering patients when

unusual situations arise. At the same time, par- 
ticipants should compromise in the interests of
reasonable consistency and standardization when
necessary.

Enhance attentional behavior through For tasks that must be accomplished with attentional
collaboration. behavior, among the most powerful means for

assuring success is collaboration, ranging from
informal, “curbside” consultation to formalized 
team meetings and inclusion of nurses, pharmacists,
and various therapists on hospital rounds.

Assume that errors will occur and make Use the lessons of an error to reduce the likelihood of
their identification and prevention a recurrence. Medical leadership should commend
positive cultural occurrence. such activities at every opportunity.
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Detailed Error Analysis

The above general principles provide a useful framework for
thinking about patient safety, but the approach to specific in-
cidents requires detailed analysis of the chronology of events
and system factors that contributed to the error or bad out-
come. Root cause analysis (RCA) is a retrospective approach
to error analysis that was developed to investigate industrial
accidents (22) and has more recently been adapted to the in-
vestigation of sentinel events in medicine (24). In 1997, the
Joint Commission on the Accreditation of Healthcare Orga-
nizations (JCAHO) mandated the use of RCA in the investi-
gation of sentinel events in accredited hospitals.

The principles and techniques of RCA are described here
using a real case and its discussion (25) presented as the
first in a series of case-based conferences focusing on pa-
tient safety and quality improvement (26). The salient fea-
tures of the case are summarized below; the names are
pseudonyms.

Joan Morris is a 67-year-old female who was admitted to
the telemetry unit of a teaching hospital for cerebral an-
giography. Because of bed limitations, Ms. Morris was
transferred to the oncology floor after her successful em-
bolization procedure. She remained in stable condition the
next morning. Discharge was intended for later that day.

Meanwhile, Jane Morrison was transferred from an out-
side institution (also to the telemetry unit) for a cardiac
electrophysiology (EP) study. This study had been delayed
for two days because of scheduling conflicts, with the result
that Ms. Morrison was rescheduled as the first case of the
morning on the day of Joan Morris’ planned discharge from
the hospital.

Through a series of miscommunications and misidenti-
fications involving various nurses, physicians, and support
staff, Joan Morris was taken to the EP lab instead of Jane
Morrison. One hour into the procedure (programmed
stimulation of the heart), it became apparent that the
wrong patient was on the table. The procedure was aborted,
and the patient was returned to her room.

The RCA occurred in two distinct stages. The first was the
assembly of a detailed timeline of the events leading up to
the recognition of this error through chart review and in-
terviews with involved personnel. This process established
the chronology of events and revealed at least 15 distinct
“active failures.” Active failures refer to the errors and vio-
lations that occur at the point of direct contact between
the patient-system interface (17, 22). The active errors in-
volved in this case included “unsafe acts” and “rule viola-
tions” on the parts of various providers involved with the
case, such as the following:

■ Only the last name was used when the EP nurse phoned
the floor to request the patient be sent down for the
procedure.

■ The floor nurse sent the patient down for the procedure
despite no order in the chart and over the objections of
the patient.

■ The EP fellow obtained informed consent even though
the chart contained no information indicating that this
patient needed an EP study.

■ The EP nurse checked the patient’s wrist identification
band against the chart that accompanied her, but not
against the list of patients scheduled for EP procedures.

Once a critical incident has occurred, active errors are usu-
ally quite apparent; hence traditional error investigations
tend to focus on them. The RCA aims to uncover the less
apparent failures of system design (latent errors) that con-
tributed to these active failures or allowed them to cause
harm (17, 27). For example, whereas the active failure in a
particular adverse event may have been a mistake in pro-
gramming an intravenous pump, a latent error might be
that the institution uses multiple types of infusion pumps,
making programming errors more likely. Thus, latent errors
are literally “accidents waiting to happen.”

The search for active and latent errors forms the second
phase of the RCA and is typically guided by a conceptual
framework adapted from British psychologist James Rea-
son (22). In this framework, contributory causal factors are
categorized as environmental, organizational, process-
related, and so on. These categories are depicted in Figure
20.2 in the form of a “fishbone diagram” (common in er-
ror analyses), using errors relevant to the example case in
this section.

Limitations and Challenges of RCA

Major challenges in the conduct of RCAs include the prob-
lems of hindsight bias, the coloring of the analysis by the
prevailing concerns of the day (e.g., staffing ratios, inade-
quate information technology, discontinuities between the
inpatient and outpatient settings), medico-legal fears, and
the time they take to conduct.

In addition, RCAs are in essence uncontrolled case stud-
ies. They are thus best viewed as hypothesis generating;
when possible, these hypotheses should be tested. For ex-
ample, if several RCAs attribute the use of verbal orders as
a root cause, one should look to the literature to see if the
impact of verbal orders on error rates has ever been as-
sessed. In fact, the one study that conducted such an as-
sessment found that verbal orders were less likely to pro-
duce an error than were handwritten ones (28).

In industries outside health care, it is clear why RCAs
play such an important role, despite the limitations. Major
accidents in aviation, nuclear power, and the petrochemi-
cal industries are too uncommon to lend themselves to
quantitative analysis. Certain adverse events in health care
are also uncommon (e.g., wrong site surgery and infant ab-
duction). Well-designed RCAs are therefore reasonable
ways to investigate these events. In health care, however,
many adverse events occur with sufficient frequency to
permit careful study of prevention strategies. The next sec-
tion addresses the more common situations in which tra-
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ditional clinical and epidemiologic research techniques can
be applied to improving patient safety.

Evidence-Based Patient Safety Practices

Much of the attention in the literature has focused on
large systemwide initiatives, such as acquiring computer-
ized physician order entry or channeling patients to hos-
pitals with high patient volumes. While such initiatives
may ultimately prove very powerful quality improvement
tools, individual practitioners (or even individual hospi-
tals) will have difficulty implementing sweeping cultural
and organizational changes. However, clinicians do have

available to them many evidence-based practices that re-
duce common complications of hospitalization and do
not require major organizational investments (Table
20.4). Other practices related to nosocomial infectious
and adverse drug events are discussed in Chapters 21, 66,
68, and 72.

Additional practices and the evidence supporting them
are reviewed in Making Healthcare Safer, an evidence report
sponsored by the federal Agency for Healthcare Quality
and Research (20, 21). Readers interested in potential qual-
ity improvement activities for their hospital should scan
the report’s table of contents or the summary chapters list-
ing all of the practices rated by their evidence. The report
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Environment

Organization Processes Equipment

Information
Technology

People

Problem

Protocol for
sending patients
for procedures5

Design of
cardiac EP

suite6
Physician
coverage
system3

Care delivered
along specialized

service lines2

Economic
pressures1

Patient-provider

Patient
scheduling

system4
communication7

Figure 20.2 Fishbone diagram illustrating categories of latent failures in the “Wrong Patient”
case (25).
1 Economic pressures created some of the organizational strategies (e.g., fragmentation of care

along highly specialized “service lines,” boarding of patients on floors unfamiliar with that “service
line,” the physician coverage system, and e-mail scheduling system (all discussed below) that con-
tributed to the errors in this case.

2 The physicians on the electrophysiology (EP) service at this tertiary referral center had developed
a coverage system that allowed them to handle the high volume of consultations from outside hos-
pitals while performing their duties at their own institution. However, this call system meant that
the attending and fellow who performed a given EP procedure had often never before met the pa-
tient.

3 The development of specialized services (such as the interventional neuroradiology service that ad-
mitted one of the patients and the EP service that admitted the other) increases communication
problems and the chance that essential information will slip between the cracks.

4 The use of an e-mail scheduling system (due to the lack of a systemwide scheduling system)
allowed for the occurrence of many minor typographical errors and missing pieces of information
(e.g., medical record numbers). Consequently, providers became habituated and indifferent to
name discrepancies and did not consistently use patient identification numbers in important com-
munications with other providers.

5 The hospital had no requirement that an order be present in the chart in order for a patient to be
sent off the floor for a test.

6 The design of the EP suite was such that the attending physician (who in this case had met the
correct patient briefly the night before) operated a console behind a window in a room adjacent
to the suite, so that the physician could not actually see the patient’s face at any time during the
procedure.

The patient was taken for the EP procedure despite repeated protests and statements from the pa-
tient that she believed there had been a mistake. Physicians and nurses involved in her care assumed
she simply did not understand the situation. Routine deficiencies in communication of important is-
sues to patients results in many patients not understanding their medical conditions or plans for their
care. As a result, providers expect patients to have misconceptions about tests and procedures, and
thus ignore their input, even, as in this case, when the patient is correct.
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covers the complete evidence, implementation issues, po-
tential for harm, and other important aspects of each prac-
tice in the specific chapter reviews.

CONCLUSIONS

Improving patient safety incorporates two complemen-
tary endeavors. The first, inspired by research in cognitive
psychology and the lessons of accident investigation in
other industries, provides qualitative methods for antici-
pating errors, documenting critical incidents, and re-
sponding to them in a blame-free and structured manner.
Using such qualitative methods, physicians can generate
meaningful strategies for preventing similar occurrences
in the future. Hospital-based physicians have an impor-
tant role to play in promoting a culture of safety by cham-
pioning incident reporting initiatives and participating on
multidisciplinary teams that analyze adverse events and
promote change.

The second approach involves applying the results of
quantitative clinical research to reduce the common haz-
ards of hospitalization. Hospitalists also have an important
role to play in this arena because many of these safety tar-
gets and the associated clinical practices (especially those
that cut across organ-based silos) are not on the radar
screens of many hospital-based subspecialists.

In both circumstances, physician collaboration with
nurses, pharmacists, nutritionists and other health care
professionals would likely produce important improve-
ments in patient care. Moreover, physician involvement in
these initiatives will demonstrate visible leadership in pro-
moting a culture of patient safety in hospitals and in health
care.

KEY POINTS

■ The last few years have seen a new appreciation of the
risks of hospitalization, and significant efforts to im-
prove patient safety

■ Errors can be classified as slips (inadvertent, uncon-
scious lapses in automatic behaviors) or mistakes
(wrong choices). Although the latter may be prevented
by education, the former is best addressed by system
redesign.

■ Detailed error analyses (“Root Cause Analysis”) can help
identify and help prevent active latent (failures of system
design) errors.

■ Safety could be markedly improved with widespread im-
plementation of evidence-based safety practices.

REFERENCES

1. Kohn L, Corrigan J, Donaldson M, eds. To Err Is Human: Building
a Safer Health System. Washington, D.C.: Committee on Quality of
Health Care in America, Institute of Medicine. National Academy
Press, 2000.

2. McDonald CJ, Weiner M, Hui SL. Deaths due to medical errors are
exaggerated in Institute of Medicine report. JAMA 2000;284:
93–95.

3. Hayward RA, Hofer TP. Estimating hospital deaths due to medical
errors: preventability is in the eye of the reviewer. JAMA 2001;286:
415–420.

4. Thomas EJ, Studdert DM, Runciman WB, et al. A comparison of
iatrogenic injury studies in Australia and the USA. I: Context,
methods, casemix, population, patient and hospital characteris-
tics. Int J Qual Health Care 2000;12:371–378.

5. Brennan TA, Leape LL, Laird NM, et al. Incidence of adverse events
and negligence in hospitalized patients. Results of the Harvard
Medical Practice Study I. N Engl J Med 1991;324:370–376.

6. Thomas EJ, Studdert DM, Burstin HR, et al. Incidence and types of
adverse events and negligent care in Utah and Colorado. Med Care
2000;38:261–271.

7. Schimmel EM. The hazards of hospitalization. Ann Intern Med
1964;60:100–109.

154 Section I: General Issues in Hospital Medicine

TABLE 20.4
SELECTED EVIDENCE-BASED SAFETY PRACTICES CLINICIANS CAN IMPLEMENT WITHOUT LARGE-
SCALE INVESTMENTS OF ORGANIZATIONAL RESOURCES

Patient safety target Patient safety practice

Venous thromboembolism Appropriate prophylaxis (various strategies) (29)
Perioperative cardiac events in patients Use of perioperative beta-blockers in selected patients (30)

undergoing noncardiac surgery
Mechanical complications from insertion of Use of real-time ultrasound guidance during central line insertion (31)

central venous catheters
Adverse events related to discontinuities in care (15) Better information transfer between inpatient and outpatient providers 

(32); follow-up telephone calls after hospital discharge (33)
Radiocontrast-induced nephropathy Acetylcysteine (plus regular hydration protocol) for diabetics and any 

patient with chronically elevated Cr (34)
Miscommunication and other problems related Teamwork training (e.g., for “code blue” responders) (36)

to poor teamwork (35)
Unsuspected errors in diagnosis Obtain more autopsies (37)

26410 ch 020  3/11/05  3:16 PM  Page 154



8. Mills DH, ed. Report on the medical insurance feasibility study / spon-
sored jointly by California Medical Association and California Hospital
Association. San Francisco: Sutter Publications, Inc., 1977.

9. Steel K, Gertman PM, Crescenzi C, et al. Iatrogenic illness on a
general medical service at a university hospital. N Engl J Med
1981;304:638–642.

10. Leape LL, Brennan TA, Laird N, et al. The nature of adverse events
in hospitalized patients. Results of the Harvard Medical Practice
Study II. N Engl J Med 1991;324:377–384.

11. Bates DW, Cullen DJ, Laird N, et al. Incidence of adverse drug
events and potential adverse drug events. Implications for preven-
tion. ADE Prevention Study Group. JAMA 1995;274:29–34.

12. Classen DC, Pestotnik SL, Evans RS, et al. Adverse drug events in
hospitalized patients. Excess length of stay, extra costs, and at-
tributable mortality. JAMA 1997;277:301–306.

13. Andrews LB, Stocking C, Krizek T, et al. An alternative strategy for
studying adverse events in medical care. Lancet 1997;349:
309–313.

14. Studdert DM, Thomas EJ, Burstin HR, et al. Negligent care and
malpractice claiming behavior in Utah and Colorado. Med Care
2000;38:250–260.

15. Forster AJ, Murff HJ, Peterson JF, et al. The incidence and severity
of adverse events affecting patients after discharge from the hos-
pital. Ann Intern Med 2003;138:161–167.

16. Sox HCJ, Woloshin S. How many deaths are due to medical error?
Getting the number right. Eff Clin Pract 2000;3:277–283.

17. Shojania KG, Wald H, Gross R. Understanding medical error and
improving patient safety in the inpatient setting. Med Clin North
Am 2002;86:847–867.

18. Chassin MR. Is health care ready for Six Sigma quality? Milbank Q
1998;76:565–591, 510.

19. Lagasse RS. Anesthesia safety: model or myth?: a review of the
published literature and analysis of current original data. Anesthe-
siology 2002;97:1609–1617.

20. Shojania KG, Duncan BW, McDonald KM, et al., eds. Making
health care safer: a critical analysis of patient safety practices. 
Evidence Report/Technology Assessment No. 43 from the Agency
for Healthcare Research and Quality: AHRQ Publication No. 01-
E058; 2001.

21. Shojania KG, Duncan BW, McDonald KM, et al. Safe but sound:
patient safety meets evidence-based medicine. JAMA 2002;288:
508–513.

22. Reason JT. Human Error. New York: Cambridge Univ Press, 1990.
23. Leape LL. Error in medicine. JAMA 1994;272:1851–1857.
24. Vincent C. Understanding and responding to adverse events. N

Engl J Med 2003;348:1051–1056.

25. Chassin MR, Becher EC. The wrong patient. Ann Intern Med 2002;
136:826–833.

26. Wachter RM, Shojania KG, Saint S, et al. Learning from our mis-
takes: quality grand rounds, a new case-based series on medical er-
rors and patient safety. Ann Intern Med 2002;136:850–852.

27. Rex JH, Turnbull JE, Allen SJ, et al. Systematic root cause analysis
of adverse drug events in a tertiary referral hospital. Jt Comm J Qual
Improv 2000;26:563–575.

28. West DW, Levine S, Magram G, et al. Pediatric medication order
error rates related to the mode of order transmission. Arch Pediatr
Adolesc Med 1994;148:1322–1326.

29. Geerts WH, Heit JA, Clagett GP, et al. Prevention of venous throm-
boembolism. Chest 2001;119(1 Suppl):132S-175S.

30. Auerbach AD, Goldman L. Beta-blockers and reduction of cardiac
events in noncardiac surgery: scientific review. JAMA 2002;287:
1435–1444.

31. Hind D, Calvert N, McWilliams R, et al. Ultrasonic locating de-
vices for central venous cannulation: meta-analysis. BMJ
2003;327:361–360.

32. Cook RI, Render M, Woods DD. Gaps in the continuity of care and
progress on patient safety. BMJ 2000;320:791–794.

33. Dudas V, Bookwalter T, Kerr KM, et al. The impact of follow-up
telephone calls to patients after hospitalization. Am J Med
2001;111:26S-30S.

34. Birck R, Krzossok S, Markowetz F, et al. Acetylcysteine for preven-
tion of contrast nephropathy: meta-analysis. Lancet 2003;362:
598–603.

35. Sexton JB, Thomas EJ, Helmreich RL. Error, stress, and teamwork
in medicine and aviation: cross sectional surveys. BMJ
2000;320:745–749.

36. Morey JC, Simon R, Jay GD, et al. Error reduction and perfor-
mance improvement in the emergency department through for-
mal teamwork training: evaluation results of the MedTeams pro-
ject. Health Serv Res 2002;37:1553–1581.

37. Shojania KG, Burton EC, McDonald KM, et al. Changes in rates of
autopsy-detected diagnostic errors over time: a systematic review.
JAMA 2003;289:2849–2856.

ADDITIONAL READING

Wachter RM, Shojania KG. Internal Bleeding: The Truth Behind Amer-
ica’s Terrifying Epidemic of Medical Mistakes. New York: Rugged
Land, 2004.

Chapter 20: Patient Safety in the Hospital Setting 155

26410 ch 020  3/11/05  3:16 PM  Page 155



26410 ch 020  3/11/05  3:16 PM  Page 156



Medication Safety in 

the Hospital
David W. Bates

INTRODUCTION

The study that provides the best estimates regarding the risk
of hospitalization is the Harvard Medical Practice Study,
which evaluated the frequency of iatrogenic injury in pa-
tients discharged from hospitals in New York in 1984 (1,
2). Its primary outcome was the “adverse event,” defined as
an injury caused by medical management that resulted in
disability at discharge or a prolonged length of stay. The
study found that adverse events occurred in 3.7% of hospi-
talizations, and 28% of these were judged negligent. The
most frequent cause of injury in this study was the adverse
drug event, or injury because of a drug, and these ac-
counted for 19% of adverse events.

CARE OF THE HOSPITALIZED PATIENT

Of the main types of adverse events, adverse drug events
(ADEs) have received perhaps the most study. In one study,
Bates et al. (3) found 6.5 ADEs per 100 admissions in non-
obstetric units in a tertiary care hospital; 28% of these were
judged preventable. Of the life-threatening and serious
ADEs, 42% were preventable, compared with 18% of sig-
nificant but non-life-threatening ADEs. Errors resulting in a
preventable ADE were more likely to be at the ordering
(56%) and administration (34%) stages than at the tran-
scription (6%) or dispensing (4%) stages. A key difference
between this and previous studies was that all errors that ei-
ther resulted in or had the potential to result in an ADE
were subjected to a systems analysis by multidisciplinary
teams (4). These analyses identified 16 major systems fail-
ures as the underlying causes of the errors. Seven of these
accounted for 78% of the errors; all could have been im-

proved by better information systems. The most common de-
fects were in the systems for disseminating knowledge
about drugs, and for making drug and patient information
available at the time it was needed.

In fact, many of the current “systems” used in medicine
were never consciously designed by anyone and, in effect,
just evolved in a haphazard and less than rational manner
(3). For example, the “allergy detection system” in many
hospitals consists of having several people ask patients
about their allergies, including the nurse, the attending
physician, one or more residents, and sometimes a medical
student or pharmacist, although none of these persons is
specifically responsible for this issue. Many of them note
the allergies in the hospital chart, but such notations are
not necessarily recorded in a central location, and there is
often no communication with the outpatient record. The
pharmacist may check for allergies by reading the physi-
cian’s order and then visually comparing one list (the or-
dered medications) with another (the allergy list). Not
surprisingly, this highly inefficient system allows a number
of orders for drugs to which patients have known allergies
to slip through (3). However, this system can be redesigned
to put all records of drug allergies in one central electronic
location, where they can be mapped by drug family and
subsequent orders can be checked for problems. Any aller-
gies detected can be displayed to the ordering clinician.

In addition to studies of adverse drug events, many med-
ication studies have focused on medication errors, defined
as an error in ordering, dispensing, administering, or mon-
itoring a drug. These errors are common, making them eas-
ier to study than adverse drug events. However, most do
not result in injury. For example, one study found that 7 in
100 medication errors had the potential to cause an injury
and 1 in 100 actually did so (Figure 21.1) (5). Medication
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errors almost certainly differ substantially in their propen-
sity to result in injury. For example, a 5-fold overdose may
actually be more dangerous than a 100-fold overdose, be-
cause it is much more likely to be carried out.

Medication-related risk does not abate when the patient
goes home; in fact, the immediate post-discharge period is
especially risky. In a recent study, 19% of patients who had
just been discharged from a medical service had adverse
events, and 66% of these events were adverse drug events
(6). Many of these adverse drug events might have been
prevented.

MEDICATION SAFETY IMPROVEMENT
STRATEGIES

A multidisciplinary panel that included nurses, pharma-
cists, and physicians made seven key recommendations
about actions that organizations could take to reduce the
number of ADEs (Table 21.1) (7). Among these, the most
powerful is implementation of a systems change: computer-
ized physician order entry (CPOE). In two recent studies, such
a system prevented 55% to 86% of serious medication er-
rors that otherwise would have reached the patient (8, 9).
With CPOE, all orders are legible, and input is structured so
that each medication order includes a drug name, dose,
route, and frequency. Doses are selected from menus that
include only appropriate options, which minimizes the
likelihood that too high a dose will be ordered. In addition,
orders can be checked for drug allergies, drug-drug interac-
tions, and drug-laboratory interactions. Finally, dosing
guidelines for specific drugs, such as aminoglycosides and

heparin, can be displayed, and the computer can calculate
doses and recommend monitoring for these agents, which
improves outcomes for drugs such as heparin (10) (see also
Chapter 10).

When prescriptions are written by hand, the use of ab-
breviations can cause problems. Although computerization
of ordering can minimize many of these issues, most drug
orders are still written with the pen. Following the recom-
mendations of the Medication Error and Reporting Pro-
gram (Table 21.2) (7), which mainly involve avoiding
potentially problematic abbreviations, can minimize the
likelihood of many such errors.

A variety of additional strategies can improve medica-
tion safety. Access to drug knowledge is important, and
many applications are now available for handheld devices
that can make it easy for physicians to access this informa-
tion, even if their hospital does not utilize CPOE (11). Bar
coding has been used widely in other industries, and,
though few published data are available to date regarding
its impact in medication dispensing and administration, it
is probably beneficial (12, 13). “Smart pumps” are infusion
pumps that can be told what medication is being given,
and, if too high a dose of medication is entered, the pump
can warn the nurse. Importantly, these pumps can also re-
tain a log of what was done, including overrides. Having
pharmacists round with the team in the intensive care unit
also reduced serious prescribing errors (14). Because a
number of these strategies address stages of the medication
process other than prescribing, it is likely that to achieve a

158 Section I: General Issues in Hospital Medicine

Medication Errors

Potential
ADEs

ADEs

Figure 21.1 Relationships between medication errors, poten-
tial adverse drug events (medication errors with the potential to
cause injury), and adverse drug events (ADEs). Only a proportion
(28% in the Adverse Drug Events Prevention Study) are pre-
ventable. (From Bates DW, Boyle DL, Vander Vliet MB, et al. Rela-
tionship between medication errors and adverse drug events.
J Gen Intern Med 1995;10:201, with permission.)

TABLE 21.1
TOP-PRIORITY ACTIONS FOR PREVENTING
ADVERSE DRUG EVENTS IN HOSPITALS:
RECOMMENDATIONS OF AN AMERICAN
SOCIETY OF HEALTH SYSTEM PHARMACISTS
CONVENED EXPERT PANEL

1. Hospitals should establish processes in which prescribers enter
medication orders directly into computer systems.

2. Hospitals should evaluate the use of machine-readable coding
(e.g., bar coding) in their medication use processes.

3. Hospitals should develop better systems for monitoring and
reporting adverse drug events.

4. Hospitals should use unit dose medication distribution and
pharmacy-based intravenous admixture systems.

5. Hospitals should assign pharmacists to work in patient care areas
in direct collaboration with prescribers and those administering
medications.

6. Hospitals should approach medication errors as systems failures
and seek systems solutions for preventing them.

7. Hospitals should ensure that medication orders are routinely
reviewed by a pharmacist before first doses and should ensure
that prescribers, pharmacists, nurses, and other health workers
seek resolution whenever there is any question of safety
regarding medication use.

From ASHP guidelines on preventing medication errors in hospitals.
Am J Hosp Pharm 1993;50:305–314, with permission.
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large improvement in medication safety it will be impor-
tant to use many of them simultaneously.

Regarding post-discharge adverse drug events, one study
found that a follow-up phone call by a pharmacist involved
in the patient’s hospitalization was associated with increased
patient satisfaction, resolution of medication-related prob-
lems, and fewer return visits to the emergency department
(15). Scheduling early post-hospital follow-up with the pri-
mary care provider or hospitalist is also important.

Monitoring for Adverse Drug Events

Hospitals need to monitor routinely for adverse drug events
and use the data to improve quality, without punishing the
persons involved unless a repeated pattern of error is iden-
tified. Some types of monitoring are required by regulatory
agencies, but for adverse drug events, most hospitals rely on
spontaneous reporting, an insensitive method that identi-
fies few events (about 1 in 20 ADEs) (16).

A major problem with routine human surveillance is the
cost, which is sufficiently high to make it impractical for
relatively rare problems like serious adverse drug events.
However, computerized searching can be used to look for a
variety of events inexpensively by looking for signals, such
as use of an antidote (such as Narcan or Flumazemil) or
high serum drug levels (17, 18), and it is increasingly avail-

able. Computerized adverse drug event monitoring will
likely soon become the main strategy for looking for ad-
verse drug events.

Regardless, it is still important for clinicians to report
medication safety issues that they identify to their hospital
safety program. These reports can be aggregated to help pri-
oritize safety strategies.

Cost Considerations and Resource Use

Adverse drug events are expensive in addition to being
harmful to patients. For example, two studies addressing
the cost to a hospital of an ADE reached estimates of ap-
proximately $2,000 per event (19,20), even though these
figures exclude the costs of malpractice, admissions result-
ing from ADEs, and injuries to patients. In one of the stud-
ies, the costs of a preventable ADE were higher, at $4,600
(20). For a 700-bed hospital, the yearly figures are $5.6 mil-
lion for all ADEs and $2.8 million for the preventable
events (20). Nationally, ADEs occurring during hospital-
ization have been estimated to cost $2 billion per year (17,
21), and admissions caused by ADEs may cost at least as
much. Taken together, these data suggest that such events
are not only highly undesirable for patients but also ex-
tremely costly to the health care system, and they justify in-
vestment in strategies for preventing them.
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TABLE 21.2
DANGEROUS ABBREVIATIONS AS DEFINED BY THE NATIONAL COORDINATING COUNCIL
FOR MEDICATION ERROR REPORTING AND PREVENTION

Abbreviation Intended meaninga Common error

U Units Mistaken for a zero (0) or a four (4), resulting in overdose; also mistaken
for “cc” (cubic centimeters) when poorly written.

�g Micrograms Mistaken for “mg” (milligrams) resulting in overdose.
Q.D. Latin The period after the “Q” has sometimes been mistaken for an “I,” for 

abbreviation for every day, and the drug has been given “QID” (four times daily) rather 
daily than daily.

Q.O.D. Latin Misinterpreted as “QD” (daily) or “QID” (four times daily). If the “O” is
abbreviation for poorly written, it looks like a period or an “I.”
every other day

SC or SQ Subcutaneous Mistaken for “SL” (sublingual) when poorly written.
TIW Three times a week Misinterpreted as “three times a day” or “twice a week.”
D/C Discharge; also discontinue Patient’s medications have been prematurely discontinued when D/C 

(intended to mean ”discharge”) was misinterpreted as “discontinue”
because it was followed by a list of drugs.

HS Half strength Misinterpreted as the Latin abbreviation “HS” (hour of sleep).
cc Cubic centimeters Mistaken as “U” (units) when poorly written.
AU, AS, AD Latin Misinterpreted as the Latin abbreviation “OU” (both eyes); “OS” 

abbreviation for (left eye); “OD” (right eye).
both ears; left
ear; right ear

a In general, these errors can be prevented by spelling out the full word (e.g., “units,” “micrograms”) instead of using the abbreviation, or by using a
computerized order entry.
From U.S. Pharmacopeia. Drug Information for the Health Care Professional. Rockville, MD: U.S. Pharmacopeial Convention, 1998, with permission.
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CONCLUSIONS

By judiciously adding the use of technology in the medica-
tion process, most hospitals should soon be able to sub-
stantially improve medication safety, thereby becoming
more rewarding places for physicians to practice. Particu-
larly important prevention strategies include computerized
physician order entry, bar coding, “smart” intravenous
pumps, and having pharmacists round with care teams.

KEY POINTS

■ Adverse drug events are common and costly in both hu-
man and economic terms.

■ About one-third of adverse drug events are preventable.
■ A systems approach that utilizes the theory of error and

integrates electronic information tools has the best
chance of reducing adverse drug event rates in hospital-
ized patients.
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Approach to the ICU 

Patient
Neal H. Cohen

INTRODUCTION

The intensive care unit (ICU) has become one of the ma-
jor locations for the in-hospital care of both medical and
surgical patients. In the United States, approximately
4 million ICU admissions per year cost about $60 billion
per year. (1) Equipping and maintaining the technology
required to care for critically ill patients is expensive due
to both capital costs and the ongoing requirements to
maintain the diverse and skilled group of providers
needed to deliver the complex care that is required in the
ICU setting.

Over the past decade, new pharmacologic agents,
different modes of mechanical ventilation, and other new
technologies have led to improved outcomes, but mortality
remains between about 8% and 19% (2, 3). The variability
in the mortality rate is due to many factors, including
different patient populations, the skills of the providers,
and the degree to which all the critical skills and resources
can be brought together to improve clinical management.
This variability in outcomes highlights both the economic
and ethical dilemmas that must be addressed each time
a patient is admitted, as well as the importance of devel-
oping administrative and clinical management strategies to
optimize care.

This chapter will describe clinical and administrative
approaches to the management of the ICU and the care of
critically ill patients. It will address some of the challenges
and emphasize how problems can be addressed in a
cooperative and collaborative manner with a team of
providers who bring a broad base of knowledge and skills
to the varying needs of ICU patients.

(RE)DEFINING THE CRITICAL CARE UNIT

ICUs were originally created in the 1960s to centralize
nursing staff as well as high-cost monitoring and therapeu-
tic equipment in a single environment within the hospital.
Although ICUs were originally designed to care for patients
who had respiratory failure and also required mechanical
ventilatory support, the clinical capabilities and diversity of
patients in ICUs have expanded dramatically. At the same
time, the definition of an ICU has become more diffuse,
and the differentiation between an ICU and other inpatient
settings has become less obvious.

Despite this variability, some specific services are avail-
able only in the ICU setting. First, the ICU is designed to
provide a therapeutic environment that centralizes clinical
resources and nursing staff at a higher provider to patient
ratio with immediate availability of highly skilled staff.
Second, in most hospitals, specific technologies, such as
mechanical ventilation for patients with acute respiratory
distress, continuous renal replacement therapy, invasive
hemodynamic monitoring, and titration of vasopressor
and inotropic agents to support hemodynamics and
myocardial function, are available only in the ICU envi-
ronment. Because of the variability in skills required from
one ICU to another, and the variability in the patient
population from one hospital to another, the approach to
each critically ill patient must be flexible enough to take
advantage of an institution’s capabilities and the skills
and training of the staff. Finally, because of the varying
capabilities and clinical needs, a given patient might re-
quire ICU care in one hospital, but be adequately cared for
in a transitional care unit or telemetry unit in another. In
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larger hospitals and those with specialty services that can
support service-specific ICUs, special units have been
created to focus care on subsets of patients who have
specific physiologic problems (cardiac disease, medical vs.
surgical ICUs) or have had certain types of surgical proce-
dures (cardiac surgery, transplant, neurosurgery). For many
community hospitals, however, multidisciplinary units
remain more common.

One of the biggest challenges for the physician who
cares for patients with critical illness is to define each
patient’s clinical needs and understand how and where
best to address them. The hospital-based physician must
be knowledgeable about the models of care that are
available to the patient, the skill set of the providers, and
whether there are dedicated intensive care physicians, res-
piratory therapists or other staff to assist in patient man-
agement. In addition, physicians must understand what
services can be provided only in an ICU setting and
which ones might be available in a less intensive envi-
ronment, so that patients can be triaged to optimize the
utilization of hospital services. For hospitals with teleme-
try capability in non-ICU settings, for example, most pa-
tients who require cardiac monitoring do not require ICU
admission.

ORGANIZATION OF INTENSIVE
CARE UNITS

The organization model for the ICU varies from one insti-
tution to another—and in many cases within a hospital in
units that care for different types of patients. Nevertheless,
ceratin principles are fundamental to a successful ICU.

Administrative and Clinical Oversight

Although no single administrative approach is appropriate
for every ICU, each unit must have a medical director and
a nurse manager. The medical director is responsible for
setting standards for clinical practice within the ICU and
for working with the nurse manager to define staffing pat-
terns, the necessary mix of skills, and the relationships
among the physicians, nurses, and other providers. The
medical director may be trained in one of many medical
specialties, but most commonly the ICU director in
medium- and large-size hospitals has specialty training in
medicine, pulmonary medicine, cardiology, anesthesiol-
ogy, or surgery. Critical care medicine, now a recognized
subspecialty, crosses multiple medical disciplines. In the
United States, critical care medicine training is available as
an added qualification after training in internal medicine
or its subspecialties, especiallly pulmonary medicine
and cardiology. Formal training in critical care medicine
can also follow certification in anesthesiology, surgery, or
pediatrics.

Many larger hospitals typically have specialty units
whose medical directors are trained in the ICU’s area of
specialized emphasis. Examples include neurologic ICUs
(increasingly prevalent as a result of recent advances in the
care of patients with acute stroke and neurovascular
disease), and perinatal units for hospitals with large obstet-
ric populations. These proliferating models of care create
challenges and opportunities, particularly for the hospital-
ists who will participate in the care of their patients.

As the pool of physicians trained in critical care has
expanded and their value documented, the Leapfrog Group
has defined standards for critical care coverage in ICUs
(Table 22.1) (3, 4). However, many smaller hospitals
cannot support an ICU physician, so the skills needed to
optimize patient care must be provided by a group of
providers who work together to ensure that the patient
receives required care.

In smaller hospitals, the ICU census is typically small,
the needs of patients are variable, and physicians certified
in critical care are infrequently available (5). To overcome
this staffing deficit, many hospitalists have acquired skills
to provide these critical care needs. In some cases, the
hospitalist communicates with and coordinates care with
critical care physicians located elsewhere in the community
or within the health care system. In other models, “virtual”
ICU care is coordinated by remote physicians who monitor
patients electronically, review real time clinical data, per-
form remote clinical examinations, and visually observe
patients by video camera. The critical care physician then
communicates with the physician or nurse at the bedside
and assists with clinical decision-making. Early studies
support the premise that this model can help ensure the
availability of critical care support to patients who might
not otherwise have access to it (6).

ICU care requires participation by a variety of physi-
cians. Some are unit-based (the intensivists), whereas
some participate as primary care providers, hospitalists, or
consultants. In general, the ICU physician will facilitate
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TABLE 22.1
THE LEAPFROG STANDARDS FOR ICUsa

ICUs are managed or co-managed by intensivists who:
1. Are present during daytime hours
2. Provide clinical care exclusively in the ICU
3. When not in the ICU, can (at least 95% of the time):

a. Return ICU pages within 5 minutes, and
b. Arrange for a FCCS-certified non-physician effector to reach

patients within 5 minutes
In addition, partial credit is given to ICUs that do not meet 1–3,
but in which:
4. Intensivists lead daily, multidisciplinary rounds or make

admission and discharge decisions on weekdays
5. “Teleintensivist” coverage (6) is used

FCCS � Fundamental Critical Care Support course
a www.leapfroggroup.org. Accessed January 10, 2005.
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coordination of care, although in some settings either the
hospitalist or the primary provider will serve in that role.
This coordinated model of care (i.e., intensivist and hospi-
talist) can not only improve management in the ICU, but
also foster care throughout the hospital stay and facilitate
transition of the patient from the ICU to other settings
(transitional care, extended care, skilled nursing care).

In addition to physicians, the ICU must have a nurse
manager who is responsible for staffing and oversight of the
nurses and ancillary personnel. The medical director and
nurse manager share responsibility for developing poli-
cies and procedures and establishing a quality-assurance
program to ensure that care is delivered within accepted
standards. As requested by regulatory agencies such as the
Joint Commission for Accreditation of Healthcare Organi-
zations (JCAHO), the unit should also have written policies
and procedures for all aspects of care, including admission and
discharge criteria and authority, triage procedures, clinical
management procedures, and disaster planning. Because
the care provided within the ICU is part of a continuum of
care, the quality-assurance activities should be integrated
with institutional quality-assurance or quality-improve-
ment programs (see also Chaper 12). The ICU staff should
define mechanisms to monitor patient care activity, define
the standards of care provided to patients within the ICU,
and determine if care is below the standard.

Quality improvement initiatives are most easily inte-
grated into ICUs with a uniform patient population that
requires common clinical services. By comparison, multi-
disciplinary critical care units, which provide care to a
wider spectrum of patients, require more complex quality-
assessment methods to address the needs of varying patient
populations and to assure that the staff has the skills
necessary to care for these patients. Nonetheless, these
activities are essential if care is to be safe and consistent
with the current knowledge.

Quality improvement activities must respond to changes
in clinical management and institution of new therapeutic
approaches. For example, the introduction of continuous
renal replacement therapies has significantly influenced
fluid and electrolyte management for some critically ill pa-
tients. Reengineering efforts designed to reduce the use of
laboratory tests, alter the timing for institution of hyperali-
mentation, or modify other therapeutic interventions must
account for these changes in clinical management.

Because of the interdependent nature of ICU care, all
physicians and other key providers must participate in
quality improvement and reengineering efforts. For exam-
ple, the institution of clinical protocols that allow the nurse
or respiratory therapist to manage patients more directly
can be very effective and appropriate (7, 8). However, these
protocols change how and when the providers communi-
cate, and modify the roles and responsibilities of the
physicians. Similarly, a decision to change the nursing skill
mix can be made only after careful consideration of the
impact of the change on physicians’ expectations and

interactions. Without this interdisciplinary approach to
solving problems, attempts to refine practice will fail, and
patient care will suffer.

Morbidity and mortality review is also an essential eval-
uative tool to assess the quality of care and the outcomes
associated with ICU care. Traditional morbidity and mor-
tality reviews typically are conducted on a departmental
basis, with evaluation of isolated adverse events. For ICU
patients, multidisciplinary morbidity and mortality reviews
should include the participation of providers from all de-
partments involved in patient care. The goal of the review
is twofold: (1) to assess whether the delivered care was
appropriate and (2) to determine if the approaches to care
should be modified to improve care for future patients.

The “Open” vs. “Closed” Models of Care: An
Arbitrary Distinction

In terms of the roles of physicians, an ICU can be “open” or
“closed.” In an open unit, the patient has a primary admit-
ting physician who will manage and coordinate care in
both the ICU and elsewhere in the hospital before and/or
after their stay. This physician may be the patient’s outpa-
tient physician, a hospitalist, or a surgeon who performed
a procedure. A patient’s care may also be transferred to a
hospitalist at the time of ICU admission, such as when a
surgical patient suffers postoperative complications. In
either case, in an open ICU, the primary hospital physician
continues to coordinate the care of the patient after transfer
to the ICU and to serve as the legally responsible physician.
In this model, the ICU physicians and other physicians
become consultants to the primary provider. The extent of
involvement by the ICU physician varies from one unit to
another. In most open units, the ICU physician provides
emergency and resuscitative care and may be responsible
for airway management, ventilatory support, and emer-
gency care. The extent to which the ICU physician provides
more comprehensive care will depend on the skills and
availability of the primary physician. Although both the
primary care and ICU physicians participate in clinical
decision-making, primary responsibility stays with the
patient’s admitting physician rather than with the ICU
consultant (see also Chapter 28).

In the “closed” ICU model, the primary responsibility
for the patient’s ICU care is assumed by the ICU physician.
In this model, ICU physicians are immediately available,
often because they are continuously present within the
ICU. In closed ICU models, neither the patient’s outpatient
physician nor any other physician involved (such as a hos-
pitalist or surgeon) makes minute-to-minute clinical deci-
sions or writes routine orders.

The differences between the open and closed models are
not as obvious as they might seem. Because of the
complexity of ICU care and the diverse clinical needs of
ICU patients, care must be coordinated. All physicians who
have knowledge of the patient’s clinical condition (both
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acute and chronic) should participate in decision-making,
even if the ultimate authority for writing orders and mak-
ing clinical plans rests with one of them, as it must.

Both open and closed models can be successful, but the
closed unit has been demonstrated to improve patient care
outcomes, and optimize the utilization of resources (3, 9).
However, it should be noted that the outcome studies com-
paring open with closed models were in hospitals in which
open models used primary care physicians or traditional
(non-hospitalist) ward attendings. To date, there are no
studies comparing open model ICUs using hospitalists
with closed ICUs, nor studies comparing hybrid models in
which intensivists and hospitalists share management re-
sponsibilities for patients. Future research in this area will
be vitally important (see also Chapter 1).

Whichever model is employed, the key component to
providing optimal patient care is ongoing communication
among all providers, including critical care physicians,
consultants, hospital-based physicians, and the primary
care physician. With an ongoing dialogue, all aspects of
patient care can be addressed, longstanding relationships
with the patient can be maintained, and the transfer of
care into and out of the ICU can be achieved without
compromising quality.

Key Roles for Non-Physician Staff in the ICU

In addition to physician staffing needs, the ICU requires
trained nursing staff, respiratory therapists, and ancillary
staff. In some units, only registered nurses are used; in
others, the staff includes a combination of registered nurses
and licensed vocational nurses. The nurse-to-patient ratio
in most ICU settings is either 1:1 or 1:2. Some states man-
date ICU nurse-to-patient ratios and the skill mix. In all
cases, however, the ratio is dependent on clinical needs and
the extent to which ancillary personnel can assume some
responsibilities of care.

Staffing patterns have a major impact on the roles and
responsibilities of the physicians caring for ICU patients.
For example, an experienced ICU nurse often is able to
anticipate problems before they occur and notify the physi-
cian of subtle changes in the patient’s condition. Less
skilled personnel may be able to help treat complications
when they occur, but be less adept at anticipating them.
The relationships among the physicians and the other staff
members depend on an understanding of the clinical capa-
bilities and experience of each provider, and a clear delin-
eation of responsibilities.

Other providers are also key to the care of the ICU
patient. For example, skilled respiratory therapists can
provide a number of diagnostic and therapeutic interven-
tions that can reduce costs, morbidity, and length of
ICU stay. Intensive respiratory care, including continuous
monitoring of pulmonary function and gas exchange,
has allowed early recognition of respiratory failure and
rapid institution of interventions (e.g., bronchodilators)

to prevent it. Alternative lung-expansion therapies, includ-
ing positive expiratory pressure therapy and noninvasive
ventilation, also can be provided. In many cases, the
expertise of respiratory therapists can prevent the need
for tracheal intubation and prolonged mechanical ventila-
tory support. As ventilator technology has become more
sophisticated, the respiratory therapist also often is able
to help determine the best mode of ventilation to optimize
gas exchange and minimize the complications of positive
pressure ventilation.

Emergent airway management is an essential compo-
nent of ICU care. In most hospitals, tracheal intubation is
the responsibility of anesthesiologists, critical care physi-
cians, or emergency-medicine physicians. For hospitals
that do not have in-hospital physicians, airway manage-
ment is usually the responsibility of the respiratory care
staff. The physician caring for the ICU patient should un-
derstand who is available to provide emergency airway
management, their level of skill and experience, and which
additional personnel are available to assist if tracheal intu-
bation is difficult or impossible, and if tracheostomy or
emergency cricothyroidotomy is necessary.

Physical and rehabilitative therapists, social workers,
clinical nurse specialists, pharmacists, and case managers
also can significantly improve patient care (see also Chap-
ter 4). For example, the clinical nurse specialist can moni-
tor the quality of care delivered by the nursing staff and
teach new skills to improve patient care. Case managers of-
ten can help define the appropriate use of clinical resources
and facilitate the disposition of the patient when ICU care
is no longer required. The physician caring for the ICU
patient should interact regularly with these providers and
be aware of their skills and experience to maximize the ben-
efit from ICU care and, if appropriate, identify alternatives
to the ICU. Most importantly, in all of these examples, the
development of clinical protocols that guide management
and allow appropriate staff to modify care without waiting
for a physician’s order will not only minimize delays in
care, but also improve care and reduce costs (10).

CARE OF THE CRITICALLY ILL PATIENT

Indications for ICU Admission

New technologies and transitional or intermediate care
units have influenced the indications for ICU admission. In
some hospitals, services previously restricted to the ICU are
now available in other units within the hospital. Further-
more, the indications for ICU admission vary from one
institution to another, and often vary from one ICU to an-
other within a hospital. Although the value of the ICU care
has traditionally been to optimize nursing care, the need to
provide care in an ICU environment is now broader.

With improved understanding of the pathophysiologic
mechanisms of critical illness and increased technologic

166 Section II: Critical Care Medicine

26410 ch 022  3/11/05  4:41 PM  Page 166



capabilities to diagnose and treat complex medical prob-
lems, the indications for ICU admission (see Table 22.2)
include the need for care by specially trained critical
care physicians. Timely observation and assessment for
impending clinical problems, rather than just treating the
problems that have already occurred, has been an increas-
ingly important goal of ICU care.

ICU care is ultimately required for a number of specific
clinical indications. For example, patients in need of me-
chanical ventilatory support for acute respiratory failure
require ICU admission. Patients with severe respiratory
failure who are not receiving mechanical ventilation also
benefit from ICU care, because intensive respiratory care
can often prevent progression and avoid the need for tra-
cheal intubation and mechanical ventilation. Respiratory
monitoring in the ICU also can more rapidly identify clin-
ical changes that require intervention. In many cases, a care

plan to support the patient with respiratory failure can be
initiated in the ICU setting and implemented after transfer
from the ICU. Similarly, patients who require invasive
hemodynamic monitoring, including arterial lines or pul-
monary artery catheters, will generally be managed in an
ICU environment capable of providing not only the moni-
tors, but also the staff to interpret the data generated from
them and the interventions warranted by that data.

The ICU also remains the preferred location in which to
initiate pharmacologic cardiovascular support, including
inotropic agents, vasopressors, and intravenous vasodila-
tors. Once a patient is stabilized in an ICU, alternatives to
ICU care are available in some hospitals for patients who
require continued vasopressor or inotropic therapy but are
otherwise stable, without hypotension or arrhythmias.
Patients who require invasive therapeutic support, includ-
ing intraaortic balloon counterpulsation (IABP), a ventric-
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TABLE 22.2
SOME COMMON INDICATIONS FOR ICU ADMISSION

Acute myocardial infarction
Pericardial tamponade
Cardiogenic pulmonary edema
Hemodynamic instability

Hypotension, unresponsive to moderate fluid resuscitation or 
necessitating vasopressor or inotropic therapy

Hypertensive crisis
Arrhythmias

Supraventricular arrhythmias associated with hemodynamic 
instability

Ventricular arrhythmias
Eclampsia, preeclampsia
Pulmonary disorders

Compromised gas exchange with superimposed hemodynamic 
instability

Acute noncompensated respiratory acidosis
Hypoxemia, necessitating high flow oxygen therapy
Respiratory failure necessitating mechanical ventilatory support
Noncardiogenic pulmonary edema, acute respiratory distress 

syndrome
Neurologic disorders

Acute stroke
Neurologic deficit associated with increased intracranial pressure
Intracerebral aneurysm with acute bleed
Acute subarachnoid blood
Severe traumatic brain injury with Glascow Coma Scale �9
Unstable cervical spinal cord injury
Neuromuscular disease with compromised respiratory status
External ventricular drainage system
Status epilepticus

Renal dysfunction
Acute renal failure necessitating continuous renal replacement 

therapy
Life-threatening electrolyte abnormalities
Metabolic disorder with compromised airway

Gastrointestinal disorders
Hemorrhage associated with hypotension unresponsive to fluid 

resuscitation

Acute pancreatitis associated with hemodynamic instability
Liver failure complicated by encephalopathy, renal failure, 

electrolyte imbalance
Hematologic disorders

Bleeding disorders necessitating transfusion of large amounts of 
blood and clotting factors

Acute leukemia complicated by airway compromise, septic shock, 
respiratory failure

Infectious disease
Sepsis and septic shock associated with hypotension, hemody- 

namic instability
Endocrine diseases

Diabetic ketoacidosis with hemodynamic instability
Hyperosmolar coma
Thyrotoxicosis associated with hemodynamic instability
Severe myxedema
Diabetes insipidus associated with severe fluid and electrolyte 

abnormalities
Marked hypothermia

Drug ingestion, overdose
Any overdose or ingestion associated with inability to protect 

airway
Ingestion of a drug associated with arrhythmias or hemodynamic 

instability
Postoperative patients

Hemodynamic instability, excessive bleeding or coagulopathy 
following major surgical procedure

Postoperative patient requiring mechanical ventilatory support, 
vasopressor or inotropic therapy

Perioperative myocardial infarction necessitating hemodynamic 
monitoring or infusion of vasoactive drugs

Miscellaneous
Severe hypothermia associated with electrocardiographic 

changes
Patients at very high risk for airway compromise, respiratory 

failure, sepsis
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ular-assist device (VAD), and extracorporeal membrane
oxygenation (ECMO), must be cared for in the ICU. The
use of continuous renal replacement therapies (CRRT),
such as continuous venovenous hemofiltration, also re-
quires ICU care.

The goal of ICU care, whenever possible, should be to de-
tect potential problems before they occur. In many respects,
the most appropriate patients for admission to the ICU are
those for whom complications can be avoided by providing
greater nursing care or more extensive monitoring. Patients
requiring continuous respiratory, cardiovascular, or neuro-
logic monitoring, intensive nursing care, or closer physician
observation often can be managed most effectively in an
ICU environment. Unfortunately, the justification for ICU
admission for these patients is difficult to document, par-
ticularly if the ICU care has prevented the clinical problems
from occurring. Many payors (and occasionally hospital
administrators) cannot understand why ICU care was
necessary if no specific intervention was required. As cost-
saving strategies mandate a shift of care to less sophisticated
environments, outcome studies are needed to demonstrate
which patients benefit from ICU care and which clinical
services can be provided in alternative sites.

The need for ICU care is also influenced by the avail-
ability of transitional or intermediate care units and the ca-
pabilities of the other nursing units. In some hospitals, a
transitional care unit can provide much of the equipment
and clinical capability traditionally delivered in an ICU, es-
pecially monitoring to prevent complications or begin to
treat them rapidly, if they occur. Using criteria specific to
the patient population in the hospital, clinicians can de-
velop strategies for providing graded critical care services
that maintain or improve the level of care, while reducing
overall costs (11). Some hospitals have increased the nurse-
to-patient ratio, added other staff, or modified the skills of
the existing staff to expand the clinical capabilities on acute
care nursing units so that patients who previously required
an ICU can be cared for in a less-intensive environment.
For example, cardiac telemetry systems have allowed acute
care units to monitor patients at risk for arrhythmias,
thereby reducing the need for traditional coronary care unit
beds except in the highest risk patients. The use of infusion
pumps with fail-safe systems have allowed acute care units
to provide safe, continuous infusions of drugs such as
dopamine and dobutamine, thereby eliminating the need
for transfer to the ICU. Telemetric pulse oximetry and pag-
ing devices that notify nursing staff of changes in a patient’s
condition also allow patients to be “observed” indirectly in
traditional acute care nursing units.

Non-ICU facilities also have been developed for patients
who are “chronically critically ill” and no longer need the
skills and immediate access to critical care providers. For
example, the patient who requires long-term ventilatory
support can be transferred to a unit or a facility that
specializes in the care of ventilator-dependent patients.
These settings not only address the specific clinical needs of

the patient, but also generally have better rehabilitative
and supportive capabilities to facilitate weaning from
mechanical ventilation. Although these more focused clin-
ical facilities are valuable additions, access to them varies
considerably from one community to another. Physicians
caring for critically ill patients should become familiar with
these alternatives as well as with the requirements of
payors, many of whom limit their reimbursement when
patients transition from one unit to another or enter long-
term ventilator care facilities.

Coordinating Clinical Management in the
Intensive Care Unit

The management of the critically ill patient mandates a
thorough understanding of the clinical problems, manage-
ment options, and goals of therapy. Critical care manage-
ment frequently requires rapid evaluation of key issues
followed by intervention for life-threatening problems
before a complete assessment of all underlying medical
problems can be accomplished. For example, the causes of
septic shock are numerous (see Chapter 26). The patient
who is suspected of having pneumonia as the cause of
sepsis may require tracheal intubation and institution of
mechanical ventilation to improve oxygenation or main-
tain ventilation to prevent acidemia. For these patients,
cultures should be obtained as soon as possible, and broad-
spectrum antibiotics should be administered. Once culture
results are available, antibiotic management can be more
carefully tailored to the specific organisms. Conversely, if
the cause for sepsis appears to be an abscess, a drainage
procedure might be required at the same time that antibi-
otics are administered. In other situations, the cause may
be unclear, and treatment may be more empiric while
diagnostic efforts progress. The inability to provide appro-
priate intervention quickly can result in further clinical
deterioration and development of multisystem failure that
requires greater levels of ICU support and increases the
likelihood of poor outcome.

The management of the acutely ill patient also often re-
quires that emergent problems be addressed before the
physician understands the underlying medical conditions
that might influence long-term decision-making or a pa-
tient’s pre-specified wishes that might affect management.
For example, the patient with a terminal illness who has
been receiving palliative care may present in acute distress
requiring ventilatory support because of respiratory failure.
If no prior information is available about the patient’s un-
derlying condition, resuscitative efforts should be initiated.
If it subsequently becomes clear that continued ICU care is
not appropriate, further care can be withheld or care can be
withdrawn after discussion with the patient, the patient’s
family, surrogate decision-makers, and the physician staff
(see Chapter 19).

Although chronic medical conditions often are not ad-
dressed directly during the management of life-threatening
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problems, management strategies for the acute problem
frequently mandate a thorough knowledge of the
underlying medical condition. For instance, the patient
with underlying chronic obstructive pulmonary disease
(COPD) and hypercapnia may present with acute respira-
tory failure (see Chapter 55). It is essential for the physician
to understand the degree of underlying gas-exchange ab-
normalities and the degree of respiratory reserve (as evi-
denced by baseline arterial blood-gas measurements and
pulmonary function studies) to determine the most appro-
priate approach to ventilatory management. For example,
in some patients with infection or heart failure, noninva-
sive ventilation provides sufficient support to allow stabi-
lization and treatment of acute respiratory compromise,
and permit the patient to avoid tracheal intubation and
prolonged ventilatory support. In other cases, ventilatory
management may be dictated by the degree of metabolic
compensation for respiratory acidosis. If the patient has a
significant compensatory metabolic alkalosis, initial venti-
lator management should provide a relatively lower
minute ventilation, adjusted to correct the pH toward nor-
mal, not toward normalizing the partial arterial carbon
dioxide pressure. Conversely, if the patient presents with a
metabolic and respiratory acidosis, ventilatory manage-
ment should be aimed at normalizing the pH. Hemody-
namic support may be required to improve myocardial
function, pulmonary perfusion, and oxygen delivery.

To optimize care within the ICU, professional societies
have developed practice guidelines to define management
strategies and ensure that care is based on evidence about
appropriateness and outcome. Protocols for ventilatory
management, weaning, sedation, analgesia, insulin infu-
sions, and antibiotics are now commonly used (see Chap-
ter 23). These protocols are most effectively implemented if
they have been developed collaboratively with physicians
who participate in the care of ICU patients, knowledgeable
consultants, nurses, respiratory therapists, and pharma-
cists. Although some clinicians have expressed concerns
that such protocols undermine their clinical judgment and
decision-making, protocols can facilitate patient care and
optimize the patient–physician relationship. The protocols
must undergo regular review and revision, however, so that
they are always based on the most current evidence about
clinical management (see Chapter 13).

The optimal model for coordinating care depends on
the capabilities and experience of the providers and the
organization of the ICU. For example, the ICU physician
typically is most knowledgeable about the patient’s acute
needs, including the need for invasive or noninvasive mon-
itoring, airway protection, and mechanical ventilatory
support, and is best able to facilitate care by respiratory
therapists, case managers, and clinical specialists. Depend-
ing on skills, training, and availability, the intensivist or
hospitalist may most effectively coordinate the care pro-
vided by consultants and evaluate the need for other
interventions, such as circulatory-assistance devices, renal

replacement therapies, and so forth. The hospitalist should
participate in the decision to admit the patient to the ICU,
remain actively involved in clinical decision-making, and
manage the transition of care into and out of the ICU. The
primary care provider usually has a longstanding relation-
ship with the patient and is knowledgeable about the
patient’s underlying medical problems, goals for therapy,
and important social issues.

The specific roles for the critical care physician and the
hospitalist are changing as more critical care services are
provided outside of the ICU. The creation of transitional or
intermediate care units, expansion of clinical capabilities in
other acute care nursing units, and the creation of units to
care for chronically critically ill patients have expanded the
role for physicians who understand how to treat severely ill
patients, prevent deterioration in patients who require
monitoring, and help patients transition to less intensive
settings. The critical care physician is a valuable resource
both for the patient and the hospitalist in defining what
care is required throughout the patient’s hospitalization,
where it can be most effectively provided, and when trans-
fer to or from the ICU is appropriate. For some patients,
either the hospitalist or the intensivist may be the most
appropriate clinician to coordinate care throughout the
patient’s hospitalization.

ASSESSING AND ENSURING QUALITY
OF CARE IN THE ICU

Evidence-Based Care in the ICU

Clinical medicine has undergone an evolution from
primarily experientially based clinical decision-making to
evidence-based practice (Chapter 8). Many of the evidence-
based practices that are used to optimize perioperative care
or medical management of diabetes, hypertension, coro-
nary artery disease, and other conditions, are applicable to
the ICU patient and critical care setting. For many patients,
the development of evidence-based protocols to facilitate
clinical management have been implemented hospital-
wide, including in the ICU setting. For example, the use
of �-blockers to reduce the incidence of postoperative my-
ocardial ischemia is common in patients requiring postop-
erative monitoring or ICU care. In some cases, protocols
have to be modified or their implementation delayed due
to underlying conditions or acute physiologic changes as-
sociated with the critical illness. In other cases, the early ini-
tiation of evidence-based practices in the ICU setting have
been demonstrated to reduce ICU length of stay and im-
prove outcome.

Some examples of evidence-based practices that are now
becoming commonly applied in the ICU setting include:
respiratory care strategies to reduce ventilator-associated
pneumonia, patient positioning and management strate-
gies to reduce the risk of aspiration, prophylaxis of peptic
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ulcer disease, anticoagulation and other interventions to
minimize the risk of deep vein thrombosis in the bed-rid-
den patient, transfusion therapy, strategies to expedite
weaning from ventilators and reduce days of mechanical
ventilation, strategies to reduce the risk of ventilator-asso-
ciated pulmonary complications, and tight control of
blood sugar in diabetic patients. Initiation of early feeding
in both medical and surgical patients improves outcome by
reducing muscle wasting and shortening rehabilitation.
The administration of activated protein C to the patient
with early sepsis reduces mortality (see Chapter 26) (12).
In many situations, the primary care physician and surgeon
may not be aware of the evidence upon which the practices
are based; the intensivist and hospitalist have key roles in
ensuring the use of practices that have been proven to
reduce morbidity and mortality.

As evidence-based practices find their way to the ICU
setting, the continuous evaluation of the practices and
their applicability to the specific patient must be carefully
assessed. The impact of underlying diseases, recent surgery,
and other potential complicating factors must be taken into
account and may mandate that interventions must some-
times be delayed or modified to maximize their benefit
and minimize their risks. For example, if a patient has a
coagulopathy in the early postoperative period, the use of
anticoagulants might have to be delayed or their dose mod-
ified; for the septic patient, administration of activated
protein C may have to be delayed for 12 to 24 hours
because of the risk of bleeding. The upright positioning of
the patient with severe acute respiratory distress syndrome
(ARDS) may not be possible due to worseing hypoxemia or
dead space ventilation. In these cases, even though the evi-
dence-based practices may be temporarily delayed, the pa-
tient should be carefully and continuously assessed so evi-
dence-based protocols can be initiated as soon as possible.

Assessing Outcomes in the ICU: Role for ICU
Scoring Systems

A number of scoring systems have been developed to guide
management in the ICU, to evaluate resource utilization,
and to assess potential outcomes of care. For example, the
Glascow Coma Scale (see Table 117.1) assesses the degree of
neurologic injury and is often used to estimate the potential
for recovery in patients admitted to the ICU with altered neu-
rologic status. The Ranson criteria (Table 86.3) stratify phys-
iologic abnormalities and prognosis associated with acute
pancreatitis. Unfortunately, many of these scoring systems
were developed prior to advances in clinical management, so
their current prognostic value is less clear.

Resource utilization, as a measure of severity of illness,
in the ICU can be measured using the Therapeutic Inter-
vention Scoring System (TISS) (Table 22.3). The TISS also
can be used to estimate the need for nursing time and the
costs of care.

A number of other scoring systems can help compare pa-
tients across ICUs or predict outcome of ICU care. Some
scoring systems are specific to a single disease or patient
population, such as the sequential organ failure assessment
(SOFA), whereas others are designed to assess issues such
as the level of sedation or pain (13).

The most widely used scoring system is probably
the Acute Physiology and Chronic Health Evaluation
(APACHE) system (Table 22.4), which considers both the
acute physiologic perturbation of critical illness as well as
underlying chronic health abnormalities that might influ-
ence outcome. The most recent version (APACHE III) has
been used to provide benchmarking comparisons among
ICUs and to stratify patients for clinical trials. Although less
complicated approaches, including the Simplified Acute
Physiology Score (SAPS) and the Mortality Probability
Model (MPM), have been developed, APACHE remains the
most widely-used method for assessing severity and esti-
mating prognosis.

As valuable as these systems may be, it is important to
note that none of them can be relied upon to define which
individual patient will survive, nor to estimate their quality
of life after ICU care.

Transitioning Care

Once a patient has stabilized, the critical illness is
controlled, and ICU care is no longer required, an alterna-
tive site for care must be identified. Because of the varying
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TABLE 22.3
THERAPEUTIC INTERVENTION SCORING
SYSTEM (TISS)

4 points
Pulmonary-artery catheter
Intraaortic balloon pump
Controlled mechanical ventilation (� positive end-expiratory

pressure)
Vasoactive drug therapy (�1 drug)

3 points
Chest tube
Continuous positive airway pressure
Intermittent mandatory or assisted ventilation
Arterial catheter

2 points
Central venous pressure
Two peripheral intravenous catheters
Spontaneous ventilation via endotracheal tube or tracheostomy
Multiple dressing changes

1 point
Electrocardiographic monitoring
One peripheral intravenous catheter
Routine dressing changes
Urinary catheter

Adapted from Keene AR, Cullen DJ. Therapeutic Intervention Scoring
System: Update, 1983. Crit Care Med 1983;11:1–3; with permission.
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clinical needs, different alternative care sites within each
community, waiting lists, and differing payor require-
ments, discharge planning and identification of disposi-
tion options should begin at the time of ICU admission,
when goals for ICU care should be clarified and the criteria
for transfer outlined. A case manager or social worker
should be actively involved in discussions about the
patient’s continued clinical needs and should provide in-
put into alternatives for further care. Goals should be rede-
fined and shared among members of the care team each
day (14). For example, if a patient requires ICU admission
for ventilatory support for acute respiratory failure and has
a high likelihood to need prolonged mechanical ventila-
tory support, alternative clinical sites capable of providing

the required care should be identified early in the patient’s
ICU course. By working closely with the staff of the alter-
native site, care can be coordinated to ensure that the pa-
tient is ready for transfer as soon as clinical needs change.
If necessary, a tracheostomy and placement of a permanent
feeding-tube can be done early enough in the ICU course to
prevent a delay in transfer. It is often valuable to allow fam-
ilies an opportunity to visit the facility and participate in
planning for transfer.

Addressing Ethical Dilemmas in Intensive
Care Management

The increase in clinical capabilities in the hospital in general
and the ICU specifically has created many new challenges for
physicians caring for critically ill patients. The nature of crit-
ical care medicine is to pursue clinical problems aggressively,
to address them rapidly, and to resolve them. Many patients,
however, now survive for extended periods of time, requir-
ing extensive and aggressive medical management, often
with little or no likelihood of meaningful recovery. The pa-
tient may “stabilize” but require such extensive care that
transition out of an ICU setting becomes difficult. For other
patients, the outcome of ICU care is unacceptable, despite
initial interventions that were appropriate and timely. In
these situations, ICU care, or sometimes any continued med-
ical care, may no longer be appropriate or desired.

As a result, the providers who participate in the care of
the ICU patient will be confronted with questions such as
these: Should care be provided to the terminally ill patient?
When should care be continued for the patient who has
little or no likelihood of meaningful recovery, to what end
point, and at what cost? Who is the decision-maker for the
patient who cannot express her or his own wishes? If care is
to be withdrawn, how should it be done? All providers must
understand the needs and goals of the patient and family,
clarify the expectations of care, and deal with unanticipated
consequences. These issues are addressed in Chapter 17.

If and when a joint decision is made to limit care, the
clinicians must clarify how it will be limited and whether
some interventions will be withdrawn. From an ethical per-
spective, there is no distinction between withholding and
withdrawing care; for patients and families, however, the
former may be easier than the latter. When care is limited
or withdrawn, routine clinical needs must still be met, and
the comfort of the patient must be assured. Some ICU pa-
tients who have been receiving analgesics may require large
doses of opiates or other medications.

When a decision is made to limit care, the limitations
should be documented in the medical record. The discus-
sion with the patient and family should be recorded, and
the specific limitations defined in the orders. All providers
should be aware of which services will be provided and
which will not. If the clinical situation changes and the
plans require modification, the changes should similarly
be documented in the medical record.
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TABLE 22.4
THE ACUTE PHYSIOLOGY AND CHRONIC
HEALTH EVALUATION (APACHE III) SCORING
SYSTEM

Component Score

Acute physiology score
Pulse rate 0–17
Mean blood pressure 0–23
Temperature 0–20
Respiratory rate 0–18
PaO2 0–15
P (A-a)O2 0–14
Hematocrit 0–3
White blood cell count 0–19
Creatinine 0–10
Urine output 0–15
Blood urea nitrogen 0–12
Sodium 0–4
Albumin 0–11
Bilirubin 0–16
Glucose 0–9
Acid–base status 0–12
Neurologic status 0–48

Age �44 0
45–59 5
60–64 11
65–69 13
70–74 16
75–84 17
�85 24

Comorbid conditiona

AIDS 23
Hepatic failure 16
Lymphoma 13
Metastatic cancer 11
Leukemia/multiple myleoma 10
Immunosuppression 10
Cirrhosis 4

a Comorbidity is excluded for elective surgery patients.
PaO2, arterial partial pressure of oxygen; P(A-a)O2, alveolar arterial
gradient in the partial pressure of oxygen.
Adapted from Knaus WA, Wagner DP, Draper EA, et al. The APACHE
III prognostic system: risk prediction of hospital mortality for critically
ill hospitalized adults. Chest 1991;100:1619–1636, with permission.
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CONCLUSIONS

As the complexity of inpatient care increases, a large
percentage of inpatients now receive care in a critical care,
or other monitored, environment sometime during their
hospital stay. Regardless of whether the ICU is a specialized
or general unit, or whether it is open or closed, the safe and
appropriate care of the patient necessitates a multidisci-
plinary, coordinated, and integrated approach to manage-
ment. Each provider brings different and often important
skills, knowledge, and capabilities to the management of
the patient. The hospitalist is an integral member of this
team, often leading the team in smaller hospitals (without
critical care physicians) and participating in decision-
making and the transition of the patient from the ICU to
other less intensive clinical environments in all intensive
care settings.

KEY POINTS

■ Both medical and surgical inpatient care is concentrating
in critical care environments, necessitating that all
hospital-based providers understand the reasons for
ICU admission, the capabilities for care within the
ICU, and the most effective ways of managing critically
ill patients.

■ The administrative and clinical models for the ICU vary
among hospitals and within a single hospital based on a
number of factors, including availability of critical care
physicians, patients’ needs, and adminstrative organiza-
tional factors. ICUs can be managed as either open and
closed units, but coordination of care among a variety of
providers is essential in either model.

■ The clinical capabilities and skills of providers vary both
within and among hospitals. Decisions about a patient’s
location must be based on an understanding of the
patient’s needs and the capabilities of various units in
each hospital.

■ Because of the complexity and diversity of clinical
needs for ICU patients, care is optimized if it is care-
fully coordinated among the primary care physician,
the ICU physician, and consultants. Protocols that
define evidence-based practices and ensure standardiza-
tion of clinical management reduce morbidity and
mortality.

■ Since the ICU represents only part of the overall hospital
course and care for the critically ill patient, disposition
planning should be initiated at the time of admission
to the ICU to define long-term needs, desired out-
comes of care, and plans for transition to less intensive
environments.
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Ventilator Management
Stephen E. Lapinsky Arthur S. Slutsky

OBJECTIVES OF MECHANICAL
VENTILATION

Mechanical ventilation is a life-saving intervention neces-
sary for the management of respiratory failure complicated
by severe hypoxemia or marked hypercapnia. Ventilatory
support may result in significant complications, and an im-
portant goal should be to minimize or prevent these ad-
verse effects. The first issue to be addressed is whether ven-
tilatory assistance is required and whether intubation is
necessary. In many situations in which the patient has se-
vere hypoxemia or cannot protect his or her airway, the de-
cision may be straightforward. However, in some situations
the decision requires clinical judgment in which the risks of
endotracheal intubation and ventilatory support are
weighed against the hazards of not ventilating the patient.
Increasing evidence justifies the use of noninvasive ventila-
tion in the cooperative patient.

A major function of ventilatory support is to improve
alveolar ventilation. In the patient with hypoventilation,
mechanical ventilation corrects hypercapnia and respira-
tory acidosis. Although the usual goal is to normalize the
arterial partial pressure of carbon dioxide (PaCO2) and pH,
in some situations a PaCO2 level higher than normal may
be accepted, particularly if high ventilation pressures are re-
quired. In the management of severe hypoxemia, ventila-
tion improves oxygenation by the effect of positive pressure
on lung volumes and alveolar recruitment, as well as by the
ability to deliver a high inspired oxygen fraction. Mechani-
cal ventilation is used to unload the respiratory muscles—
an important goal because oxygen consumption by these
muscles may account for up to 50% of total oxygen con-
sumption in the patient with acute respiratory failure. This
unloading is of particular benefit in the patient with acute
myocardial ischemia or reduced oxygen delivery.

BASIC PRINCIPLES

Classification of Ventilators

Ventilation may be achieved by the delivery of either a pre-
determined volume or pressure to the lungs, on a regular or
a demand basis. With volume-controlled ventilation, a preset
tidal volume is delivered. As a safety feature, a pressure
limit is set, which if reached causes pressure to be released
and a ventilator alarm to sound. Pressure-preset ventilation
differs from volume-controlled ventilation in that a level of
airway pressure is preset; with this mode, the delivered tidal
volume is determined by pulmonary mechanics. For exam-
ple, a decrease in thoracic compliance results in a propor-
tional decrease in tidal volume. The duration of delivery of
the pressure is set as an inspiratory time or as an inspira-
tory:expiratory ratio and respiratory rate.

Ventilatory Modes

Controlled ventilation, which is the most basic mode of venti-
latory support, provides a set tidal volume and rate regard-
less of the patient’s effort or requirements (Table 23.1). A
major disadvantage of this mode is the asynchrony that can
occur between the patient’s spontaneous efforts and the ven-
tilator-generated breaths. Assisted modes are triggered by the
patient’s respiratory efforts and are used to synchronize the
patient and the ventilator. In the assist-control mode, every
patient breath is supported by the ventilator. A minimum
rate is set, effectively providing controlled ventilation in the
absence of the patient’s efforts. This mode is used with
volume-preset or pressure-preset ventilation. A disadvantage
is that in patients with very high respiratory drives and
obstructive airways disease, high minute volumes can
produce respiratory alkalosis and/or worsen air trapping.

23
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Synchronized intermittent mandatory ventilation (SIMV)
combines a preset ventilator rate with spontaneous breath-
ing. As in assist-control modes, the ventilator breaths are
patient-triggered and therefore synchronized but are
mandatory in the absence of patient effort. However, pa-
tient breaths in excess of the preset rate do not receive ven-
tilatory assistance (Figure 23.1). Spontaneous breaths in
this mode may require significant patient work because of
high circuit or demand-valve resistance. This mode, which
has the advantage of allowing the patient to perform a vari-
able amount of respiratory work with the security of a
backup rate, also can be used for weaning patients from
ventilatory support. SIMV may be performed using vol-
ume- or pressure-preset ventilation.

Pressure-support ventilation (PSV) is a pressure-preset,
flow-cycled mode in which ventilatory support assists all
spontaneous efforts. The delivered pressure is triggered by
the patient and is maintained until a specific decrease in
inspiratory flow occurs. With PSV, the patient determines
both respiratory frequency and inspiratory time, with tidal
volume being a function of the set level of pressure, patient
effort, and pulmonary mechanics. If appropriately set, this
mode may reduce asynchrony and optimize patient control
over ventilation. In some patients with severe airways ob-
struction, however, PSV may lead to patient-ventilator
asynchrony, especially at high levels of pressure support.
The ability to decrease ventilator support from high pres-
sure to near zero also makes this a useful and effective
weaning mode. This mode requires spontaneous respira-
tory efforts and does not guarantee a minimum tidal vol-
ume; an apnea backup capability is therefore necessary.

Ventilator Settings

The respiratory rate may be a function of the ventilator set-
ting, spontaneous breathing, or both, depending on the
mode. Synchronization of spontaneous breaths with venti-
lator breaths is achieved by having the ventilator breath
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TABLE 23.1
CLASSIFICATION OF MECHANICAL VENTILATION

Synchronized intermittent
Controlled Assist-control mandatory ventilation Support

Pressure or volume preseta Pressure or volume preseta Usually volume preseta Usually pressure preseta

Use in the paralyzed patient Use as an initial ventilatory Use in spontaneously Use only in spontaneously 
mode breathing patient breathing patient with 

adequate respiratory drive
Patient receives mandatory Patient receives mandatory Patient receives mandatory Patient receives no mandatory 

preset ventilator rate preset ventilator rate preset ventilator rate ventilator rate
All breaths are ventilator-initiated Spontaneous breaths are Spontaneous breaths are All spontaneous breaths are 

all ventilator-assisted not ventilator-assisted ventilator-assisted
No spontaneous breathing possible Can be used as a weaning mode Can be used as a weaning mode

aPressure-preset ventilation: inspiratory pressure level is set on the ventilator, volume is monitored; volume-preset ventilation: tidal volume and flow
rate are set on the ventilator, inspiratory pressures are monitored.

0

0

0

0

0

0

E

E

E

Assisted Spontaneous

E

E

PEEP:

Figure 23.1 Airway pressure tracings during spontaneous
respiration and various modes of mechanical ventilation. In the as-
sist-control and pressure-control profiles, the first two breaths are
triggered, but the third breath is controlled because no sponta-
neous effort has occurred. During synchronized intermittent
mandatory ventilation (SIMV), spontaneous breathing occurs be-
tween ventilator breaths. The pressure-support tracing demon-
strates some variation in duration of the inspiratory phase because
of flow cycling, compared with the fixed inspiratory period of the
time-cycled pressure-control mode. CPAP, continuous positive air-
way pressure; E, expiratory phase; I, inspiratory phase; PEEP,
positive end-expiratory pressure. (Adapted from Lapinsky SE,
Slutsky AS. Principles of mechanical ventilation and weaning. In:
Dantzker DR, Scharf SM, eds. Cardiopulmonary Critical Care, 3rd
ed. Philadelphia: W.B. Saunders, 1998;253, with permission.)

begin when the patient “triggers” the ventilator by generat-
ing a small change in airway pressure (e.g., �0.5 to �2 cm
H2O). Insensitive triggering systems may require signifi-
cant effort from the patient; an oversensitive system may
produce spontaneous ventilator cycling. The presence of
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residual positive alveolar pressure at the end of expiration
(auto-PEEP) may inhibit triggering; the patient must create
a negative pressure large enough to overcome this positive
alveolar pressure before the ventilator senses a change in
airway pressure. Flow triggering, using small changes in air-
way flow, is available on some ventilators and may be more
efficient, but clinical benefits have not been demonstrated.

The inspiratory flow rate and pattern of delivery must be
set during volume-controlled ventilation but are deter-
mined by patient effort and pulmonary mechanics with
pressure-preset modes. In the spontaneously breathing pa-
tient, the flow rate setting must match the patient’s peak in-
spiratory demands—usually about 40 to 100 L/min in the
adult patient. This inspiratory flow may be delivered in a
variety of flow patterns (square-wave, sine-wave, or decel-
erating flow), but no significant benefit has been demon-
strated for one flow pattern over another. A decelerating
ramp inspiratory flow has the potential advantage of limit-
ing peak pressure and optimizing mean airway pressure.

Inspiratory flow can be terminated by reaching a preset
volume (volume-control), time (pressure-control), or flow
rate (pressure-support). Volume cycling delivers the preset
tidal volume, but additional patient effort does not produce
further volume. Pressure-controlled ventilation utilizes
time cycling, in which the set airway pressure (and therefore
flow) is maintained for a preset inspiratory time. Additional
patient effort during this time allows increased tidal vol-
ume. Pressure-support ventilation is a preset pressure mode
utilizing flow cycling. Airway pressure is maintained until
inspiratory flow falls below a certain level (usually 25% of
the peak inspiratory flow). This approach increases patient
control over the delivered tidal volume and inspiratory time
and may improve patient–ventilator synchrony, but care
must be taken in patients with airway obstruction.

Maintaining a positive end-expiratory pressure (PEEP) is
thought to be useful to minimize ventilator-induced lung
injury and to improve oxygenation by increasing mean air-
way pressure, recruiting lung volume, and redistributing
lung water from the interstitial space adjacent to the gas-
exchanging regions to the compliant perivascular intersti-
tial space. How to determine the appropriate level of PEEP
remains controversial; the most popular methods rely on
optimizing some desired physiological end point, be it ar-
terial partial pressure of oxygen (PaO2), oxygen delivery, or
lung compliance. PEEP can have significant deleterious ef-
fects, including a decreased cardiac output and hypoten-
sion, particularly in the volume-depleted patient.

The lowest inspired oxygen concentration producing an
acceptable PaO2 should be selected, in order to avoid lung
injury induced by a high concentration. Exposure to an in-
spired oxygen concentration less than 0.5 is probably not
of concern. In patients requiring higher concentrations,
PaO2 sometimes can be raised by manipulating mean air-
way pressure (by adjusting PEEP, inspiratory:expiratory
ratio, or plateau pressure) or improving mixed venous oxy-
gen saturation (by improving cardiac output).

CARE OF THE HOSPITALIZED PATIENT

Noninvasive Ventilation

Ventilatory support traditionally is performed with an en-
dotracheal tube, but intubation is uncomfortable and is as-
sociated with significant risks, such as airway damage and
nosocomial pneumonia. There has been increasing interest
in the noninvasive application of positive pressure ventila-
tion, which may avoid the potential adverse effects and
long-term complications of endotracheal intubation.

Noninvasive ventilation is performed using a tight-
fitting nasal or oronasal mask attached to a positive pres-
sure ventilator. Although the nasal mask is usually well
tolerated, the face mask is becoming a more commonly
used interface and is available in a variety of types and
sizes. Conventional ventilators may be used to deliver non-
invasive ventilation, usually in a pressure-support mode.
Several simpler bi-level pressure-support devices are avail-
able to ventilate in a pressure-support mode, with or with-
out a backup rate; they have the advantage of low cost and
better compensation for air leaks but do not have the mon-
itoring capabilities of most ICU ventilators.

Noninvasive support can be used in the patient who is
able to protect his/her airway and who has adequate
spontaneous respiratory efforts, but is failing because of
respiratory muscle fatigue or progressive hypoxemia. It
may be contraindicated in the patient with a decreased
level of consciousness, excessive secretions, recent upper-
gastrointestinal anastamoses, or hemodynamic instability.
An adequate fit for the mask may not be possible in eden-
tulous patients or those with facial injury or deformity.
Noninvasive ventilation is most effective in the manage-
ment of patients with respiratory failure resulting from
chronic obstructive pulmonary disease (COPD) (see
Chapter 55), in which a mortality benefit has been
demonstrated (1). Cardiogenic pulmonary edema (see
Chapter 39) can be effectively treated by noninvasive con-
tinuous positive airway pressure. Other potential uses of
noninvasive ventilation include patients who refuse intu-
bation and those who require short-term support.

Noninvasive ventilation is initiated by gently applying
the mask to the patient’s face until it is tolerated; then the
mask is secured with head straps. The inspiratory pressure
and end-expiratory pressure usually are set initially at 8 cm
H2O and 4 cm H2O respectively; pressures are adjusted to
the patient’s comfort and later to arterial blood-gas mea-
surements. The acutely distressed patient may require a
rapid increase to higher levels of inspiratory pressure (e.g.,
16–20 cm H2O). Most bi-level ventilatory-support devices
deliver room-air gas, and oxygen must be titrated into the
circuit according to the patient’s oxygen saturation. When
using conventional ventilators, the pressure support level
can be titrated up until the tidal volume reaches about 7
mL/kg. Inspired oxygen concentration can be set on the
ventilator to the desired level.
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Disease-Specific Ventilation

Acute Respiratory Distress Syndrome

Mechanical ventilation with a low tidal volume (6 ml/kg)
and plateau pressure less than 30 cm H2O improves out-
come in patients with severe acute respiratory distress syn-
drome (ARDS) (see Chapter 24) (2). Recognition of the
concept of ventilator-induced lung injury has influenced
ventilatory strategies. Lung injury in ARDS is not uniform,
and the small fraction of uninvolved lung capable of gas
exchange should be protected from excessive inflation pres-
sure. In addition to local injury, evidence exists that injuri-
ous ventilatory strategies may cause the systemic release of
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Step 1: Ventilatory mode
AC - Initial mode (particularly if patient sedated, limited

efforts)
SIMV - consider if some respiratory effort, dysynchrony
Pressure support - only if good patient effort, more comfortable

Step 2: Oxygenation

and hemodynamic effects
   

Step 3:  Ventilation
Tidal volume - begin with 5 to 10 ml/kg
Rate - begin with 12 – 16/min, higher if acidemic
Pressure limit - set at 50 cm H2O

- aim for ≤35 cm H2O

Step 4:  Fine tuning
Triggering - in spontaneous modes, adjust to minimize effort
Inspiratory flow rate of 40–80 L/min: higher if tachypneic,

lower if high pressure is alarming
I:E ratio - 1:2, either set or as function of flow rate
Flow pattern - decelerating ramp reduces peak pressure

Step 5:  Monitoring
• Clinical - blood pressure, ECG
• Ventilator - tidal volume, minute ventilation, airway pressures 
• Arterial blood gases, pulse oximetry

FiO2 - Begin with 80–100%, reduce according to SaO2
PEEP - Begin with 5 cm H2O, increase according to SaO2

Aim for SaO2 ≥90%, FiO2 ≤60%

Figure 23.2 Algorithm for initiating mechanical ventilation. AC,
assist control; ECG, electrocardiogram; FiO2, inspired oxygen frac-
tion; I:E, inspiratory:expiratory; PEEP, positive end-expiratory
pressure; SaO2, arterial oxygen saturation; SIMV, synchronized in-
termittent mandatory ventilation.

Noninvasive ventilation is most useful for short-term
ventilation, although support for several days to a week is
feasible. A significant complication of prolonged use is
the development of nasal-bridge ulceration. The mask can
be removed intermittently for communication, feeding, or
patient comfort. The difficult decisions regarding extuba-
tion are avoided by the ease of removal and reapplication
of the mask. This mode of ventilation is definitely indi-
cated for patients with COPD, but its exact role in other
disease states remains to be determined. The success of
noninvasive ventilation often depends on the experience
and perseverance of the medical personnel. Patients re-
quire close monitoring, and facilities for endotracheal in-
tubation and conventional ventilation should be readily
available.

Initiating Mechanical Ventilation

Once the decision is made to institute conventional me-
chanical ventilation, intubation must be performed in a
controlled fashion. All necessary equipment must be avail-
able including a laryngoscope, suction, resuscitation bag
and mask, and endotracheal tubes of different sizes. Elec-
trocardiographic and oxygen saturation monitoring is es-
sential. The method of intubation depends on individual
preferences and level of skill; in the acutely ill patient, how-
ever, an awake intubation is safest because it allows spon-
taneous respiration during the procedure and avoids the
desaturation that occurs if a patient is rendered apneic by
pharmacotherapy. Most patients with acute respiratory fail-
ure have an altered level of consciousness, but the proce-
dure should be explained to them. Topical anesthesia can
be used, and small doses of a short-acting benzodiazepine
may be beneficial. Anesthetic drugs and neuromuscular
blocking agents should be available. The patient must be
preoxygenated, and oxygen saturation should be moni-
tored during the intubation. For patients who are not fluid-
overloaded, a fluid bolus may be initiated to overcome the
hypotensive effect of the sedation and positive intratho-
racic pressure.

If the patient is fully sedated following intubation, venti-
lation is commenced in a controlled or assist-control mode.
Pressure support may be chosen in the patient with good
spontaneous efforts who does not tolerate assist control (Fig-
ure 23.2). Inspired oxygen concentration is set initially at
0.80–1.0 and reduced according to oxygen saturation mea-
surements. A tidal volume of 5–10 mL/kg with a rate of
12–16 per minute is adjusted according to the patient’s clin-
ical status and initial arterial blood-gas results. A PEEP of 5
cm H2O often is provided unless contraindicated by hy-
potension. It is important not to expect to optimize ventila-
tion until the patient has stabilized and the sedative drugs
have taken full effect. Fine tuning, including adjustment of
inspiratory flow rate, inspiratory:expiratory ratio, PEEP, and
triggering sensitivity, then may be appropriate, along with
any other necessary troubleshooting (Table 23.2).
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TABLE 23.2
TROUBLESHOOTING THE VENTILATOR

Problem Response

Dyssynchrony (“fighting”) Consider synchronized intermittent mandatory ventilation 
or pressure control or pressure support

Check trigger sensitivity
Check inspiratory flow rate
Check for auto-PEEP
Consider sedation, neuromuscular blockade

Hypoxemia Inspired oxygen concentration as high as necessary, but aim for �60%
Increase PEEP incrementally to 18 cm H2O
Consider:

Recruitment maneuver
Prone position
Increasing cardiac output

High-pressure alarm High peak pressure � airway resistance (e.g., endotracheal tube, 
bronchospasm)

High plateau pressure � lung/chest wall compliance (e.g., pulmonary 
edema, pneumothorax, “fighting”)

Low-pressure alarm Patient disconnected from ventilator
Inadequate flow rate

Hypotension Due to volume depletion, sedation, increased intrathoracic pressure
Initial treatment: fluid bolus
May need to reduce PEEP, minute volume
Consider:

Pneumothorax
Auto-PEEP

Hypercapnea Accept moderate hypercapnea (50–80 mm Hg)
May need bicarbonate for acidosis (controversial)

PEEP, positive end-expiratory pressure.

cytokines (3), potentially resulting in multi-organ failure.
For the patient with a noncompliant chest wall (e.g., mas-
sive ascites, pleural effusions, pregnancy), higher airway
pressures may be accepted. Low tidal volumes may result in
alveolar hypoventilation and a rise in PaCO2, and this per-
missive hypercapnia generally is well tolerated (4).

With inadequate PEEP, ARDS may deteriorate because
of alveolar damage resulting from repeated opening and
closing of alveoli. An adequate level of PEEP is also
essential to improve oxygenation and lung compliance.
Application of a recruitment maneuver (e.g., 40 cm H2O
continuous positive airway pressure for 40 seconds) may
improve oxygenation, particularly in early ARDS (5), but
care must be taken to monitor oxygenation and blood pres-
sure during such maneuvers. The utility of these maneuvers
in terms of outcome has not been proven. Although the use
of the prone position may improve oxygenation by in-
creasing blood flow through well-aerated, previously non-
dependent areas and improving pulmonary mechanics, no
survival benefit has been noted (6). Nitric oxide may have
dramatic effects on oxygenation in a subgroup of patients,
but no improvement in any clinically significant end point
has been shown in adults.

High frequency oscillation (HFO) is an alternative
mode of mechanical ventilation that may be less injurious

than conventional ventilation in ARDS. HFO allows deliv-
ery of a higher mean airway pressure (improving alveolar
recruitment and oxygenation) without high peak pressures.
HFO is carried out at a frequency of 3–8 Hz (180–480/
min), with initial settings usually at about 6 Hz, and mean
airway pressure at 3–5 cm H2O higher than the mean air-
way pressure on conventional ventilation. Frequency is ad-
justed according to PaCO2—lower frequencies produce a
higher tidal volume and lower PaCO2. Patients usually re-
quire deep sedation or even neuromuscular blockade.
There are no data demonstrating a clear outcome benefit
over conventional ventilation.

Survivors of ARDS regain their lung volume and spiro-
metric values within 6 months, but carbon monoxide dif-
fusion capacity remains reduced at 12 months. Persistent
functional disability relates largely to muscle wasting and
weakness (7).

Obstructive Airways Disease

The predominant abnormality in patients with obstructive
airways disease is incomplete exhalation due to expiratory
airflow limitation, which may produce dynamic hyperin-
flation or auto-PEEP, owing to the residual pressure (and
volume) in the alveoli at the end of expiration. Auto-PEEP
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produces complications such as barotrauma, hemody-
namic collapse, and difficulty in triggering the ventilator re-
lated to elevated intrathoracic pressure. Auto-PEEP cannot
be measured easily in the spontaneously breathing patient,
without invasive measurement of pleural or esophageal
pressure. The presence of auto-PEEP can be inferred by ob-
serving the flow-time tracing—persistent expiratory flow at
the onset of the next inspiration suggests that auto-PEEP is
present. In the patient on controlled ventilation, auto-PEEP
can be estimated by assessing the circuit pressure during
brief occlusion of the circuit at the end of expiration. Many
modern ventilators perform this measurement auto-
matically. Resistance to inspiratory airflow is increased in
asthmatics and results in markedly elevated peak airway
pressures (see Chapter 56). A major objective in ventilating
patients with obstructive airways disease is to minimize
minute ventilation, shorten inspiratory time, and maxi-
mize expiratory time, so as to reduce end-expiratory lung
volume and auto-PEEP.

Although increasing expiratory time is important, the
most important intervention is to reduce minute volume to
the lowest acceptable level. In patients with severe airflow
limitation, this goal may require controlled hypoven-
tilation with permissive hypercapnia. Heavy sedation or
paralysis (see Sedation and Paralysis section on page 179)
may be useful to reduce ventilation pressures and to elimi-
nate active expiration in very difficult-to-ventilate patients.
The development of hemodynamic compromise resulting
from auto-PEEP should be anticipated and managed by a
reduction in minute volume and by fluid therapy.

During weaning of the patient with obstructive airways
disease, the presence of auto-PEEP may require increased
work of breathing to trigger breaths. This problem can be
overcome by applying extrinsic PEEP at a level equal to or
less than the measured auto-PEEP.

Complications of Mechanical Ventilation

Mechanical ventilation is a life-saving intervention, but it
may be associated with significant adverse effects (Table
23.3) related to the endotracheal tube, to ventilator-induced
lung injury, to the effects of positive intrathoracic pressure,
or to pharmacotherapy necessary to facilitate ventilation.

Endotracheal Intubation

Intubation may produce complications related to local
trauma, such as pharyngeal or glottic injury occurring dur-
ing insertion of the tube, and resulting from prolonged in-
tubation. Cuff inflation pressures greater than 25 cm H2O
may cause ischemic ulceration predisposing to tracheal
stenosis. Malpositioning of the endotracheal tube into the
right mainstem bronchus produces atelectasis in the other
lung and overdistention of the ventilated lung. Inadvertent
extubation, a potentially dangerous complication, occurs
in the disoriented or uncooperative patient.

Nasotracheal intubation improves comfort in some
patients, but there is an increased risk of bleeding during
insertion of the tube, and sinusitis may occur as a result of
ostial occlusion. Nasal tubes are usually narrower, with in-
creased airways resistance. Tracheostomy may provide
some protection from glottic injury, but its major benefits
are improving patient comfort and secretion clearance as
well as allowing oral feeding. Tracheostomy usually is re-
served for patients with an expected duration of ventilation
of 2–3 weeks, but the optimal timing of tracheostomy is a
matter of some debate.

The presence of an endotracheal tube disrupts normal
pulmonary protective mechanisms. Coughing and mu-
cociliary transport are impeded, resulting in the retention
of secretions. Although gross aspiration is prevented by
a cuffed endotracheal tube, pharyngeal secretions never-
theless may enter the trachea and increase the risk for noso-
comial pneumonia. Nosocomial pneumonia occurs in
about 30% of patients who are mechanically ventilated,
and the risk increases with the duration of ventilation (see
Chapter 66).

Positive Pressure

High ventilating pressures and high tidal volumes can pro-
duce barotrauma, which is manifested as pneumothorax,
pneumomediastinum, or subcutaneous emphysema. The
critical pressure that likely correlates best with the propen-
sity to develop barotrauma is the transpulmonary pressure
(alveolar minus pleural pressure). This pressure usually is
not measured clinically—the most commonly monitored
pressures are peak inspiratory pressure and plateau pres-
sure. If these values are relatively low, the transpulmonary
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TABLE 23.3
COMPLICATIONS OF MECHANICAL
VENTILATION

Related to endotracheal intubation
Pharyngeal and laryngeal injury
Malpositioning of the endotracheal tube
Inadvertent extubation
Nosocomial pneumonia

Related to positive pressure or tidal ventilation
Hemodynamic (decreased cardiac output)
Ventilator-induced lung injury:

Barotrauma (pneumothorax, pneumomediastinum)
Volutrauma (pulmonary edema)
Atelectrauma (ventilation at low lung volumes)
Biotrauma (lung injury by inflammation and mediators)

Related to sedation and neuromuscular blockade
Hemodynamic (hypotension, tachycardia)
Skin pressure necrosis
Deep venous thrombosis
Muscle weakness (atrophy, myopathy, polyneuropathy)
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pressure is likely low, but elevated values may result from
increased transpulmonary pressure as well as other causes
(e.g., increased airway resistance, decreased chest-wall
compliance). Preexisting acute and chronic lung disease
predisposes the patient to barotrauma. The clinical picture
of sudden respiratory distress associated with increased
ventilator pressures should suggest the presence of a pneu-
mothorax, particularly if associated with hemodynamic
collapse. The radiographic diagnosis of a pneumothorax
may be difficult if the chest radiograph is taken in the
supine position. Management involves evacuation of the
pneumothorax with a percutaneous chest tube. Healing of
injured lung may be compromised, and a persistent bron-
chopleural fistula may develop.

Overdistention of the lung caused by large tidal volumes
or high inflation pressures can produce lung injury. This
ventilator-induced lung injury may exacerbate the pul-
monary injury in patients with ARDS, where only a small
portion of the lung remains aerated, and this portion is
overdistended by conventional tidal volumes. Some pro-
tection against lung injury may be afforded by the use of
pressure-limited ventilatory strategies. PEEP may be benefi-
cial by reducing lung injury caused by the shear stresses as-
sociated with repeated opening and closing of alveoli.

Positive pressure ventilation may reduce cardiac output
and blood pressure by impairing venous return and right-
ventricular filling. This problem is aggravated by associated
volume depletion and the use of sedative drugs. The effects
are most marked in patients with obstructive airways dis-
ease and auto-PEEP. Management involves fluid resuscita-
tion and a reduction in the mean airway pressure and
minute ventilation.

Asynchrony

Poor interaction between the preset ventilation pattern and
the patient’s natural breathing rhythm can result in in-
creased work of breathing, hypoventilation, or barotrauma.
This patient–ventilator asynchrony manifests as the patient
“fighting” the ventilator; it occurs more commonly with
controlled ventilatory modes, high triggering thresholds,
and flow capacity insufficient to meet patient require-
ments. The development of auto-PEEP increases the trig-
gering threshold and the work of breathing.

Patient–ventilator asynchrony may occur if the patient
begins expiration before delivery of the preset tidal volume
has been completed. Slow inspiratory flow rate may be as-
sociated with increased work of breathing resulting from
active inspiratory effort by the patient. Pressure-preset ven-
tilatory modes have the advantage of allowing the flow rate
to be determined by the patient’s requirements. However, a
rapid breathing rate in pressure-preset modes can result in
a significantly reduced tidal volume.

If ventilator adjustments fail to correct patient–ventila-
tor asynchrony, increased sedation or neuromuscular
blockade may be a last resort after all physiological reasons

for the asynchrony have been excluded. These interven-
tions eliminate the patient’s contribution to ventilation
and reduce airway pressures and oxygen consumption.

Sedation and Paralysis

Varying degrees of sedation are necessary during mechani-
cal ventilation to allow for patient comfort. Neuromuscu-
lar blockade immobilizes the patient and may be necessary
to reduce asynchrony and to facilitate ventilatory strategies
such as inverse-ratio ventilation and permissive hypercap-
nia. Sedative drugs may cause vasodilation and contribute
to the hypotension that commonly accompanies positive
pressure ventilation. Immobilization puts patients at risk
for pressure necrosis of the skin, deep venous thrombosis,
retention of secretions, atrophy of the respiratory and pe-
ripheral musculature, and atelectasis. If spontaneous respi-
ratory efforts are suppressed, inadvertent disconnection
from the ventilator can have disastrous consequences; ven-
tilator alarms require emergent response. Prolonged weak-
ness may occur even after withdrawal of neuromuscular
blockade. The depth of paralysis should be limited, and
neuromuscular blockade should be withdrawn periodically
to assess the neuromuscular status. Daily interruption of
sedative drug infusions decreases the duration of mechani-
cal ventilation and the length of ICU stay (8).

Strategies To Reduce Ventilation-Associated
Complications

Mechanical ventilation may produce or aggravate lung in-
jury by overdistention of alveoli and by inadequate end-
expiratory pressure producing alveolar collapse. Ventilation
with low tidal volumes (5–7 mL/kg) to keep plateau airway
pressure less than 30 cm H2O improves outcome, likely by
reducing ventilator-induced injury (2). PEEP is protective,
reducing the shear stresses associated with repeated opening
and closing of alveoli. Similarly, recruitment of previously
collapsed lung tissue by periodic sustained inflations (10–40
seconds) at pressures of 30–40 cm H2O may protect from
lung injury as well as improve oxygenation. Pressure-limited
ventilation may result in inadequate alveolar ventilation and
the development of hypercapnia; this strategy of controlled
hypoventilation and permissive hypercapnia is generally
well tolerated if the pH is maintained above 7.1. Adequate
oxygenation must be ensured, and the patient may require
sedation or neuromuscular blockade because of the effects of
hypercapnia on respiratory drive.

Standard prophylactic measures often used in the venti-
lated patient include stress-ulcer prevention with his-
tamine-2 antagonists (see Chapter 80) (9) and low-dosage
heparin to reduce the incidence of venous thromboem-
bolism (see Chapter 52). Attention should be paid to pro-
viding adequate, preferably enteral, nutrition at the earliest
possible time (see Chapter 15).
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Weaning and Extubation

Once the underlying cause for acute respiratory failure has
resolved, mechanical ventilation can be discontinued. In
the patient with a short duration of ventilation and rapidly
reversible underlying disease, the ventilator may be discon-
nected after a trial of spontaneous breathing (see Figure
23.3). After prolonged ventilation, respiratory muscle
strength and endurance may be reduced, and a period of
progressive withdrawal or “weaning” may be necessary.
Different techniques for the gradual withdrawal of ventila-
tory support have potential advantages and disadvantages.
Timing of the removal of the endotracheal tube is impor-
tant—early extubation may result in respiratory failure and
necessitate reintubation, while prolonging unnecessary in-
tubation increases costs and the risk of complications. The
most important issue is therefore to have a protocol in
which the patient’s ability to sustain spontaneous ventila-
tion is assessed on a regular basis (e.g., every 24 hours).

Screening for Weaning

Before mechanical ventilation can be discontinued, both
the underlying respiratory problem that required ventila-
tion and any subsequent complications (such as nosoco-

mial pneumonia or atelectasis) must have largely resolved.
The patient should be clinically stable, awake, and respon-
sive. The respiratory neuromuscular system must be able to
cope with the ventilatory work load, and oxygenation must
be adequate at an inspired oxygen concentration less than
50%. Clinical measures that may be used to assess the like-
lihood of successful weaning include the tidal volume, res-
piratory rate, spontaneous minute ventilation, vital capac-
ity, and maximum inspiratory force (Figure 23.3).
Although these factors are relatively insensitive and non-
specific in predicting weaning success, a low respiratory
workload compatible with spontaneous respiration can be
indicated by a minute ventilation less than 10 L/min and a
respiratory rate of less than 25 per minute. A useful predic-
tor of success is a brief trial of spontaneous breathing while
measuring the respiratory rate:tidal volume ratio.

Before removal of the endotracheal tube, the patency of
the upper airway and the patient’s ability to clear secretions
must be assessed by evaluating the level of consciousness,
upper-airway edema, the ability to cough, and the quantity
of secretions. A cuff-leak test is performed by deflating the
endotracheal tube cuff and briefly occluding the tube. If the
patient can generate airflow around the tube, significant
airway obstruction is unlikely after extubation. The inabil-
ity to move air does not necessarily preclude extubation,

180 Section II: Critical Care Medicine

Success

Step 1: Is the patient ready for weaning/extubation?

Step 2: Trial of spontaneous breathing for 1–2
hr with pressure support 5-7 cm H2O or T-piece
Terminate if:
• f >35/min
• SaO2 <90%
• HR>140/min
• BP >200 systolic
• Agitation, diaphoresis

Non-respiratory factors
• awake and responsive
• clinically stable
• underlying disease resolved

Respiratory factors to consider
• FiO2 <50%
• VE     <10 L/min
• MIP <–25 cm H2O

Airway factors
• patent airway (cuff test)
• airway protection
• cough

3 minute trial
on CPAP 5 cm H2O
• f/Vt < 105
• SaO2>90%

Step 3: Extubate

Step 4: Monitor post extubation

Daily trial of
spontaneous breathing

Reinstitute ventilation
Consider causes of failure:
• poor nutrition
• electrolyte abnormalities
• cardiac disease
• neuromuscular dysfunction
• excessive secretions
• unresolved respiratory disease
• residual sedation
• ventilator/tube related

Fail

Weaning protocol
• pressure support at level to keep
   f<30/min
• reduce pressure by 2-4 cm H2O twice
   a day, to <10 cm H2O
• also T-piece or SIMV weaning

Fail

Reintubation

Consider non-invasive ventilation

Figure 23.3 Algorithm for weaning and discontinuing mechanical ventilation. BP, blood pressure;
CPAP, continuous positive airway pressure; f, respiratory frequency (rate); FiO2, inspired oxygen frac-
tion; HR, heart rate; MIP, maximal inspiratory pressure; SaO2, systemic arterial oxygen saturation;
SIMV, synchronized intermittent mandatory ventilation; VE, minute ventilation; Vt, tidal volume.
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particularly if the endotracheal tube is a large size; however,
in such patients, precautions such as preoxygenation and
ensuring that personnel and equipment for managing a dif-
ficult airway are available must be taken prior to extuba-
tion. If mechanical ventilation was initiated to provide an
adequate airway because airway patency was compro-
mised, the preexisting airway problem must be alleviated
prior to extubation.

For the patient who fails to wean, various factors must
be considered. Impaired cardiovascular performance re-
sulting from ischemia or ventricular dysfunction may affect
oxygen supply to respiratory muscles or result in pul-
monary edema when positive intrathoracic pressure is re-
moved. The presence of electrolyte disturbances (e.g., hy-
pophosphatemia) and poor nutritional status may affect
the ability to sustain spontaneous breathing. Residual res-
piratory disease with excessive secretions and persistent ef-
fects of sedation must be considered.

Techniques of Weaning

Following brief ventilation for a reversible condition, ven-
tilatory support may be withdrawn after a trial of sponta-
neous respiration, which can be performed as a 1- to 
2-hour trial on a T-piece or low pressure support (5–10 cm
H2O) while monitoring for signs of fatigue (Figure 23.3).
With prolonged ventilation, a period of gradual weaning
may be necessary, although daily assessment with a spon-
taneous breathing trial may suffice. The oxygen concentra-
tion often is reduced before weaning from the ventilator is
considered; the usual approach is a gradual reduction of
the inspired oxygen concentration to a level that can be de-
livered easily by face mask (e.g., less than 50%). PEEP usu-
ally is reduced to a level of about 5 cm H2O in decrements
of 2–3 cm H2O, while oxygen saturation is monitored. The
patient then is weaned gradually from ventilatory support,
with monitoring for signs of ventilatory distress or fatigue,
such as agitation, tachypnea, diaphoresis, or respiratory
acidosis. In recent studies comparing various methods of
weaning, weaning failure was less common with a shorter
weaning duration using a daily trial of spontaneous breath-
ing than it was with gradual reduction in ventilatory sup-
port (10).

As noted above, the critical care unit should have a pre-
defined protocol for daily assessment of spontaneous
breathing trials, which can guide the decision of whether
to extubate or continue ventilation for another 24 hours
(10). Trials in which the patient breathes spontaneously
with low-pressure ventilatory support (5–10 cm H2O)
have proved as effective as trials of unaided breathing
with a T-piece and have the advantage of overcoming the
ventilator-induced work of breathing related to circuit and
valve resistance.

Weaning using the T-piece involves gradually increas-
ing periods of spontaneous breathing (e.g., 30 minutes,
60 minutes, etc.), ensuring that the patient does not de-

velop fatigue. Adequate rest periods on ventilatory sup-
port between trials of spontaneous breathing are essential.
There is little evidence in the literature to guide how long
the patient should breathe on the T-piece and how long
he or she should rest in the intervening period. The aim is
to increase respiratory muscle strength and endurance
until the patient tolerates spontaneous breathing without
assistance. The T-piece provides no support to overcome
ventilator circuit resistance.

Pressure-support weaning is performed by gradually re-
ducing the level of pressure delivered to allow the patient
to assume an increasing amount of respiratory work. Pres-
sure support is reduced by 2 cm H2O several times daily, as-
sessing the patient for signs of fatigue. Once the pressure
support is reduced to a level that overcomes the ventilator-
induced work of breathing (circuit and valve resistance) but
provides no additional support, extubation is considered.
This level of pressure support, which varies between about
5 and 12 cm H2O depending on the ventilator and endo-
tracheal tube size, is difficult to determine in the individual
patient.

An alternative weaning approach has used SIMV and
gradually reduces the ventilator rate, with the patient in-
creasing the amount of respiratory work performed. How-
ever, the SIMV approach to weaning has been documented
to be less effective than the use of a T-piece or of pressure-
support weaning.

Terminal Weaning

An increasingly common occurrence in the intensive care
unit is the decision to withdraw life support. If aggressive
life-extending measures have failed, the management goal
changes to a comfort-oriented approach that includes with-
drawing invasive interventions for which the burdens
outweigh the comfort benefits (see Chapters 17 and 19).
Compassionate withdrawal of ventilatory support, which is
an integral part of this approach, is often more difficult to
accept than the withdrawal of other support measures. In
this regard, a common and acceptable practice is the dis-
continuation of other therapies, with the expectation that
the patient will die on ventilatory support. Although this
approach is effective if the patient is dependent on high-
dosage inotropic support, it is important that mechanical
ventilation not be continued unnecessarily so the dying
process is not inappropriately prolonged.

Terminal withdrawal of mechanical ventilation may be
performed rapidly by removing the endotracheal tube or by
a more gradual weaning process during which the patient
may die with the endotracheal tube in place. Each method
has potential advantages and disadvantages, as well as
strong proponents and opponents. Of paramount impor-
tance is that comfort of the patient be ensured and the fam-
ily be made aware of the process and expected outcome.
Often the decision depends on the perceived comfort of the
patient and expressed concerns of the family. Extubation
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has the advantage of not prolonging the process of with-
drawal, but it may be interpreted by some families and staff
as being an active intervention with the intent to end the
patient’s life. Extubation should be preceded by the ad-
ministration of adequate sedation (usually with benzodi-
azepines) and opiate analgesics to relieve any sensation of
dyspnea. The anticipated outcome should be explained to
the family, particularly if demise is expected within min-
utes, although prediction of the duration of survival is no-
toriously difficult.

Gradual withdrawal of support may be more comfort-
able and acceptable but also may prolong the dying process
unnecessarily. This approach avoids the very active inter-
vention of extubation. The inspired oxygen saturation may
be reduced rapidly to that of room air; ventilatory support
(pressure or tidal volume) may be reduced to the mini-
mum; or a T-piece may be used. Adequate sedation and
analgesia must be provided to ensure comfort and relief
from dyspnea.

CONCLUSIONS

Mechanical ventilation is a necessary intervention to sustain
life in the patient with respiratory failure, or to take control
of the airway and breathing in the patient with other organ
dysfunction. As with any medical intervention, it carries ad-
verse effects, which are related to the presence of an endo-
tracheal tube, the level of pressure delivered, the inspired
oxygen concentration, and the duration of ventilatory sup-
port. Furthermore, the ventilated patient is at risk for sud-
den, unexpected catastrophic events such as disconnection
from the ventilator or airway obstruction. Close monitoring
of even the most stable patient is essential, and the patient
should be assessed on a regular basis as to whether contin-
ued ventilation is necessary and appropriate.

KEY POINTS

■ Correct timing is essential in instituting mechanical ven-
tilation: Too soon or too late exposes the patient to un-
necessary hazards.

■ Consider noninvasive ventilation in the cooperative pa-
tient with an expected short duration of ventilation (e.g.,
pulmonary edema, exacerbation of chronic obstructive
pulmonary disease).

■ Prevent ventilator-induced lung injury by avoiding ex-
cessive inflation pressures and providing adequate end-
expiratory pressure.

■ Avoid prolonging ventilation unnecessarily: Assess daily
for the ability to wean and discontinue ventilation.
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Acute Respiratory

Failure
Mark R. Tonelli Leonard D. Hudson

Any discussion of acute respiratory failure as a clinical en-
tity must begin with the recognition that the disorder varies
significantly in presentation and has multiple causes (Table
24.1). Decisions regarding appropriate treatments cannot
be made without evaluation of both severity and etiology.

Defining acute respiratory failure has been problematic.
Physiologically, respiratory failure can be said to occur if ei-
ther ventilation or oxygenation is inadequate for optimal
function of tissue, organs, or the organism. In this sense,
the diagnosis of acute respiratory failure relies on arterial
blood-gas measurements demonstrating hypercapnia with
acidemia or profound hypoxemia. Clinically, however, the
diagnosis of respiratory failure generally is suspected prior
to obtaining arterial blood-gas measurements. For exam-
ple, the patient overdosed on heroin with a respiratory rate
of 6 per minute or the tight asthmatic with tachypnea both
may be presumed to have an acute change in respiratory
status. In such situations, respiratory compromise is clearly
present, though respiratory failure is not demonstrated un-
til arterial blood gases are analyzed.

The traditional focus on respiratory physiology and
mechanistic distinctions based on classes of gas-exchange
abnormalities often obscures more clinically relevant as-
pects of acute respiratory failure. Although an understand-
ing of pulmonary physiology is important in the assessment
of respiratory failure, the clinical evaluation generally be-
gins prior to the measurement of arterial blood gases.
Respiratory compromise, evident by physical examination,
represents the starting point of evaluation and treatment.

Respiratory compromise may result from intrinsic lung
disease, but it also accompanies neurologic injury, upper-
airway disorders, heart failure, vascular disease, renal
failure, metabolic derangement, and systemic infection or
inflammation. Respiratory distress may be a presenting
complaint or may develop during the course of another ill-

ness. For example, in acute respiratory distress syndrome
(ARDS), hypoxemic respiratory failure usually develops in
patients admitted with another life-threatening illness or
injury. However, ARDS sometimes exists on presentation,
and virtually any cause of acute respiratory failure can com-
plicate hospitalization. Outcomes research on specific
causes of respiratory compromise, such as asthma, chronic
obstructive pulmonary disease (COPD), community-
acquired pneumonia, pulmonary vascular disease, and
heart failure, can guide treatment for those entities.

ACUTE RESPIRATORY COMPROMISE
PRESENTING ON ADMISSION

Clinical Presentation

Respiratory compromise should be suspected in any pa-
tient presenting complaints of shortness of breath or signs
of tachypnea or labored breathing, and it also must be con-
sidered in other clinical situations. Neurologic injury or
profound central nervous system depression may result in
inadequate ventilation as a result of impaired drive or up-
per-airway compromise without a sensation of dyspnea.
Such patients generally are unresponsive and without
tachypnea on presentation. Conversely, the patient with in-
adequate ventilation secondary to other causes may de-
velop neurologic symptoms including agitation, confu-
sion, or depressed level of consciousness.

In the dyspneic and tachypneic patient, other clinical
manifestations are dependent on the cause of respiratory
compromise. Stridor indicates upper-airway obstruction;
audible expiratory wheezing suggests airflow obstruction;
and a rapid, shallow breathing pattern often accompanies a
restrictive process. The patient with impending respiratory
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failure is usually anxious; somnolence or lethargy should
alert the clinician to the possibility that assisted ventilation
may be required emergently. It is important to remember
that normal oxygen saturations may be present in the setting
of significantly impaired ventilation, especially if the pa-
tient is breathing supplemental oxygen.

The physician’s first task is to ensure that the patient’s air-
way is patent and that breathing is adequate to allow for fur-
ther evaluation. Supplemental oxygen should be provided
to ensure adequate oxygen saturation. The resources neces-
sary to perform rapid endotracheal intubation and assisted
ventilation should be available readily (see Chapter 23).

Differential Diagnosis and Initial Evaluation

History

Appropriate therapy cannot be administered without an
accurate determination of the cause of respiratory compro-
mise. The medical history should focus on both the perti-
nent aspects of the present illness, including rapidity of on-
set and associated symptoms, and the past medical history,
especially the presence of previous episodes of airflow ob-

struction or heart failure. Acute presentations accompanied
by fever, cough, or sputum production suggest infectious
etiologies. Sudden onset of dyspnea without systemic
symptoms should raise the possibility of airway obstruc-
tion, cardiac disease, and pulmonary vascular occlusion.
Complaints of chronic and progressive dyspnea with acute
worsening most often represent an exacerbation of an un-
derlying pulmonary illness, such as COPD or asthma.

Physical Examination

Initial physical examination should be aimed at both elu-
cidating a cause and assessing the severity of respiratory
compromise. Altered mental status without an alternative
cause suggests severe respiratory compromise. In patients
with airflow obstruction, pulsus paradoxus greater than 20
mm Hg indicates severe obstruction. A respiratory rate
greater than 35 per minute in an adult suggests severe res-
piratory compromise. Estimating the tidal volume by ob-
servation and auscultation is an important, but imperfect,
measure of severity. Wheezing on auscultation (often both
inspiratory and expiratory) usually accompanies severe air-
flow obstruction, but wheezing may become inaudible if tidal
volume drops low enough. Rales on examination may accom-
pany heart failure, pneumonia, interstitial lung disease, or
diffuse lung injury. Consolidative changes may accompany
pneumonia or atelectasis. Normal results of lung examina-
tion do not exclude respiratory failure and may accompany
some infections (e.g., Pneumocystis jirovecii pneumonia),
diffuse lung injury, metabolic derangement, and disorders
of central respiratory drive.

Laboratory Evaluation

Arterial blood-gas measurement remains the most impor-
tant laboratory test for determining both the presence and
severity of respiratory failure. The hallmark of acute ventila-
tory failure is the presence of hypercapnia (arterial partial
pressure of carbon dioxide [PaCO2] �45 mm Hg) along
with acidemia (pH �7.35). In acute ventilatory failure,
metabolic compensation for hypercapnia has not yet taken
place, and the rise in carbon dioxide is directly reflected in a
falling pH. In such situations, the base excess remains near
zero, and the serum bicarbonate level is close to normal (see
Chapter 105). If there has been some time for compensa-
tion to occur or if there is an underlying metabolic alkalo-
sis, the bicarbonate level will be high, the base excess will be
greater than 2, and the pH will tend toward normal. The
presence of a metabolic acidosis (with a base excess of ��2)
in the setting of hypercapnia is an ominous sign and should
prompt consideration of mechanical ventilation.

Hypoxemia may accompany hypercapneic respiratory
failure or may be present if ventilation is adequate. Hypox-
emia generally is caused by hypoventilation, by ventila-
tion–perfusion mismatching, or by shunting, often in com-
bination. Low levels (�6 L/min) of supplemental oxygen
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TABLE 24.1
MAJOR CAUSES OF ACUTE RESPIRATORY
FAILURE

Airway/airflow obstruction
Bronchospasm

Asthma
Chronic obstructive pulmonary disease

Foreign body
Trauma
Laryngeal edema

Pulmonary parenchymal
Infection

Bacterial
Viral

Diffuse lung injury: acute respiratory distress syndrome
Cardiovascular

Acute myocardial infarction
Heart failure
Pulmonary embolism

Neurogenic
Brainstem injury

Trauma
Vascular accident

Respiratory depression
Opiates
Benzodiazepines
Barbiturates
Alcohol

Neuromuscular
Guillain-Barré syndrome
Myasthenic crisis

Renal/metabolic
Volume overload
Severe metabolic acidosis
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usually correct hypoxemia caused by hypoventilation or
ventilation–perfusion mismatch, but significant shunting
results in much higher oxygen requirements. Shunting oc-
curs if blood flow in the pulmonary circulation does not
pass through areas of ventilated lung en route to the left
atrium. In virtually any type of lung disease, large areas of
alveolar filling or collapse, radiographically evidenced by
increased opacification, produce some degree of shunt. The
normal physiologic response of hypoxic vasoconstriction
acts to minimize shunting. Clinicians should be aware that
vasodilators, including nitrates, can overcome this adaptive
response and worsen hypoxemia.

Hypoxemia alone is generally not an indication for me-
chanical ventilation, as 100% oxygen can be delivered effec-
tively to the spontaneously ventilating patient. In some cases
of acute lung injury, however, profound hypoxemia cannot
be corrected with supplemental oxygen. In such cases, intu-
bation and mechanical ventilation (see Chapter 23) are in-
dicated to provide positive end-expiratory pressure and
other ventilator strategies designed to improve oxygenation.

In the setting of acute-on-chronic respiratory failure, the
administration of supplemental oxygen often is accompa-
nied by a rise in PaCO2. Although generally attributed to a
decreased respiratory drive, the pathophysiology of this
phenomenon is more complex (see Chapter 55). For the
clinician, fear of a rising PaCO2 should never preclude the ad-
ministration of enough supplemental oxygen to ensure adequate
oxygen delivery. In general, a target range of 88% to 90%
oxygen saturation usually allows for adequate oxygen de-
livery while minimizing the potential increase in PaCO2.

Rapid measurement of B-type natriuretic peptide (BNP)
appears to be a useful biochemical adjunct to clinical as-
sessment in determining the cause of acute dyspnea in pa-
tients presenting emergently (1). An elevated BNP level is
seen almost universally in patients with significant left
heart failure; however it is important for clinicians to real-
ize that BNP is often chronically elevated in patients with
cor pulmonale and can also rise with acute right ventricu-
lar failure, such as might accompany pulmonary em-
bolism. Thus, although BNP is a sensitive indicator of heart
failure, it is nonspecific. A thorough clinical assessment for
alternative or addtional causes of respiratory failure must
still be undertaken even in the presence of an elevated BNP.

The chest radiograph may be particularly helpful in de-
termining the cause of respiratory failure (Figure 24.1). A
chest radiograph without parenchymal infiltrates may
accompany respiratory failure secondary to respiratory de-
pression, neuromuscular weakness, upper-airway obstruc-
tion, pulmonary vascular disease, and airflow obstruction.
Respiratory depression and neuromuscular weakness usu-
ally are associated with low lung volumes determined ra-
diographically; airflow obstruction caused by COPD or
asthma often presents with signs of hyperinflation, includ-
ing large lung volumes and hyperlucency. Metabolic dis-
turbances such as profound metabolic acidosis and carbon
monoxide poisoning present with a normal chest radio-

graph. Pneumonia, particularly P. jirovecii pneumonia, may
occasionally be radiographically inapparent early in its
course. The chest radiograph is diagnostic in cases of respi-
ratory compromise caused by a large pleural effusion or a
tension pneumothorax.

Focal infiltrates seen on the chest radiograph suggest bac-
terial or fungal pneumonia, aspiration, atelectasis, or pul-
monary hemorrhage or infarction. Unusual causes of respi-
ratory failure with focal infiltrates include bronchiolitis
obliterans with organizing pneumonia (BOOP), vasculitis
such as Wegener’s granulomatosis, and alveolar proteinosis.
Location and character of the infiltrates may suggest specific
causes, but radiographic signs are rarely sensitive or specific.

Heart failure generally presents with a diffuse edema
pattern with hilar predominance of infiltrates; however,
this pattern is nonspecific and can be seen with ARDS
and with bacterial, P. jirovecii, or viral pneumonia. Respira-
tory compromise secondary to collagen vascular disease,
drug toxicity, and hypersensitivity pneumonitis also gener-
ally presents with diffuse infiltrates. In addition, acute
eosinophilic pneumonia, acute interstitial pneumonitis,
and the fat emboli syndrome all may cause a radiographic
pattern of pulmonary edema and hypoxemic respiratory
failure indistinguishable from ARDS (Table 24.2).

INDICATIONS FOR HOSPITAL AND
INTENSIVE CARE UNIT ADMISSION

After appropriate diagnostic evaluation, admission should
be considered if the cause of respiratory compromise re-
mains unclear or if the patient remains refractory to appro-
priate treatment. New, persistent hypoxemia is generally an
indication for hospital admission. Specific criteria and deci-
sion rules for admission with asthma or community-
acquired pneumonia have been proposed (see Chapters 56
and 65). The need for mechanical ventilation is obviously
an absolute indication for admission to the ICU, and this
level of careful monitoring is also appropriate for patients
in whom noninvasive ventilation has been instituted (see
Chapter 23). ICU admission also should be considered for
patients at high risk for requiring mechanical ventilation,
especially those with increasing oxygen requirements or
those requiring nearly continuous nursing or respiratory
care, such as for assistance in clearing pulmonary secretions.

INITIAL THERAPIES

Initial therapy for respiratory compromise must be aimed
at the underlying condition. The general question in all
cases of respiratory compromise is whether invasive me-
chanical ventilation is required. The quality of explicit data
available to aid clinicians in this judgment is poor.
Nonetheless, certain criteria and patterns are helpful in de-
termining whether a patient requires mechanical support.
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Indications for endotracheal intubation, with or with-
out mechanical ventilation, include upper-airway injury or
inflammation, (e.g., trauma and burns, laryngeal edema,
and pharyngeal swelling); and airway compromise, often
in the setting of neurologic injury or profound central
nervous system depression with loss of protective reflexes,
including gag and cough. A patent airway should be guar-
anteed early, even before the demonstration of attendant
hypercapnia. Because intubation is often difficult in pa-
tients with anatomic upper-airway obstruction, the assis-
tance of an anesthesiologist or otolaryngologist well
trained in airway management is helpful. Intubation over a
fiberoptic bronchoscope may also be considered.

Determining whether mechanical ventilation is required
in the patient with an exacerbation of airflow obstruction
remains problematic. Based on several case series, there is a

concern that mechanical ventilation may worsen outcomes
independent of severity of disease, most likely secondary to
the hemodynamic consequences of positive pressure venti-
lation. Hypotension developing after the institution of pos-
itive pressure ventilation in the patient with severe airflow
obstruction is usually secondary to an intrinsic positive
end-expiratory pressure (PEEP) and, if not recognized, may
lead to cardiovascular collapse and death (see Chapter 23).
Endotracheal intubation also may cause or exacerbate
bronchospasm. Generally, it is appropriate to attempt to re-
verse airflow obstruction aggressively without instituting
mechanical ventilation. Because underlying chronic respi-
ratory failure may precede acute decompensation, there is
no single level of PaCO2 that necessitates mechanical venti-
lation; the serum pH is generally a better marker of the
acute severity of respiratory decompensation. However, se-
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Figure 24.1 Common radiographic manifestations of causes of acute respiratory failure. How-
ever, there may be substantial overlap and variation among these patterns. ARDS, acute respiratory
distress syndrome; BOOP, bronchiolitis obliterans with organizing pneumonia; COPD, chronic 
obstructive pulmonary disease.
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rial arterial blood-gas measurements revealing progressive
hypercapnia and worsening acidosis are highly predictive
of impending respiratory collapse. Physical changes are
generally less reliable, as somnolence, decreasing respira-
tory rate, or a decrease in wheezing may signal either wors-
ening hypercapnia or a positive response to therapy. In the
cooperative patient with airflow obstruction, serial mea-
surement of the peak expiratory flow rate is a reasonable
noninvasive approach to assessing the effectiveness of ther-
apy (see Chapters 55 and 56).

In the patient with hypoxemia, mechanical ventilation
is absolutely required only if 100% inspired oxygen
concentration is inadequate to maintain oxygenation (sat-
urations �85%) and there is reason to believe that certain
features of positive pressure ventilation, such as PEEP, will
improve saturations. For example, abnormal oxygenation
in diffuse lung injury is usually responsive to PEEP. If oxy-
genation is clearly and rapidly worsening in the face of
diffuse pulmonary infiltrates, intubation and mechanical
ventilation should be considered early in the course, as
waiting until saturations are inadequate on 100% oxygen
significantly increases the difficulty and risk of intubation.
By comparison, large intrapulmonary or intracardiac
shunts may result in severe hypoxemia that is minimally re-
sponsive to high-flow oxygen but also is unlikely to be im-
proved, and in fact may be worsened, with PEEP.

Given the inherent risks, discomfort, and costs of me-
chanical ventilation, noninvasive ventilation techniques
have become increasingly common over the past decade
(see Chapter 23). Noninvasive ventilation may include
inspiratory assistance (analogous to pressure-support ven-
tilation), continuous positive airway pressure, or both.
Inspiratory assistance is particularly effective if fatigue or
neuromuscular weakness is causing or complicating respi-

ratory compromise. Continuous positive airway pressure
provides “distending” pressure at end-exhalation, and may
both improve ventilation–perfusion matching and increase
lung volumes throughout the respiratory cycle, thereby de-
creasing airway resistance.

There is now good evidence to support the use of
noninvasive ventilation for acute exacerbations of COPD,
pulmonary edema, and pulmonary contusions (2). Addi-
tionally, some reports suggest that this technique may be
efficacious in postoperative respiratory insufficiency and
acute exacerbations of cystic fibrosis. Weaning mechani-
cally ventilated patients to noninvasive ventilation appears
to decrease the incidence of ventilator-associated pneumo-
nia (see Chapter 66) (3). On the other hand, noninvasive
mechanical ventilation is not effective in acute hypoxemic
respiratory failure (i.e., impending ARDS).

INDICATIONS FOR EARLY
CONSULTATION

Because appropriate therapy cannot be provided in the ab-
sence of an accurate diagnosis, respiratory failure of unclear
cause is an indication for early pulmonary consultation.
Respiratory failure associated with diffuse infiltrates seen
on chest radiograph without evidence of heart failure has a
wide differential diagnosis. Early bronchoscopy may be in-
dicated to exclude viral pneumonitis, P. jirovecii pneumo-
nia, pulmonary hemorrhage, hypersensitivity pneumoni-
tis, and acute eosinophilic pneumonia. If bronchoscopy is
unrevealing, open lung biopsy is indicated in specific situ-
ations (Table 24.3).

In the mechanically ventilated patient, hemodynamic
instability may be secondary to ventilator effects, such as
intrinsic PEEP and barotrauma. If the treating physician
does not have the expertise to detect and deal with these
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TABLE 24.2
CAUSES OF DIFFUSE LUNG INJURY BESIDES
ACUTE RESPIRATORY DISTRESS SYNDROME

Acute eosinophilic pneumonia
Bacterial pneumonia

Mycoplasma
Fungal pneumonia

Pneumocystis jirovecii
Viral pneumonitis

Varicella
Adenovirus
Respiratory syncitial virus

Drug effect
Hypersensitivity (e.g., nitrofurantoin)
Cytotoxic (e.g., busulfan)

Pulmonary hemorrhage
Bronchiolitis obliterans with organizing pneumonia (BOOP)
Collagen–vascular disease
Vasculitis
Fat emboli

TABLE 24.3
INDICATIONS FOR BRONCHOSCOPY AND 
OPEN LUNG BIOPSY IN PATIENTS WITH 
ACUTE RESPIRATORY FAILURE

Consider fiber-optic bronchoscopy for patients:
With focal infiltrates and:

Immunocompromise
Failure to respond to empiric antibiotics
Risk or suspicion of endobronchial lesion or foreign body
Mucus plugging/lobar collapse not responsive to chest 

physiotherapy
Hemoptysis

With diffuse infiltrates and:
Immunocompromise
No risk factor for acute respiratory distress syndrome

Consider open lung biopsy in cases in which fiberoptic 
bronchoscopy is unrevealing
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complications directly, then emergent consultation is indi-
cated. Likewise, persistent hypoxemia on high fractions of
inspired oxygen (�80%) or high static pressures (�35 cm
H2O) should precipitate a pulmonary consultation, as ad-
vanced ventilator strategies likely are required.

ISSUES DURING THE COURSE OF
HOSPITALIZATION

The course of acute respiratory failure depends primarily
on the underlying etiology. However, several general ob-
servations can be made regarding respiratory failure.

If the patient with respiratory compromise fails to im-
prove as expected, evaluation should focus on the likeli-
hood that the presumptive cause of respiratory collapse is
in error. For example, the patient with presumed bacterial
pneumonia who fails to respond to antibiotics over 72
hours requires a careful evaluation for other possible
causes, both infectious and noninfectious, of hypoxemia
and a focal infiltrate. Pulmonary consultation, both for an
expanded differential diagnosis and for possible bron-
choscopy, is generally indicated.

Respiratory failure may also fail to respond to seemingly
appropriate therapy because of the development of an ad-
ditional cause of respiratory compromise. ARDS, for in-
stance, may occur in a significant percentage of patients
with bacterial pneumonia and lead to a protracted course
of mechanical ventilation. Likewise, both pulmonary em-
bolism and nosocomial pneumonia may complicate the
hospital course of any patient.

The conclusion that a protracted course of respiratory
failure represents the inexorable progression of a chronic
pulmonary disease (such as COPD or cystic fibrosis) is gen-
erally a process of excluding other diagnoses. Knowledge of
the natural history and outcomes of mechanical ventilation
for specific disease states is imperative. Most patients who
require mechanical ventilation for even severe COPD can be
weaned successfully (4); however the prognosis of patients
who require mechanical ventilation for cystic fibrosis is very
poor. Respiratory failure in association with hematologic
malignancy, and in particular in the course of bone-marrow
transplantation, portends a very poor prognosis. Outcomes
for many other causes of respiratory failure are less pre-
dictable and mortality estimates are often moving targets.

DISCHARGE ISSUES

Guidelines and disease-management strategies have been
proposed for specific causes of respiratory failure, including
asthma, COPD, and community-acquired pneumonia. In
general, discharge should be considered when ventilatory
status has returned to near-baseline. Persistent hypoxemia
alone does not preclude discharge, as home oxygen therapy
is widely available. An oxygen saturation of less than 88%

or an arterial partial pressure of oxygen less than 55 mm
Hg, either at rest, nocturnally, or with exercise, is an indi-
cation for outpatient oxygen therapy. For all patients with
an acute illness, such as pneumonia, and even those with
an exacerbation of an underlying illness, such as emphy-
sema, reassessment of oxygen requirements should take
place on a regular basis after discharge. Half the patients
who require the initiation of oxygen therapy at the time of
hospital discharge after an exacerbation of COPD no
longer meet criteria for oxygen therapy 1 month later.

Likewise, the need for chest physiotherapy or noninva-
sive ventilatory assistance does not preclude discharge to
home. Multiple devices and techniques are available to en-
able patients to mobilize secretions, and collaboration with
a pulmonologist, nurse, or respiratory therapist familiar
with these techniques can facilitate early and safe discharge.
Similarly, a variety of ventilatory assist devices, including
noninvasive portable ventilators, may allow the patient
with chronic respiratory failure, especially that resulting
from neuromuscular weakness, to function well at home.

Discharge for patients with prolonged respiratory failure
has changed over the past several years. Previously, most
mechanically ventilated patients with ongoing medical
problems were relegated to the ICUs of acute care hospitals.
Largely because of anomalies in Medicare reimbursement,
however, facilities specializing in the care of patients un-
dergoing long-term ventilation and other chronically, criti-
cally ill patients have arisen in many parts of the United
States. Optimally, these facilities provide respiratory care
and nursing services similar to ICUs, with an additional
emphasis on rehabilitation and the psychological and
social needs of patients and families. Quality remains vari-
able, however, and recent revisions in Medicare reimburse-
ment have put economic strains on these institutions. Still,
they remain a viable alternative to lengthy stays in the ICU
of an acute care hospital.

ACUTE RESPIRATORY FAILURE
PRESENTING DURING
HOSPITALIZATION

Respiratory compromise may develop in the hospitalized
patient because of any of the factors that lead to an initial
outpatient presentation with acute respiratory failure. A
few causes, however, account for the majority of such cases
(Table 24.4). For example, the immobility that often
accompanies illness puts patients at significant risk for pul-
monary thromboembolic disease, which should be an ini-
tial consideration in any inpatient who develops dyspnea,
tachypnea, chest pain, or hypoxemia (see Chapter 53).

Inpatients are also at increased risk for developing aspi-
ration, which may precipitate respiratory failure directly or
through the development of ARDS or nosocomial pneumo-
nia. The risk factors for aspiration include impaired
consciousness, swallowing disorders, and upper-airway in-
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strumentation, including nasogastric and endotracheal
tubes. The intubated patient runs a 1%–3% risk per day of
developing ventilator-associated pneumonia (see Chapter
66), which is associated with an increased mortality rate and
increased hospital costs. Several maneuvers have been sug-
gested to minimize colonization, aspiration, and ventilator-
associated pneumonia, including semirecumbent position-
ing, early enteral feeding, and the use of sucralfate rather
than H2 antagonists for ulcer prophylaxis, but the available
studies have been small and not always well controlled. Var-
ious devices that provide suctioning of oropharyngeal con-
tents above the cuff of the endotracheal tube show promise
but have not been tested rigorously. Interestingly, frequent
changing of the ventilator circuits appears to increase the
risk of ventilator-associated pneumonia, and respiratory
care protocols that require routine changes more often than
every 2 weeks should be reexamined.

A number of iatrogenic causes of respiratory compro-
mise must be considered in hospitalized patients. Opiates
are profound respiratory depressants, and injudicious use
may lead to respiratory arrest. Laryngeal edema is a rare but
life-threatening complication of multiple medications, par-
ticularly angiotensin-converting enzyme inhibitors. Ana-
phylaxis also may be caused by many medications (see
Chapter 120). Hypersensitivity pneumonitis caused by
medications can develop over several days and result in res-
piratory compromise and diffuse pulmonary infiltrates.

ARDS is a frequent cause of acute respiratory failure in
patients admitted with other serious illnesses or injuries.
ARDS represents a diffuse and nonspecific lung-injury pat-
tern, usually developing under the conditions that precipi-
tate a systemic inflammatory response (Table 24.5).

ARDS generally develops within 24–72 hours of the on-
set of the inciting illness or injury. The clinical presentation
is increasing respiratory distress with tachypnea and hy-
poxemia. The chest radiograph reveals diffuse pulmonary
infiltrates, consistent with pulmonary edema, so the pre-
sumptive diagnosis of ARDS cannot be made in the setting

of volume overload or left heart failure. Measurement of
the pulmonary capillary wedge pressure (see Chapter 25)
can help distinguish ARDS from volume overload and car-
diogenic pulmonary edema. In patients requiring mechan-
ical ventilation, lung compliance is usually low (�30
mL/cm H2O) and minute ventilation is usually signifi-
cantly elevated (�15 L) in ARDS, although these findings
are not necessary to make the diagnosis.

Preventing ARDS in individuals at risk has proven elu-
sive, and the management of patients with ARDS remains
primarily supportive. A large, multi-centered randomized
trial comparing mechanical ventilation with low tidal vol-
umes (6 mL/kg of ideal body weight) versus high tidal vol-
umes (12 mL/kg of ideal body weight) demonstrated a sig-
nificant (approximately 25%) reduction in mortality in
ARDS patients with the low tidal volume stategy (5). Spe-
cific therapies to aid in lung healing or function, including
exogenous surfactant, inhaled nitric oxide, and the early use
of systemic corticosteroids, have not been demonstrated to
decrease the mortality rate. Nonetheless, the survival rate for
patients with ARDS has improved significantly over the past
decade and is currently in the range of 60%–65% (6). The
vast majority of patients with ARDS who do not survive die
either of their presenting illnesses or after developing sepsis
or multiorgan failure. The initial severity of hypoxemia does
not predict outcome and, somewhat counterintuitively, the
longer a patient remains on mechanical ventilation the
higher the survival rate. Thus, the care of the patient with
ARDS is aimed primarily at avoiding complications, partic-
ularly infection and additional organ failure. Barotrauma is
a common complication of ARDS, but the development of
pneumothorax or other types of air leaks does not appear to
affect the mortality rate significantly.

In general, the long-term prognosis for survivors of ARDS
is good. Although initial pulmonary-function testing is likely
to reveal some evidence of restrictive physiology (a reduced
total lung capacity), recovery of pulmonary function is usu-
ally complete, or nearly complete, 6 months after hospital
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TABLE 24.4
COMMON CAUSES OF RESPIRATORY
COMPROMISE IN HOSPITALIZED PATIENTS

Pulmonary embolism
Aspiration of gastric contents
Nosocomial/ventilator-associated pneumonia
Acute respiratory distress syndrome
Iatrogenic causes

Oversedation
Volume overload

Drug reaction
Hypersensitivity pneumonitis
Laryngeal edema
Anaphylaxis

TABLE 24.5
COMMON RISK FACTORS FOR THE
DEVELOPMENT OF ACUTE RESPIRATORY
DISTRESS SYNDROME

Infection
Sepsis
Pneumonia

Trauma
Pulmonary contusion
Multiple fractures

Aspiration
Multiple transfusions (�10 units)
Near drowning
Pancreatitis
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■ Empiric therapy for the most likely cause of respiratory
compromise in an individual patient is generally appro-
priate, but failure to respond as expected should precip-
itate an evaluation for alternative or contributory causes.

■ The incidence of respiratory failure developing in hos-
pitalized patients can be reduced with specific inter-
ventions designed to prevent deep venous thrombosis,
aspiration, and ventilator-associated pneumonia.

■ The survival rate in ARDS is improving, though care re-
mains largely supportive. Lower tidal volumes improve
outcome compared with traditional tidal volumes. The
avoidance and prompt treatment of complications, par-
ticularly secondary infections and additional organ fail-
ure, are of paramount importance.

REFERENCES

1. Mueller C, Scholer A, Lanle-Kilian K, et al. Use of B-type natri-
uretic peptide in the evaluation and management of acute 
dyspnea. N Engl J Med 2004;350:647–654.

2. Peter JV, Moran JL, Phillips-Hughes J, Warn D. Noninvasive ven-
tilation in acute respiratory failure-a meta-analytic update. Crit
Care Med 2002;30:555–562.

3. Nava S, Ambrosino N, Clini E, et al. Noninvasive mechanical ven-
tilation in the weaning of patients with respiratory failure due to
chronic obstructive pulmonary disease. A randomized, controlled
trial. Ann Intern Med 1998;128:721–728.

4. Breen D, Churches T, Hawker F, Torzillo PJ. Acute respiratory fail-
ure secondary to chronic obstructive pulmonary disease treated in
the intensive care unit: a long term follow up study. Thorax
2002;57:29–33.

5. Acute Respiratory Distress Network. Ventilation with lower tidal
volumes as compared with traditional tidal volumes for acute
lung injury and the acute respiratory distress syndrome. N Engl J
Med 2000;342:1301–1308.

6. Milberg JA, Davis DR, Steinberg KP, et al. Improved survival of pa-
tients with acute respiratory distress syndrome (ARDS):
1983–1993. JAMA 1995;273:306–309.

7. Herridge MS, Cheung AM, Tansey CM, et al. One-year outcomes
in survivors of the acute respiratory adult distress syndrome. N
Engl J Med 2003;348:683–693.

8. Davidson TA, Caldwell ES, Curtis JR, et al. Reduced quality of life
in survivors of acute respiratory distress syndrome compared with
critically ill control patients. JAMA 1999;281:354–360.

9. Meduri GU, Headley AS, Golden E, et al. Effect of prolonged
methylprednisolone therapy in unresolving acute respiratory dis-
tress syndrome: a randomized controlled trial. JAMA 1998;280:
159–165.

10. Rubenfeld GD, Caldwell ES, Steinberg KP, et al. Persistent lung in-
jury and ICU resource utilization. Am J Respir Crit Care Medicine
1998;157:PA498.

ADDITIONAL READING

Adrogue HJ, Madias NE. Management of life-threatening acid-base
disorders: first of two parts. N Engl J Med 1998;338:26–34.

Pierson DJ. Indications for mechanical ventilation in adults with res-
piratory failure. Respir Care 2002;47:249–262.

Schmidt GA, Hall JB, Wood LDH. Ventilatory Failure. In Murray JF,
Nadel JA, eds. Textbook of Respiratory Medicine, 2nd ed. Philadel-
phia: W.B. Saunders, 2000.

190 Section II: Critical Care Medicine

discharge. However, exercise capacity (measured by a 6
minute walk) and health-related quality of life frequently re-
main diminished for at least 1 year after ICU discharge (7, 8).
It has been suggested that the institution of corticosteroids
late in the course of severe, persistent ARDS may improve
outcome (9) and ameliorate the development of irreversible
fibrosis, but this therapy may also increase the likelihood
and severity of neuromuscular sequelae, such as critical-ill-
ness polyneuropathy and myopathy. We do not presently
recommend routine use of corticosteroids in late ARDS.

COST CONSIDERATION AND
RESOURCE USE

Although data regarding the costs of acute respiratory fail-
ure are limited, several considerations warrant mention.
First, the use of noninvasive rather than standard endotra-
cheal mechanical ventilation may not have a profound im-
pact on costs. Because the vast majority of patients on non-
invasive positive pressure ventilation (NIPPV) require ICU
monitoring, at least initially, physician, nursing, and respi-
ratory care costs are high. Secondly, although patients with
persistent respiratory failure (�7 days on mechanical ven-
tilation) represent less than 10% of all ICU patients, they
account for one-quarter to one-third of total ICU costs
(10). Thus, the prevention of respiratory failure, particu-
larly nosocomial pneumonia and ARDS, will provide sig-
nificant cost savings.

Considerable interest in weaning from mechanical ven-
tilation also may be driven by cost concerns, although mul-
tiple studies suggest that the ventilator mode used during
weaning is nearly irrelevant for the vast majority of pa-
tients, and that physicians’ failure to recognize that patients
can be liberated safely from mechanical ventilation is the
primary cause of unnecessary days of mechanical ventila-
tion (see Chapter 23). Daily weaning parameters or T-piece
trials, undertaken by respiratory therapists according to
protocol, on all patients with moderate amounts of sup-
plemental oxygen (�50%), low PEEP �5 cm H2O), and
reasonable minute-ventilation requirements (�12 L) may
prove to be cost-effective. Weaning certain ventilator-de-
pendent COPD patients to noninvasive ventilation de-
creases the incidence of ventilator-associated pneumonia
and reduces length of stay in the ICU (3). This technique
may be applicable to other causes of respiratory failure as
well.

KEY POINTS

■ Respiratory compromise has myriad causes, and appro-
priate therapy depends upon the accurate and timely de-
termination of cause and severity.
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Hypotension, Shock,

and Multiple Organ

Failure
Bradley D. Freeman Charles Natanson

INTRODUCTION

Hypotension, shock, and multiorgan dysfunction are com-
monly encountered and potentially lethal clinical prob-
lems. This chapter reviews the classification and differential
diagnosis of shock, the approach to management of the pa-
tient with hemodynamic instability, and recent advances
that may decrease morbidity and improve survival in these
critically ill patients.

DEFINITION AND CLASSIFICATION
OF SHOCK

Though a number of definitions for shock are commonly
used, the most practical describes an acute syndrome initi-
ated by ineffective perfusion and resulting in severe organ
dysfunction. Many conditions can result in shock (Table
25.1). In a given patient, the cause may be apparent (e.g.,
hypotension in a patient with massive upper-gastrointesti-
nal hemorrhage), unclear (e.g., patients with pulmonary
embolism, cardiac tamponade, or adrenal insufficiency), or
attributable to multiple factors (e.g., a patient with multi-
ple trauma who develops myocardial ischemia and severe
infection). It is useful to classify shock as either hypovolemic,
cardiogenic, extracardiac obstructive, or distributive (Figure
25.1).

Hypovolemic (or oligemic) shock can occur by any mecha-
nism that decreases intravascular volume, including hem-
orrhage or fluid loss from the gastrointestinal tract (diar-

rhea, vomiting), urinary tract (diabetic ketoacidosis, dia-
betes insipidus, excessive diuretic therapy), or skin (burns,
extensive desquamation) or into a “third” space (e.g., peri-
tonitis, pancreatitis, postsurgical fluxes). In early stages,
compensatory increases in heart rate, peripheral vascular
resistance, and myocardial contractility may preserve
cardiac and cerebral perfusion. Ultimately, however, the
typical hemodynamic picture of shock develops, and is
characterized by decreases in mean arterial pressure, stroke
volume, and cardiac output (Table 25.2).

Cardiogenic shock is most commonly a consequence of
myocardial ischemia or infarction, though other potential
causes include cardiomyopathy, arrhythmia, and valvular
heart disease. Cardiogenic shock and hypovolemic shock
may appear similar hemodynamically, except that cardio-
genic shock is associated with elevated central filling pres-
sures and the typical physical findings of jugular venous
distention and pulmonary edema. Right-heart catheteriza-
tion in the setting of cardiogenic shock typically demon-
strates a low cardiac index (�2.0 L/min/m2; normal:
3.0–5.0 L/min/m2) and elevated pulmonary capillary
wedge pressure (17–20 cm H2O; normal: 5–12 cm H2O).

Extracardiac obstructive shock results from physical im-
pairment of adequate forward circulatory flow involving
mechanisms other than primary myocardial or valvular ap-
paratus dysfunction. The result is reduced cardiac filling
and low cardiac output. Causes include impaired diastolic
ventricular filling (e.g., pericardial tamponade, pneumo-
thorax, constrictive pericarditis, extrinsic compression of
mediastinal vessels) and increased pulmonary or systemic

25
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TABLE 25.1
DIFFERENTIAL DIAGNOSIS OF SHOCK

Hypovolemic (oligemic) Extracardiac obstructive Cardiogenic Distributive

Hemorrhagic Extrinsic vascular compression Myocardial Infection/inflammatory
Trauma Mediastinal tumors Infarction tissue injury
Gastrointestinal Increased intrathoracic pressure Myocarditis Sepsis

Nonhemorrhagic Tension pneumothorax Cardiomyopathy Pancreatitis
Dehydration Positive-pressure ventilation Pharmacologic/toxic Trauma
Vomiting Intrinsic vascular flow obstruction �-blockers, Calcium Burns
Diarrhea Pulmonary embolism channel blockers, etc. Anaphylactic
Burns Air embolism Intrinsic depression Envenomation, medication
Polyuria Tumors SIRS-related, acidosis, etc. Neurogenic
Diuretic use, diabetes Aortic dissection Mechanical Spinal-cord trauma

insipidus, etc. Acute pulmonary hypertension Valvular/dynamic stenosis Endocrine
Third-space losses Pericardial tamponade Valvular regurgitation Adrenal insufficiency

Peritonitis, ascites Pericarditis Ventricular septal defects
Ventricular aneurysms

Arrhythmias

SIRS, Systemic Inflammatory Response Syndrome.
Modified from Jiminez EJ. Shock. In: Civetta JM, ed. Critical Care. Philadelphia: Lippincott-Raven, 1997:361, with permission.
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Figure 25.1 The different types of shock. Cardiogenic, extracardiac obstructive, and oligemic
shock are characterized by a low cardiac output state causing hypotension. In contrast, in distributive
shock, cardiac output usually is preserved or elevated, and hypotension results from a profound
decrease in systemic vascular resistance. Myocardial dysfunction is common in sepsis, but cardiac out-
put can be high or normal due to the low SVR. MAP, mean arterial pressure; SVR, systemic vascular
resistance. (Adapted from Natanson C, Hoffman WD. Septic shock and other forms of shock. In:
Parrillo JE, ed. Current Therapy in Critical Care Medicine, 2nd ed. Philadelphia: B.C. Decker, 1991.) 

vascular resistance (e.g., massive pulmonary embolism,
acute pulmonary hypertension, aortic dissection).

Distributive shock describes a hemodynamic state caused
by loss of vasomotor control resulting in arteriolar and
venular dilatation. The hemodynamic profile is typified
by an elevated cardiac output, normal to low central
venous and pulmonary capillary occlusion pressures, de-

creased systemic vascular resistance, and hypotension.
This form of shock is most commonly associated with
sepsis, though it also describes the hemodynamic changes
resulting from adrenal insufficiency, hyperthyroidism,
anaphylaxis, hepatic failure, and neurogenic dysfunction
(particularly following spinal or epidural anesthesia, or
spinal cord injury).
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PRINCIPLES OF INITIAL RESUSCITATION

The patient in shock requires a rapid assessment including
a pertinent history and physical examination, adequate in-
travenous access (such as 2 large bore 14g or 16g peripheral
catheters), laboratory studies, an electrocardiogram, a chest
radiograph, supplemental oxygen therapy, and usually
transfer to either an intensive care or intermediate care
(“step down”) unit. If substantial hemorrhage is suspected,
a blood sample should be obtained for typing and cross-
matching of blood for emergent infusion, and the patient’s
coagulation status should be assessed and corrected as ap-
propriate. In selected settings, such as profound hemor-
rhagic shock, fluid resuscitation may be most efficiently
achieved with the use of a large bore central venous cather
(such as a Cordis catheter) and rapid fluid infusion devices.
Specific documented or suggested causes must be ad-
dressed emergently (see Chapters 26, 38, 43, 53, and 78);
empiric antibiotics are critical if sepsis may be a factor. Re-
gardless of etiology, some basic concepts concerning initial
shock treatment—including fluid resuscitation, and use of
vasoactive drugs, and invasive monitoring devices—are
generally applicable to all patients.

FLUID RESUSCITATION

The initial treatment of shock centers on optimizing in-
travascular volume. Except for cardiogenic shock, in which
fluid overload may exist at the time of presentation, fluid
administration is the most important initial therapy in
shock (Table 25.3). Debate persists regarding the optimal
type of fluid for resuscitation (e.g., crystalloids, colloids, or
hypertonic solutions).

Crystalloids contain sodium as the major osmotically
active particle and have the principal advantage of being
readily available and inexpensive. Crystalloids distribute
uniformly throughout the extracellular fluid compartment,
so that only 25% of the total volume infused remains in the
intravascular space. Commonly used crystalloids are lac-
tated Ringer’s solution and normal saline (0.9% NaCl). The
principal difference is that lactated Ringer’s solution con-
tains potassium chloride and a bicarbonate precursor.
Ringer’s and normal saline may be used interchangeably,
except that the latter should be used in patients with signif-
icant hyperkalemia or severe metabolic alkalosis. Hyper-
tonic saline solutions are appealing for patients with shock or
burns because, relative to isotonic crystalloids, smaller
quantities are required initially for resuscitation, owing to
their ability to expand intravascular volume more rapidly.
However, the intravascular hypertonic benefit rapidly dissi-
pates as the fluid redistributes between the intravascular
and extravascular spaces. Side effects associated with the
use of hypertonic solutions include hypernatremia, hyper-
osmolality, and hyperchloremia. To date, hypertonic
agents have not been demonstrated to have any clear sur-
vival advantage over standard intravenous solutions (1).

Hypotonic solutions (D5W, 0.45% NaCl) distribute
throughout the total body water compartment and expand
the intravascular compartment by as little as 10% of the
volume infused. Although these solutions are useful for re-
placing free-water deficits, they should not be used for fluid
resuscitation in shock, because of their negligible effect on
intravascular volume.

Colloid solutions (albumin, dextran, hydroxyethyl starch)
contain high–molecular-weight substances that do not
readily migrate across capillary walls. The use of colloids
often is considered if crystalloids fail to sustain plasma
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TABLE 25.2
COMMON HEMODYNAMIC PATTERNS IN SHOCK

Cardiac Systemic vascular Pulmonary capillary Central venous
Type outputa resistanceb wedge pressurec pressured

Hypovolemic ↓ ↑ ↓ ↓
Cardiogenic

Left-ventricular myocardial infarction ↓ ↑ ↑ ↔, ↑
Right-ventricular myocardial infarction ↓ ↑ ↔, ↓ ↑

Extracardiac obstructive
Pericardial tamponade ↓ ↑ ↑ ↑
Massive pulmonary embolism ↓ ↑ ↔, ↓ ↑

Distributive
Early ↔, ↓, ↑ ↔, ↓, ↑ ↔ ↔, ↑
Late ↓ ↑ ↔ ↔

a Normal � 4.0–6.0 L/min.
b Normal � 700–1,600 dyne/s/cm2.
c Normal � 3–8 mm Hg.
d Normal � 2–5 mm Hg.
Modified from Jiminez EJ. Shock. In: Civetta JM, ed. Critical Care. Philadelphia: Lippincott-Raven, 1997:361, with permission.
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volume, potentially because of the low colloid osmotic
pressure of crystalloids.

Although albumin preparations ultimately distribute
throughout the extravascular space, the initial volume of
distribution is the vascular compartment. The result can be
more rapid restoration of intravascular volume than seen
with crystalloid use. Both 25% albumin (100 mL) and 5%
albumin (500 mL) preparations expand the intravascular
volume by an equivalent amount (450–500 mL). Albumin
preparations may offer less benefit to patients with ade-
quate colloid oncotic pressure (serum albumin �2.5
mg/dL, total protein �5 mg/dL). The cost per unit volume
of albumin is substantially greater than the cost of the
intravascular volume-equivalent amount of crystalloid
solutions. Because of cost considerations, albumin prepa-
rations should be used judiciously.

A number of synthetic colloid solutions have been de-
veloped. Dextran is a synthetic glucose polymer that under-
goes predominantly renal elimination. Dextran solutions
expand the intravascular volume by an amount equal to the
volume infused. Side effects include renal failure, osmotic
diuresis, coagulopathy, and laboratory abnormalities (i.e.,
elevations in blood glucose and protein, interference with
blood cross-matching). Dextran 40 and Dextran 70 are
used most commonly for acute volume expansion.
Hydroxyethyl starch (hetastarch) is a glycogen-like synthetic
molecule that is available as 6% solution in 0.9% NaCl. In-
fusion of hetastarch, like 5% albumin, increases the in-
travascular volume by an amount equal to or greater than
the volume infused. Whether colloid solutions provide a
clinical benefit over crystalloid solutions for resuscitation
remains a vigorously debated question (2–5).

Because of the risk of transmission of blood-borne
pathogens as well as the logistic problems associated with
acquiring, storing, and screening blood products, blood sub-
stitutes, such as stroma-free hemoglobin, have been devel-
oped. At the time of this writing, however, none of these
products have been approved by the U.S. Food and Drug
Administration for clinical use.

Suggested Approach to the Initial Fluid
Management of the Patient with Shock

Initial resuscitation of the patient in noncardiogenic shock
begins with rapid fluid infusion. Frequently, it is necessary
to infuse a bolus of 2–3 L of crystalloids to restore blood
pressure and peripheral perfusion. This aggressive fluid re-
suscitation supports the patient’s blood pressure, cardiac
output, and perfusion in the early stages of shock while the
underlying cause is sought and more definitive therapy is
instituted. The patient with acute blood loss resuscitated
without blood replacement requires a volume of crystalloid
equivalent to approximately four times the volume of
blood lost. For example, approximately 2,000 ml of crys-
talloid solution is required to compensate for a 500
milliliter blood loss. In the setting of acute massive blood
loss, the administration of non-type-specific blood (e.g.,
type O) should be considered, if type-specific blood is not
immediately available. Although the early use of colloids in
the resuscitation regimen may result in the more prompt
restoration of tissue perfusion and may lessen the total vol-
ume of fluid required for resuscitation, no data support any
improvement in outcome compared with crystalloid infu-
sion alone.
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TABLE 25.3
COMPOSITION OF COMMONLY USED PARENTERAL FLUIDS

Solutions Na� K� Ca2� Mg2� Cl� HCO3
� (as lactate) Dextrose (g/L) mOsm/L

Extracellular fluid 142 4 5 3 103 27 280–310
Lactated Ringer’s 130 4 3 109 28 273
0.9% NaCl 154 154 308
0.45% NaCl 77 77 154
D5W (5% dextrose

in water) 50 252
D5/0.45% NaCl 77 77 50 406
D5LR 130 4 3 109 28 50 525
3% NaCl 513 513 1,026
7.5% NaCl 1,283 1,283 2,567
6% Hetastarch 154 154 310
10% Dextran 40a 0/154 0/154 300
6% Dextran 70a 0/154 0/154 300
5% Albumin 130–160 �2.5 130–160 330
25% Albumin 130–160 �2.5 130–160 330

Note: Electrolyte concentrations in mmol/L.
a Dextran solutions available in 5% dextrose or 0.9% NaCl.
Modified from Freeman BD, Buchman TG. Fluids, electrolytes, and acid–base disorders. In Doherty GM, ed. Washington Manual of Surgery. Boston:
Little, Brown and Co., 1997, with permission.
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Patients who receive large volumes of intravenous fluids
may develop coagulopathy, due principally to dilution
and hypothermia. Accordingly, coagulation profiles and
platelet counts should be monitored and corrected as nec-
essary, particularly in patients who have ongoing blood
loss or in whom invasive procedures are planned. Simi-
larly, core temperatures should be monitored, and mild
degrees of hypothermia (T�36°C) should be treated by ex-
ternal warming and infusion of warm fluids.

VASOPRESSOR THERAPY

In addition to fluid administration, pharmacologic support
of blood pressure with vasopressor agents (Table 25.4) is
frequently necessary in both the initial resuscitation and
subsequent support of patients with shock.

Norepinephrine is a catecholamine vasopressor with both
�- and �-adrenergic effects. At low doses, norepinephrine
has a positive inotropic effect. However, with increasing
doses, its vasoconstrictive effects outweigh its inotropic
effects, and cardiac output may decrease as a consequence
of increased afterload. A potential adverse effect of nor-
epinephrine is profound vasoconstriction, resulting in
hypoperfusion and ischemia. In practical terms, nor-
epinephrine at moderate dosages (1–4 mcg/min) has the
ability to increase systemic pressure while maintaining or
increasing cardiac performance; because of its marked abil-
ity to increase systemic pressure, norepinephrine is becom-
ing the most frequently used pressor for the initial therapy
of shock. It is also commonly used as an adjunct to other va-

sopressors with predominately �-activity, such as
dobutamine, in cases of refractory shock. Norepinephrine
infusions typically begin at 1 mcg/min and are titrated to the
desired effect. The usual dosage range is 2–4 mcg/min, with
an upper limit typically of 12 mcg/min.

Dopamine is an endogenous catecholamine and neuro-
transmitter. When administered intravenously, its cardio-
vascular effects are dose-dependent and reflect the relative
degrees of stimulation of the sympathomimetic (�- and 
�-) and dopaminergic receptors. At low doses (1–2
mcg/kg/min), dopamine selectively activates dopaminergic
receptors in the renal, mesenteric, and cerebral circulations,
increasing perfusion to these regions. At intermediate doses
(2–10 mcg/kg/min), dopamine stimulates �-receptors in
the cardiac and peripheral circulations, producing a modest
inotropic effect. At higher doses (�10 mcg/kg/min),
dopamine stimulates �-receptors in the systemic circula-
tion, producing vasoconstriction. Dopamine is also com-
monly used for the initial management of circulatory
shock. Of note, clinicians frequently use dopamine at low
doses (“renal dose” dopamine, sometimes with other pres-
sors) in an attempt to maintain renal perfusion and pro-
mote urine output in patients with (or at risk for) acute
tubular necrosis. However, this application has not been
prospectively demonstrated to alter renal injury or patient
outcome (see Chapter 100).

Dobutamine, a synthetic catecholamine with predomi-
nately �1 (inotropic) but also weak �2 (vasodilatation)
activity, is often used for the management of low cardiac
output states caused by inadequate cardiac systolic func-
tion (e.g., low ejection fraction). Because dobutamine does
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TABLE 25.4
VASOPRESSORS COMMONLY USED IN THE MANAGEMENT OF SHOCK

Adrenergic effects

Drug Dosing � � Dopaminergic Indications

Norepinephrine 0.5–80 mcg/min 3� 2� 0 Initial emergency treatment of
hypotension (any cause, especially sepsis)

Dopamine 1–2 mcg/kg/min 1� 1� 3� Oliguria despite normal blood pressure
2–10 mcg/kg/min 2� 2� 3� Initial emergency treatment of hypotension
10–30 mcg/kg/min 3� 2� 3� (any cause) and alternative treatment for 

bradycardia
Dobutamine 2–30 mcg/kg/min 1� 3� 0 Cardiogenic shock and cardiogenic pulmonary

edema with marginal blood pressure
Epinephrine 0.5–1 mg (1:10,000) 1� 2� 0 Cardiac arrest

1–200 mcg/min 2� 3� 0 Severe hypotension and bradycardia
0.3–0.5 mg SQ (1:1,000) Anaphylaxis

Phenylephrine 20–200 mcg/min 3� 0 0 Distributive shock when no cardiac effect 
desired

Isoproterenol 2–10 mcg/min 0 3� 0 Refractory bradycardia
Amrinone Load: 0.75 mcg/kg over 3 min; 0 0 0 Cardiogenic shock, usually as a synergistic

infuse: 2–15 mcg/kg/min agent with dobutamine

Modified from Jiminez EJ. Shock. In: Civetta JM, ed. Critical Care. Philadelphia: Lippincott-Raven, 1997:363, with permission.
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not appreciably increase systolic pressure, it is not indi-
cated as monotherapy for patients with cardiogenic shock.
Further, it generally should not be used, even as combina-
tion therapy, in patients with cardiac failure secondary to
diastolic dysfunction or in patients with hypertrophic ob-
structive cardiomyopathy, because its �-sympathomimetic
effect may exacerbate these conditions. The usual dosage
range for dobutamine is 5–15 mcg/kg/min.

Epinephrine is an endogenous catecholamine. Given its
potency and potential for untoward effects (myocardial
ischemia, tachyarrhythmia, intracranial hemorrhage,
etc.), it is not used commonly as initial pharmacologic
support for shock in adults. As with dopamine,
epinephrine’s effects are largely dose-dependent (e.g., pri-
marily a �-agonist at low doses and an �-agonist at higher
doses). Epinephrine also inhibits the release of inflam-
matory mediators from immune cells in response to anti-
genic challenge, which may partially explain its beneficial
effect in the setting of anaphylaxis. Intravenous
epinephrine is indicated for the management of cardiac
arrest associated with pulseless ventricular tachycardia,
ventricular fibrillation, asystole, pulseless electrical activ-
ity (initial dose: 1 mg intravenously every 3–5 minutes),
and for severe anaphylactic reactions (initial dose: 3–5
mL of 1:10,000 solution [0.1 mg/mL] intravenously) (see
also Chapter 120).

Phenylephrine, a catecholamine with pure �-adrenergic
activity, is effective in the treatment of distributive shock
because it increases systolic blood pressure without pro-
ducing tachycardia. It should be used with caution in
patients with underlying cardiovascular dysfunction, how-
ever, because of the risk of precipitating ventricular failure.
Typical initial infusion rates are 20–40 mcg/min.

Amrinone is a phosphodiesterase inhibitor that has both
vasodilator and inotropic effects. These combined actions
produce an increase in cardiac output without an increase
in cardiac stroke work, an effect roughly equivalent to
dobutamine. Amrinone is indicated as single-agent therapy
in the management of low cardiac output states caused by
systolic heart failure. It is used most frequently as a second
agent that is added to dobutamine in cases of refractory
heart failure. Amrinone is given by loading with 0.75–1.5
mg/kg followed by an infusion rate of 5–10 mg/kg/min.
Because of excessive vasodilatation, amrinone may cause
hypotension, especially in hypovolemic patients.

Vasopressin, which is naturally secreted by the posterior
pituitary gland, possesses multiple physiologic effects
including vasoconstriction mediated by V1 receptors
present in numerous vascular beds. Circulating levels of
vasopressin appear to be depressed in shock. When
administered exogenously in “physiologic doses” (e.g.,
0.01–0.04 units/min), vasopressin is synergistic with
exogenous catecholamies, yielding a pressor effect with-
out evidence of organ hypoperfusion. When administered
at doses �0.04 units/min, the pressor effect of vaso-

pressin is associated with potentially deleterious renal,
mesenteric, and coronary vasoconstriction. Specific
recommendations regarding the routine use of this agent
for hemodynamic support await more thorough clinical
evaluation (6).

Suggested Approach to Initial
Vasopressor Therapy

The appropriate use of vasopressors frequently requires ac-
curate assessment of a patient’s cardiovascular status by ei-
ther invasive or noninvasive monitoring. It is not uncom-
mon, however, to institute vasopressor therapy in a patient
who remains hypotensive despite rapid fluid infusion and
for whom sophisticated monitoring is not immediately
available. If hypotension persists (e.g., mean arterial pres-
sure �60 mm Hg) despite aggressive fluid resuscitation, va-
sopressor therapy may be indicated. The use of an agent
with both �- and �-adrenergic activity, such as nor-
epinephrine or dopamine, is an appropriate initial choice:
These agents increase systemic pressure via their �-adrener-
gic effect and augment cardiac output via their �-adrenergic
effect. Vasopressors should be started in the therapeutic
range and then titrated to the desired hemodynamic effect
(e.g., mean arterial pressure 	60 mm Hg). Empiric vaso-
pressor use is continued until a more detailed assessment
of the patients’ cardiovascular status and the cause of shock
can guide targeted therapy.

INVASIVE MONITORING DEVICES

It is estimated that 1.2 million pulmonary artery catheters
are inserted annually in the United States, with an associ-
ated cost of $2 billion. Despite this pervasive use, disagree-
ment persists regarding clinical indications for pulmonary
artery catheters, the interpretation of data generated by
these devices, and the goals of therapy based on these data
(7). Randomized trials have shown no benefit for the rou-
tine use of pulmonary artery catheters in elderly patients
undergoing high-risk surgery (8) or in patients with shock
due to sepsis, the acute respiratory distress syndrome, or
both (9). In the latter study, only about 5% of patients ran-
domized to initial care without a pulmonary artery catheter
later received one for perceived clinical needs. Neither of
these studies linked pulmonary artery catheters to specific,
protocolized interventions, and earlier randomized trials of
goal-oriented hemodynamic therapy in critically ill pa-
tients have yielded conflicting results (10). Nevertheless,
ongoing trials are evaluating the combination of pul-
monary artery catheters with specific therapeutic protocols.
Furthermore, no trial has evaluated the utility of pul-
monary artery catheterization in shock of unknown cause.
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Use of the Echocardiography and/or
Pulmonary Artery Catheter to Determine the
Type of Shock

If a pulmonary artery catheter and/or echocardiography is
needed and used to determine the cause of shock in a
patient who otherwise has shock of unknown etiology, it
can reveal one of four hemodynamic profiles (Table
25.2).

Oligemic shock is typified by normal cardiac function, a
low cardiac output, low pulmonary capillary wedge
pressure, and elevated systemic vascular resistance. These
findings should prompt the clinician to consider the po-
tential causes of oligemia and to initiate or augment fluid
resuscitation.

Cardiogenic shock is indicated by markedly dimin-
ished cardiac function and output with elevations in sys-
temic vascular resistance, pulmonary capillary wedge pres-
sure, and central venous pressure. Mixed venous oxygen
saturation is typically low. Resuscitation should be di-
rected toward improving cardiac function by optimizing
preload and administering potent sympathomimetic
agents (e.g., dopamine alone or dopamine and dobu-
tamine in combination). Mechanical cardiac support (e.g.,
intra-aortic balloon counterpulsation or ventricular-assist
device) should be considered in refractory patients. (see
Chapter 39).

Extracardiac obstructive shock secondary to cardiac tam-
ponade is evidenced by typical echocardiographic findings,
diminished stroke volume with elevation and equalization
of cardiac filling pressures (i.e., central venous and pul-
monary capillary wedge pressure). Pericardial tamponade
requires emergent pericardiocentesis (Chapter 46). Alter-
natively, extracardiac obstructive shock as a consequence of
pulmonary embolism is suggested by diminished cardiac
output, elevated central venous and pulmonary artery dias-
tolic pressures, and normal or low pulmonary capillary
wedge pressure (Chapter 53). Empiric anticoagulant ther-
apy should be considered pending confirmation by appro-
priate diagnostic tests.

Distributive shock is suggested by decreased blood pres-
sure and systemic vascular resistance; normal, near-normal,
or supra-normal cardiac function, elevations in cardiac out-
put and mixed venous saturation, and normal pulmonary
capillary and central venous pressures. Because sepsis is a
frequent cause of distributive shock, this hemodynamic
profile suggests the need for rapid cultures, broad spectrum
antibiotics, and a thorough search for a site of infection
(see Chapter 26).

Use of Hemodynamic Endpoints to Guide
Fluid Therapy and Vasopressor Use

Patients with normal cardiac function generally should
receive intravenous fluids to achieve normal to slightly

elevated central venous and pulmonary capillary wedge
pressures (12–18 mm Hg). If hyopotension persists
despite achieving these resuscitation endpoints, vasopres-
sor therapy should be instituted because persistent infu-
sion of fluids alone to reverse shock may increase
intravascular pressure and produce complications of
volume overload (e.g., pulmonary edema). For patients
with poor cardiac performance and low cardiac output
(cardiac index �2.5 L/m2), an agent or agents should be
selected to provide both �- and �-adrenergic stimulation
(e.g., epinephrine, norepinephrine plus dobutamine, or
dopamine plus dobutamine) in an effort to enhance both
cardiac contractility and vascular tone. Conversely, for
patients with hypotension and preserved cardiac function
and output (cardiac index 	2.5 L/m2), agents with pre-
dominately �-adrenergic activity (e.g., norepinephrine,
phenylephrine) should be used to augment blood
pressure. These general recommendations may require
modification for patients with specific causes such as
myocardial infarction (Chapter 38) or pulmonary
embolism (Chapter 53). Because the risk:benefit ratio of
the pulmonary artery catheter in guiding ongoing
management is unclear and because this device has been
associated with long-term complications, it should only
be used when other methods are insufficient or the
patient is unstable hemodynamically. These indications
may broaden if ongoing randomized trials demonstrate
the catheter’s usefulness in other situations.

OTHER INTERVENTIONS THAT MAY BE
USEFUL IN PATIENTS WITH SHOCK OF
UNKNOWN CAUSE

If easily treatable causes of shock are not apparent, a lim-
ited differential diagnosis of potentially life threatening
conditions should be entertained. If either anaphylaxis or
acute adrenal insufficiency is a diagnostic consideration,
corticosteroids should be administered. These agents
should be given on a rapidly tapering schedule as the
patient stabilizes or as other causes of hemodynamic
compromise become apparent. For anaphylaxis, the rec-
ommended dose is hydrocortisone 300–500 mg intra-
venously every 6 hours or methylprednisolone 60–125 mg
intravenously every 6 hours, tapering either agent off in
48–72 hours (see Chapter 120). For adrenal insufficiency,
the recommended dose is hydrocortisone 100 mg intra-
venously every 6 hours (although higher doses sometimes
are given), tapered according to the patient’s response to ill-
ness (see Chapter 109).

Timely administration of antibiotics is essential to the
successful treatment of septic shock and should be con-
sidered whenever there is any suspicion of systemic infec-
tion, such as with fever, hyperdynamic cardiac profile,
obvious site of infection, or immunocompromise (see
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Chapter 26). Anticoagulation is essential in preventing
subsequent thromboemboli in patients with pulmonary
thromboembolism. Pending definitive diagnosis or exclu-
sion of pulmonary emboli, heparinization should be
considered if there is sufficient suspicion based on the
presence of predisposing factors or appropriate hemody-
namics (see Chapter 53).

Blood products should be administered early if the
hematocrit is reduced and occult hemorrhage possibly
underlies hemodynamic compromise. If hemodynamic
collapse occurs in patients who have undergone recent
percutaneous placement of central venous catheters, the
diagnosis of tension pneumothorax should be entertained;
needle decompression with a large bore (e.g., 14g) catheter
followed by tube thoracostomy placement is indicated. If a
patient may have pericardial tamponade, due to either
recent trauma, an invasive procedure, or preexisting peri-
cardial disease, echocardiography and rapid diagnosis and
therapy are lifesaving (Chapter 46).

ENDPOINTS OF RESUSCITATION: CAN
OUTCOME FROM SHOCK BE
IMPROVED?

One of the principal goals driving the timely resuscitation
of the patient with shock is to restore perfusion and prevent
organ injury. However, even with extraordinary efforts,
organ failure frequently occurs.

One hypothesis suggests that organ failure during critical
illness occurs as a consequence of inadequate oxygen deliv-
ery. Accordingly, a number of investigators have proposed
that patients should be resuscitated to elevated, or supra-
physiologic, hemodynamic endpoints so as to prevent
organ failure and improve outcome. Several trials testing
this hypothesis in patients following ICU admission failed
to demonstrate a benefit. A recent study, however, suggests
that therapy directed toward achieving normal hemody-
namic parameters, if implemented early after the diagnosis
of shock and prior to ICU admission, may improve survival
(11). In this study, patients with severe sepsis or septic
shock were randomized immediately following presenta-
tion to the emergency department to either conventional
therapy or early goal-directed therapy, which included fluid
resuscitation to achieve a CVP of 8–12 mm Hg, vasopressor
administration titrated to achieve a mean arterial pressure
of 65 mm Hg, and blood transfusion to achieve a central
venous O2 saturation of 70%. Patients assigned to standard
therapy received significantly less fluid resuscitation and
had significantly higher mortality rates. Whether this
approach can be generalized to other disease processes
remains unstudied, but the findings of this study support
appropriate early and aggressive resuscitation of patients
with shock.

KEY POINTS

The hemodynamically unstable patient is a challenging
clinical problem. The mechanisms by which hypotension
and shock ultimately result in organ failure are not fully
known. Although the approach to these patients must be
individualized based on specific cause, some basic princi-
ples apply to all patients:

■ The causes of shock can be categorized based on hemo-
dynamic profiles into hypovolemic, cardiac, extracardiac
obstructive, and distributive. This framework is particu-
larly helpful in the patient whose cause of shock is un-
clear or could be attributed to several potential causes.

■ The initial resuscitation of the patient with shock
should be directed at rapidly restoring circulating in-
travascular volume through the use of crystalloids, col-
loids, or blood products. In septic shock, inadequate
early fluid resuscitation appears to have an adverse ef-
fect on survival.

■ The use of vasopressors is essential for restoring systemic
perfusion if the patient does not respond quickly to
intravenous fluid therapy or is hemodynamically
labile. Although therapy must be individualized, nor-
epinephrine and dopamine, individually or in combina-
tion, are reasonable empiric choices. The titration of
these agents as well as the addition of other agents is
based on response to therapy and the acquisition of ad-
ditional clinical information.

■ Echocardiography and/or pulmonary artery catheters
can help determine the cause of shock and direct initial
therapy. If pulmonary artery catheters are used, the dura-
tion of catheterization should be limited to the mini-
mum required time.

■ The appropriate endpoints for resuscitation in the criti-
cally ill patient are normal values of oxygen delivery and
other hemodynamic variables, in conjunction with other
clinical evidence of adequate tissue perfusion (e.g., nor-
mal mentation, adequate urine production, clearance of
acidosis).
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Sepsis Syndrome
Todd W. Rice Gordon R. Bernard

INTRODUCTION

Sepsis syndrome, the body's systemic response to such dis-
parate infections as pneumonia, peritonitis, pyelonephri-
tis, and meningitis, is the leading cause of death in 
non-coronary intensive care units and the tenth leading
cause of death overall in the United States. Although recent
treatment advances have improved outcomes of patients
with sepsis, mortality rates still approach 30%–40%. In ad-
dition, the incidence of sepsis has steadily increased over
the past two decades due to increasing numbers of elderly
and immunocompromised patients, increasing use of im-
munosuppressive therapies, and increasingly widespread
use of invasive therapeutic and monitoring devices. Cur-
rent reports estimate that almost 700,000 cases of sepsis
occur in the United States each year (240 cases per 100,000
population) (1,2).

In general, the term sepsis refers to a systemic inflamma-
tory response syndrome (sometimes abbreviated as SIRS)
resulting from infection. When sepsis causes end-organ
dysfunction (renal, cardiovascular, hematologic, neuro-
logic, etc.), it is called severe sepsis; and when it causes arte-
rial hypotension and organ hypoperfusion, it is called septic
shock. Although the phrase "sepsis syndrome" can encom-
pass many different septic conditions, it is routinely used to
describe patients with severe sepsis or septic shock. The sys-
temic inflammatory response syndrome is not specific to
sepsis and can result from a variety of other patho-
physiologic mechanisms, such as hemorrhage, severe
dehydration, heart failure, pericardial tamponade, pancre-
atitis, or trauma, all of which can cause hypotension,
shock, and multiorgan system failure. Sepsis produces gen-
eralized endothelial dysfunction with resulting inflamma-
tion and altered coagulation (3). It is initiated by infection
with bacteria or other microorganisms. Then, it is mediated
by the effects of their various endo- and exotoxins, and am-
plified by endogenous inflammatory and coagulation me-
diators, including leukocytes, macrophages, cytokines (e.g.,
tumor necrosis factor and interleukins 1, 2, and 6), throm-

boplastin, and thrombin. These inflammatory and coagu-
lopathic responses, to the extent they serve to eradicate
pathogens, are vital. However, these same responses are of-
ten nonspecific in their targets and imperfectly regulated,
resulting in irreparable damage to normal tissues.

WHEN SEPSIS SYNDROME PRESENTS
ON ADMISSION

Issues at the Time of Admission

Clinical Presentation

The spectrum of presenting manifestations of sepsis is ex-
traordinarily broad, ranging from the elderly patient who
complains only of weakness and dizziness to the otherwise
healthy young adult with overwhelming pneumonia and
hypotension. Although signs of a localized infection may
be present, patients with sepsis "typically" present with a
conglomeration of the signs and symptoms of the systemic
inflammatory response syndrome, namely tachycardia,
tachypnea, hyperthermia (or hypothermia), and leukocy-
tosis. Tachypnea, which is often the first sign of sepsis, is
almost universally present in patients with severe sepsis.
Additionally, patients with severe sepsis often demonstrate
hypotension, obtundation, oliguria, and a lactic acidosis.
Unfortunately, sepsis may present without such typical
features, and a high clinical index of suspicion must be
maintained whenever a patient (particularly one who is el-
derly or immunocompromised) presents with nonspecific
symptoms.

Initial Evaluation and Differential Diagnosis

The foundation of the initial evaluation is a careful medical
history and physical examination. The history should elicit
any predisposing factors and possible source of infection to
guide the choice of empiric antibiotics. Any immunocom-

26
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promising conditions (e.g., prior use of corticosteroids, as-
plenia, radiation or chemotherapy, hematologic malig-
nancy, HIV infection, prior transplantation, alcoholism, or
diabetes mellitus) should be noted, along with any unusual
recent exposures, such as tuberculosis, meningococcus, in-
fluenza, or legionella. Any recent history of procedures (in-
cluding surgeries, endoscopies, dental work, genitourinary
manipulation, intravascular catheters or other indwelling
devices) or use of vaginal tampons should be considered.
Information about cough or sputum production, headache
or neck stiffness, chest or abdominal pain, nausea, vomit-
ing, jaundice, diarrhea, flank pain, dysuria, hematuria,
urinary frequency, or skin lesions can help direct further
investigation.

The initial physical examination should focus on vital
signs including, if possible, supine and standing heart rate
and blood pressure, respiratory rate and pattern, and
temperature. General attention must be paid to the pa-
tient's alertness, orientation, skin temperature, perfusion of
hands and feet, skin lesions, and any indwelling catheters.
The head and neck should be examined for the presence or
absence of scleral icterus, meningismus, and sinus tender-
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TABLE 26.1
INITIAL LABORATORY AND RADIOGRAPHIC EVALUATION OF THE
PATIENT PRESENTING WITH SUSPECTED SEPSIS SYNDROME

Tests that should be obtained initially in all patients:
Complete blood count with differential and platelet count
Sodium, potassium, chloride, bicarbonate, blood-urea nitrogen, creatinine, and glucose

measurements
Bilirubin, alkaline phosphatase, and aminotransferase measurements
Prothrombin time and partial thromboplastin time
Two sets of blood cultures—at least one drawn from someplace other than an already established IV
Pulse oximetry
Chest radiograph (upright preferred if patient is able)
Urinalysis and urine culture

Tests that should be obtained in selected patients:
Lumbar puncture (in any patient with even a slight suspicion of meningitis)
12-lead electrocardiogram (in any patient with hypotension, abnormal auscultatory findings, pulse

irregularities, chest discomfort, or any history of cardiac disease)
Echocardiogram (in any patient with suspicion of tamponade, acute cor pulmonale, infective

endocarditis, acute valvular regurgitation, or severe left ventricular dysfunction)
Flat and upright abdominal films (in any patient with worrisome abdominal findings)
Nasogastric aspiration (in any patient who may be having upper-gastrointestinal hemorrhage)
Amylase and lipase (in patients with signs and symptoms consistent with pancreatitis)
Abdominal ultrasound (in patients suspected to have biliary disease or postrenal obstruction)
Abdominal computed tomography scan (in patients suspected of having pancreatitis, abdominal

abscess, or retroperitoneal hemorrhage)
Urine and serum toxicology screens (in any obtunded patient or patient with possible overdose)
Arterial blood gases (in patients with tachypnea, decreased oxygen saturation, or acidosis)
Magnesium, phosphate, and calcium measurements (in patients with renal insufficiency, acid–base

disturbances, or other indications)
Thoracentesis or paracentesis (in patients suspected to have empyema, parapneumonic effusion, or

spontaneous bacterial peritonitis)

ness, as well as for any abnormalities of the tympanic mem-
branes or oropharynx. The lungs should be examined for
altered breath sounds, signs of consolidation, rales,
rhonchi, wheezes, or pleural rubs. The cardiovascular ex-
amination should assess possible jugular venous disten-
tion, edema, murmurs, rubs, gallops, peripheral pulses,
splinter hemorrhages, Roth spots, Osler's nodes, and
Janeway lesions. The abdomen and pelvis must be assessed
for tenderness, guarding, rebound, operative scars, the pres-
ence and character of bowel sounds, flank tenderness,
blood in the stool, and pelvic tenderness or discharge.

In many cases of sepsis, such as a toxic patient with a
lobar pneumonia, the diagnosis is readily apparent. In oth-
ers, a good deal of detective work is needed, and the diag-
nosis of sepsis is uncertain until results are obtained from
blood tests, radiographs, and other investigations (Table
26.1). Non-infectious conditions such as pancreatitis,
trauma, severe hemorrhage, myocardial infarction, drug
overdoses, and even heat stroke can mimic sepsis and often
must be excluded by a thorough history, physical examina-
tion, and laboratory testing before the diagnosis of sepsis
syndrome can be established.
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TABLE 26.2
SEPSIS SYNDROME: INDICATIONS FOR 
ICU ADMISSION

Hypotension, and consequent need for vasopressors, if volume
resuscitation fails to achieve and maintain a systolic blood
pressure of 90 mm Hg or a mean arterial pressure of 65 mm Hg

Hypoxemia, if oxygen by face mask fails to achieve and maintain
arterial oxygen saturations above 90% or mechanical ventilation
is likely to be needed

Marked metabolic abnormalities (e.g., severe acidosis, uremia,
jaundice, or severe electrolyte derangements)

Depressed sensorium, with likely need for endotracheal intubation
for airway protection

Oliguria or anuria
Sepsis concomitant with underlying cardiac problems (e.g.,

arrhythmias, coronary disease, heart failure, or pericardial
disease)

Sepsis concomitant with underlying pulmonary problems (e.g.,
chronic obstructive pulmonary disease)

Desire to utilize invasive monitoring (e.g., arterial cannulation or
pulmonary artery catheterization)

soon as the hemodynamic and respiratory statuses are
stabilized (6). Controlling the source of infection may
require percutaneous or surgical drainage of a pocket of
pus (e.g., empyema or abscess) (see Chapters 62 and 64),
removal of devilatized tissue (e.g., necrotizing fasciitis,
necrotic ulcers, or infarcted tissue), or removal of an
infected foreign body (intravascular catheter, tampon, or ar-
tificial joint). Other elements of initial therapy are tailored
to the specific needs of the individual patient (Table 26.3).

ISSUES DURING THE COURSE
OF HOSPITALIZATION

Because of the association of sepsis syndrome with multi-
organ system dysfunction (see Chapter 25), the problems
that arise during its course are legion. As a generalization
(and somewhat of an oversimplification), the patient who
ultimately succumbs to sepsis has several characteristics.
The most important prognostic indicator is the develop-
ment of organ dysfunction, especially hypotension and
acute respiratory distress syndrome (ARDS). Both hy-
potension, especially septic shock requiring vasopressors
for longer than 48 hours, and respiratory failure severe
enough to require mechanical ventilation portend a high
likelihood of death. Mortality has been estimated to be at
least 25% with either, and increases by 15–20% for each
additional failing organ (7). In addition, chronic under-
lying medical co-morbidities and hypothermia further
worsen the prognosis (8).

Nonetheless, many septic patients survive despite multi-
organ system failure and long, complicated hospital courses.
To optimize their chances of survival, with minimal residual

In the patient with shock, resuscitative efforts must be
started immediately, accompanied by an abbreviated, care-
fully focused initial evaluation. The principal aim of the
evaluation is to differentiate septic shock from other forms
of shock (e.g., cardiogenic shock, hemorrhagic shock, or
pericardial tamponade). Once septic shock is diagnosed,
early and aggressive goal-directed resuscitation should be
instituted. Aggressive volume repletion with crystalloid,
correction of severe anemia with transfusions of packed red
blood cells, and support of cardiac function with
ionotropic agents help improve the oxygen saturation of
mixed-venous blood (4). If the patient is more stable, a
more deliberate initial evaluation can be undertaken.

Indications for Hospitalization

All patients with severe sepsis should be hospitalized. Even the
patient who "eyeballs well" after hydration and initial
antibiotics in the emergency department is at risk for
sudden and severe deterioration. Some patients with
sepsis improve rapidly with antibiotic therapy, and such
patients may only need a day or two of inpatient therapy.
Unfortunately, however, the natural history of sepsis is
highly variable, and many patients require protracted
hospitalization.

Indications for Initial Intensive Care
Unit Admission

Many hospitals have well-equipped, well-staffed general
medical units or "stepdown" units capable of managing pa-
tients with uncomplicated sepsis syndrome. Unfortunately,
a large percentage of patients with sepsis syndrome already
have, or are at high risk of developing, severe sepsis with or-
gan failure, complications that mandate ICU admission
(Table 26.2).

Initial Therapy

As in any life-threatening illness, the hierarchy of therapeu-
tic priorities in sepsis syndrome begins with assuring that
the patient has a patent airway, with adequate oxygenation
and ventilation. Patients in shock require aggressive resus-
citation with crystalloids (often as much as 5–10 liters),
combined with transfusions of packed red blood cells and
inotropic support to maintain adequate tissue perfusion
(4). Beyond the initial stabilization of airway, breathing,
and circulation (the "ABCs"), the next priority whenever
sepsis syndrome is being considered (even before the diag-
nosis has been confirmed) is to obtain appropriate culture
specimens and then immediately to begin broad-spectrum
antibiotics directed against all of the likely pathogens, an
intervention known to decrease mortality (5). In addition to
antibiotic coverage, outcomes are improved when the
source of infection is eradicated. Practically, this means
that the search for potential sources should begin as
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morbidity, clinicians should adhere to a number of impor-
tant precepts (Table 26.4).

Special Considerations in Selected
Populations

Patients with Severe Sepsis (i.e. Organ
Dysfunction From Sepsis)

Patients who develop at least one dysfunctional organ from
sepsis have severe sepsis. Organ dysfunction occurs because
of damage resulting from an over-exuberant systemic
inflammatory and thrombotic response to the infection.
This response causes endothelial dysfunction and subse-
quent microthrombi. Activated protein C, a protein with anti-
inflammatory and anti-thrombotic properties, is reduced in
many patients with severe sepsis, and these patients have a
poorer prognosis. Recombinant human activated protein C
(rhAPC), also known as drotrecogin alfa (activated),

decreases morbidity and mortality in patients with severe
sepsis and a high-likelihood of dying (e.g., APACHE II score
�25 or need for vasopressors): in a randomized trial,
severely septic patients receiving drotrecogin alfa (activated)
as a continuous infusion of 24 mcg/kg/min for 96 hours had
a 6% absolute reduction and 19% relative reduction in 28-
day, all cause mortality (25% mortality in those receiving
drotrecogin alfa compared with 31% in those receiving
placebo) (3). Overall, one life was saved for every 13 patients
receiving drotrecogin alfa treatment, and in the patients with
the highest APACHE II scores (i.e. �25), one life was saved
for every 8 patients treated. The most frequent and concern-
ing adverse event of the drug is bleeding, although only 2%
of patients experienced a severe bleed while receiving the
drug. The infusion should be held for 2 hours before and 30
minutes after any percutaneous procedure and for 2 hours
before and 12 hours after any surgical procedure because
of its anticoagulant properties. The mortality benefit of
drotrecogin alfa (activated) may not outweigh the risk
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TABLE 26.3
INITIAL THERAPY OF SEPSIS SYNDROME

Assure adequacy of airway patency, oxygeneration, and ventilation.
Assure adequate arterial pressure to maintain cerebral and coronary

perfusion; the usual target is a mean arterial pressure of 65 mm
Hg or a systolic of 90 mm Hg.

If hypotensive, start with large-volume intravenous fluids.
Fluids may be crystalloid, colloid, or blood products.
Unless pulmonary edema is present, volumes of 5–10 L can be

administered.
If arterial pressure does not respond adequately to intravenous

fluids, start vasopressors.
Some studies have shown improved outcomes using nor-

epinephrine compared with dopamine (9).
One strategy is to start with norepinephrine at 2 mcg/min, titrate

up as needed.
If the patient is still hypotensive on 50 mcg/min of nor-

epinephrine, addition of replacement dose vasopressin (0.04
Units/min) can be considered (10).

If norepinephrine precipitates tachyarrhythmias, switch to
phenylephrine, starting at 30 mcg/min.

As soon as culture specimens are obtained, start broad-spectrum
parenteral antibiotics (5).
Do not merely write the antibiotic order; make sure the drug is

given immediately.
Once culture and sensitivity data become available, the spectrum

of antibiotic coverage can be narrowed correspondingly.
Call a surgical or interventional consultation if there is undrained

pus (e.g., empyema, abscess, etc.) or devitalized tissue needing
removal (e.g., necrotizing fasciitis, necrotic ulcers, infarcted
tissue, etc.) (6).

Remove any infected foreign bodies (e.g., intravascular catheters,
artificial joints, etc.).

If the patient requires ventilatory support for acute lung injury or
acute respiratory distress syndrome (ARDS), use a low tidal
volume approach (6 cc/kg of ideal body weight, decreased to 4
cc/kg of ideal body weight if needed to keep plateau pressures
below 30 cm H2O) (11).

Address metabolic and hematologic derangements.
Acidosis usually corrects with adequate ventilation and

restoration of perfusion; consider bicarbonate administration
in extremes (e.g., pH <7.0).

Consider acute hemodialysis for life-threatening hyperkalemia.
Treat hyperglycemia or hypoglycemia.
Correct hypokalemia, hypocalcemia, hypomagnesemia; be

cautious if renal function is questionable.
Administer vitamin K and transfuse packed red cells, platelets, or

fresh frozen plasma as clinically indicated.
If any question of adrenal impairment, give dexamethasone 

10 mg IV.
Dexamethasone does not interfere with an interpretable

adrenocorticotrophic hormone (ACTH) stimulation test (see
Chapter 109).

Corticosteroids may improve outcome in patients with adrenal
insufficiency (12), but are not helpful and may be harmful when
patients with sepsis syndrome do not have adrenal impairment.

If febrile, administer acetaminophen and/or ibuprofen.
Start parenteral histamine-2 blockers.
Patients with hemodynamic instability should have arterial cannulas

placed:
To facilitate accurate titration of vasopressors.
To facilitate frequent blood sampling.

Start drotrecogin alfa (activated) in patients with severe sepsis and
a high-likelihood of death (e.g., APACHE II ≥25; vasopressor
requirement) unless contraindicated (3).

Dobutamine and transfusions of packed red blood cells have been
advocated to increase cardiac output and oxygen delivery and
may improve outcome if used early to correct low mixed-venous
oxygen saturation (4).
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of hemorrhage, specifically intracranial hemorrhage, in
patients with severe thrombocytopenia (platelet count
�30,000/mL), meningitis, or marked coagulopathy (INR
�3), and its use in these patient populations should be un-
dertaken with extreme caution, if at all.

Septic Patients Requiring Mechanical Ventilation

Regardless of the source of the infection, patients with
sepsis often develop inflammation in other organs of the
body, especially the lungs and kidneys. Acute lung injury,
or the acute respiratory distress syndrome (ARDS), occurs
in about one of every five patients with sepsis (1), usually
resulting in respiratory failure and the need for mechanical
ventilation. "Low tidal volumes" (6 mL/kg ideal body
weight or less) should be utilized when any patient with
ARDS, including those with sepsis, needs mechanical
ventilation (11). If plateau pressures exceed 30 cm H2O
when ventilating with tidal volumes of 6 mL/kg ideal body
weight (IBW), then the tidal volume should be decreased

(to a minimum of 4 mL/kg IBW) until plateau pressures are
below 30 cm H2O (see Chapter 23).

Persistent Hypotension in Septic Patients

Patients with sepsis typically develop hypotension because
of peripheral vasodilation. This hypotension may correct
with aggressive fluid resuscitation, but septic patients may
require vasopressors to maintain an adequate arterial
perfusion pressure. Sometimes, septic patients have refrac-
tory hypotension despite the administration of adequate
volume and increasing doses or numbers of vasopressors.
These patients with refractory hypotension may be either
deficient in vasopressin or lack adequate adrenal reserve for
their level of illness. Replacement of physiologic doses of
vasopressin (i.e., 0.04 units/min) may increase blood
pressure and allow weaning of other vasopressors (10).
However, the dose of vasopressin should not be escalated
as it can result in cardiac and mesenteric ischemia.

Some patients with septic shock have persistent hypoten-
sion because of lack of adrenal reserve. A few of these
patients meet the traditional criteria for adrenal insuffi-
ciency, but more have relative adrenal insufficiency: they
possess some adrenal function, but lack the adequate reserve
to compensate for their critical illness. These patients have
less than a 9 mcg/dL increase over baseline cortisol levels
when challenged with a short corticotropin (ACTH) stimu-
lation test and may benefit from glucocorticoid replacement
(12). (See also Chapter 109.) However, not all patients with
sepsis and persistent hypotension should be treated with ex-
ogenous glucocorticoids, since steroids can worsen the out-
comes of septic patients with preserved adrenal function.

Discharge Issues

For patients with sepsis syndrome, the principal discharge
issue is that of leaving the ICU. It often is difficult to know
how to utilize ICUs in the most cost-effective manner, but
it clearly is not efficient to discharge patients recovering
from sepsis syndrome from the ICU until they have
reasonable prospects of not having to be readmitted. In
general, this decision implies that patients have been off
vasopressors and mechanical ventilation for at least 24
hours and that their renal, hepatic, hematologic, and
metabolic parameters are stable or improving. Patients
with sepsis syndrome who survive the ICU often experience
significant residual weakness and other disability, and
many can benefit from a stay in a rehabilitation facility
after hospital discharge.

When Sepsis Syndrome Presents During
Hospitalization

In most respects, the diagnostic and therapeutic approach
to a patient who develops sepsis syndrome during hospi-
talization is no different than the approach to a patient
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TABLE 26.4
THE PATIENT WITH LINGERING SEPSIS AND
MULTIORGAN SYSTEM FAILURE: 10 PRECEPTS
FOR DAY-TO-DAY MANAGEMENT

1. Examine the patient and listen to the nurses.
2. Review the patient’s medications every day, considering

dosage adjustments and potential drug interactions.
3. Do not leave hardware in (including central venous catheters,

pulmonary artery catheters, bladder catheters, etc.) unless
clearly necessary.

4. Obtain and repeat imaging studies whenever substantive
questions arise.

5. Ensure the source of infection is controlled (abscess fully
drained, all necrotic tissue removed, infected hardware
removed, etc.).

6. Prevent complications: ensure acid suppression for ulcer
prophylaxis; use heparin (low molecular weight or undiffer-
entiated) or pressure stockings to prevent deep venous
thromoses/pulmonary emboli; physical therapy to prevent
contractures; good skin care to prevent decubitus ulcers.

7. Prevent secondary infections: insert central lines with sterile
technique and maximal barrier protection; wash hands between
patients; use gloves and gowns when examining patients with
resistant organisms; elevate the head of the bed when giving
tube feedings; minimize ventilator tube changes and central
venous catheter manipulations; ensure endotracheal and
feeding tubes are orally placed.

8. Narrow antibiotic coverage when culture data return; if the
patient is not improved after seven days of antibiotics, consider
switching or discontinuing them.

9. Individuals vary in their physiologies: If the patient does not
mentate or urinate at a mean arterial pressure of 65 mm Hg,
push it to 75 mm Hg and see what happens.

10. Be realistic: Experienced clinicians know, with or without help
from standardized approaches such as APACHE scores (see
Chapter 22), when there is no longer a realistic prospect for
survival.
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who presents to the hospital with sepsis syndrome initially.
There are, however, a number of additional considerations.

First, the development of sepsis syndrome during
hospitalization is much more likely to be related to such
iatrogenic factors as surgery, instrumentation, intravascular
catheters, Foley catheters, or immunosuppressive therapy.
Second, because these are nosocomial infections, there is
a much higher likelihood of microorganisms that are
relatively resistant to commonly used antibiotics (see
Chapter 64). As such, it is prudent to start empiric broader
spectrum antibiotics and to consider infectious-diseases con-
sultation sooner rather than later. Third, before developing
sepsis syndrome, these patients already had underlying med-
ical or surgical illnesses sufficiently severe to require hospi-
talization. Thus, their risk of a poor outcome is greater than
that of patients who present with sepsis syndrome de novo.

Cost Considerations and Resource Use

ICU care consumes enormous personnel, equipment, phar-
macy, and blood-bank resources. It is estimated to account
for one-third of the overall budget in an average hospital.
While a patient with sepsis syndrome is in the ICU, the
physician can economize on unnecessary diagnostic tests
and may opt for a less expensive antibiotic regimen. How-
ever, some expensive treatments, like drotrecogin alfa
(activated), should not be withheld simply for financial
concerns. In fact, one recent analysis suggested that this ex-
pensive therapy may in fact be cost-effective in certain
populations (13).

Ultimately, however, there are two promising avenues
for significant savings. First, practice diligent, meticulous
medicine, avoiding mistakes, minimizing setbacks, pre-
venting complications and secondary infections (see Table
26.4), and recognizing that good medicine might reduce the
length of stay of the average patient who survives but para-
doxically might increase total costs by extending the length
of stay of the person who does not ultimately survive.

Second, be more circumspect in the use of the ICU by
uniformly soliciting advance directives from patients who,
by virtue of age, illness, debility, or philosophy, might
choose to forego aggressive medical care, and more consis-
tently to limit or withdraw care in patients already in the
ICU who no longer have realistic prospects for survival (see
Chapters 17, 19, and 22).

KEY POINTS

■ Sepsis syndrome is the most common cause of death in
non-coronary ICUs in the United States and is the tenth
most common cause of death overall.

■ Despite advances in therapy, the mortality rate of sepsis
syndrome remains approximately 30%.

■ Resuscitative measures and initiation of antibiotic ther-
apy must occur simultaneous with rapid initial diagnos-
tic evaluation.

■ Foci of infection must be sought and eradicated.
■ Patients with severe sepsis and most with sepsis syn-

drome require hospitalization. Most patients with severe
sepsis require ICU management.

■ As the pathophysiology of sepsis becomes better under-
stood, new specific treatments (e.g., drotrecogin alfa
[activated]) can improve outcomes.

■ Many patients recover quickly with appropriate antibi-
otics and hemodynamic support (aggressive fluid resus-
citation, with or without vasopressors).

■ Unfortunately, many patients with sepsis syndrome
develop multiorgan system failure, require costly tech-
nology (e.g., mechanical ventilation and hemodialysis),
and have lengthy ICU stays.
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Procedures in

Hospital Medicine
Rachel L. Chin

INTRODUCTION

Physicians who care for hospitalized patients must com-
monly perform procedures to facilitate diagnosis and
therapy. The risks of such procedures are often increased in
hospitalized patients because of comorbid illnesses, poor
wound healing, anticoagulation (either therapeutic or
caused by the patient’s disease state), and the frequent need
for haste. It is essential, then, that hospital physicians be
skilled in the performance of common procedures and rec-
ognize those situations in which a procedure can be done
more safely if guided by technology (e.g., ultrasound guid-
ance for thoracentesis or central venous catheterization) or
a specialist.

This chapter will review the indications, contraindica-
tions, equipment required, and technique of some of the
most common procedures performed on hospitalized
patients.

ARTERIAL PUNCTURE
AND CANNULATION

Introduction

Arterial cannulation is often required in the evaluation of a
critically ill patient. Several arteries can be used, but the
most common is the radial artery.

Indications

■ Arterial pressure monitoring
■ Arterial blood gas sampling or blood sampling for any

purpose

27

Contraindications

■ Insertion of a needle through an area of cutaneous
infection

■ Aneurysm with or without a palpable bruit
■ Bleeding diathesis or on anticoagulants before correc-

tion of the clotting deficits
■ Decreased collateral blood flow
■ Presence of severe atherosclerosis (a relative contraindi-

cation)

Equipment

Positioning

■ Armboard
■ Folded towel
■ Adhesive tape

Skin prep

■ Sterile gauze
■ Povidone-iodine solution (Betadine®) or prepackaged

povidone-iodine sticks
■ Alcohol prep pads

Sterile field

■ Gloves, mask, sterile drape, local anesthetic

Local anesthetic

■ Syringe, 1-mL
■ Needle, 25-gauge
■ Lidocaine, 1%
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Arterial cannulation

■ Angiocath, 20-gauge

or

■ Radial artery catheterization set, 20-gauge (Arrow™),
with guidewire

Dressing

■ Antibiotic ointment
■ Sterile gauze

Pressure monitoring

■ Arterial pressure transducer
■ Pressure tubing

Procedure

Before cannulating the radial artery, confirm adequate col-
lateral circulation by performing the Allen test (Figure
27.1). Occlude both the radial and ulnar artery and have
the patient pump the blood out of the hand by opening
and closing the fist. With the hand open, release one of
the occluded arteries and note the return of color to the
hand within 5 seconds. Repeat with the other artery. If the
circulation is inadequate, do not cannulate the artery.

Position

Place the patient and wrist in supine position with the arm
abducted and forearm supinated.

Landmarks

Palpate the radial artery, which is radial to the flexor carpi
radialis tendon.

Technique

Dorsiflex the wrist over a folded towel between the wrist and
the armboard. Tape the hand to the armboard (Figure 27.2).

Put on a protective mask and gloves. Anesthetize the
skin over the site with 1% lidocaine. Be careful not to ob-
scure the artery by injecting too much lidocaine. Prepare
and drape the wrist in a normal sterile fashion.

Prepare the catheter by sliding it out, then back in to
break the seal. Insert the angiocatheter or radial artery
catheterization (Arrow) set with guidewire into the artery at
a 45-degree angle to the axis of the vessel (Figures 27.3 and
27.4).

If you see blood flash into the catheter, advance the nee-
dle 1–2 mm and then cannulate the artery by sliding the
cannula over the needle. If using the Arrow set, first ad-
vance the guidewire using the Seldinger technique (see the
description under “Central Venous Catheterization,” on
page 215), and then advance the cannula into the artery
over the guidewire (Figure 27.5).
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Figure 27.1 The Allen test to confirm collateral circulation. A.
The radial and ulnar arteries are both occluded. B. The clinician
releases the radial artery to test its patency. The test is then re-
peated for the ulnar artery. (Reprinted from VanderSalm TJ, Cutler
BS, Wheeler HB, eds. Atlas of Bedside Procedures. Boston/
Toronto: Little, Brown and Company, 1988, with permission.)
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Remove the needle while leaving the cannula in place.
Strong arterial flow indicates proper positioning.

Attach the cannula to the transducer tubing, and apply
dressing. Apply antibiotic ointment to the puncture site,
and secure it with sterile dressing.

Remove the towel under the wrist and reapply the arm-
board securely.

KEY POINTS REGARDING ARTERIAL
PUNCTURE AND CANNULATION

■ In iodine-allergic patients, pHisoHex® or chlorhexidine
gluconate (Hibiclens®) is an acceptable alternative to
povidone-iodine (Betadine) solution or prepackaged
sticks.

■ Avoid tissue necrosis with distal ischemia (typically
caused by repeated punctures that result in thrombosis),

especially in patients with poor ulnar arterial flow or
patients in shock.

■ Apply firm pressure for 5 minutes after puncture and 10
minutes after removal of a peripheral artery catheter,
longer if the patient is anticoagulated.

■ Retrograde flushing of the cannula can cause retrograde
arterial embolism of blood clots.

■ The risk of infection increases as the duration of cannu-
lation is prolonged. Arterial catheters should be changed
after 4 days if continued monitoring is necessary.

■ Avoid catheter embolization by not pulling back the
plastic catheter after it has been placed through the nee-
dle. The end of the catheter may be sheared off by the
sharp needle bevel.

ARTHROCENTESIS

Introduction

Arthrocentesis is both a diagnostic and therapeutic inter-
vention, which commonly is performed at the bedside
without complications.
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Radial artery

Flexor carpi radialis tendon

Figure 27.2 Positioning and prepping for arterial cannula insertion. (Reprinted from VanderSalm
TJ, Cutler BS, Wheeler HB, eds. Atlas of Bedside Procedures. Boston/Toronto: Little, Brown and
Company, 1988, with permission.)

Figure 27.3 Technique for inserting the angiocatheter through
the skin. (Reprinted from VanderSalm TJ, Cutler BS, Wheeler HB,
eds. Atlas of Bedside Procedures. Boston/Toronto: Little, Brown
and Company, 1988, with permission.)

Figure 27.4 Cannulation of the artery is demonstrated by the
flash of blood. (Reprinted from VanderSalm TJ, Cutler BS, Wheeler
HB, eds. Atlas of Bedside Procedures. Boston/ Toronto: Little,
Brown and Company, 1988, with permission.)
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Indications

■ Diagnosis of joint effusions, especially when infectious
arthritis is a possibility.

■ Traumatic joint effusions such as ligamentous or bony
injuries may be confirmed by finding blood in the joint.

■ Fat globules in the fluid may diagnosis an intra-articular
fracture.

■ For nontraumatic joint disease, the fluid can be analyzed
for a septic joint or crystal-induced arthritis (i.e., gout or
pseudogout).

■ Arthrocentesis can also provide relief of pain from a
tense hemarthrosis or effusion, thereby also enabling the
practitioner to examine the joint in question.

■ Local instillation of medications such as lidocaine can
also provide relief of pain and help in the examination
or reduction of a fracture.

■ Local instillation of corticosteroids may be appropriate
in patients with inflammatory arthritis (such as gout or
rheumatoid arthritis) after infection has been excluded.

Contraindications

■ Insertion of a needle through an area of infection (cuta-
neous or osteomyelitis).

■ Bleeding diatheses may be a relative contraindication,
but arthrocentesis to relieve a tense hemarthrosis in pa-
tients with bleeding disorders can be performed if the

bleeding disorder is corrected with appropriate clotting
factors prior to the procedure (Chapter 98).

■ Arthrocentesis of a prosthetic joint should be performed
predominantly to exclude an infection, usually by an or-
thopedic surgeon or rheumatologist unless the proce-
dure is urgent (Chapter 110).

Equipment

Skin prep

■ Sterile gauze
■ Povidone-iodine solution (Betadine) or prepackaged

povidone-iodine sticks
■ Alcohol prep pads

Sterile field

■ Gloves, mask, sterile drape

Local anesthetic

■ Syringe, 5-ml
■ Needles, 25- and 22-gauge
■ Lidocaine, 1%, 10 mL

Aspiration or injection equipment

■ Syringes: 5-, 10-, and 30-mL
■ Needles: 22-, 20-, and 18-gauge
■ Sterile specimen tubes
■ Injectable saline
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Figure 27.5 Arterial cannulation using the Seldinger technique. (Reprinted from VanderSalm TJ,
Cutler BS, Wheeler HB, eds. Atlas of Bedside Procedures. Boston/Toronto: Little, Brown and Com-
pany, 1988, with permission.)
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■ Drugs for instillation (i.e., methylene blue, lidocaine,
corticosteroids)

Dressing

■ Adhesive bandage

General Techniques

1. Define the joint anatomy.
2. Select an approach.
3. Prep and drape.
4. Use universal precautions.
5. Inject local anesthetic along the needle tract.
6. Perform the arthrocentesis.
7. Apply the dressing.

For further information, see specific arthrocentesis tech-
niques below. Use an 18–22 gauge needle of appropriate
length. Avoid injury to articular cartilage with the needle by
providing traction on the joint, and avoiding “walking” off
the bone to find the joint space. Use the largest needle pos-
sible to avoid having the lumen become obstructed with
blood clots. Send the synovial fluid for studies as indicated
(i.e., cell count, microscopic examination, cultures, Gram
stain, etc.).

Specific Procedures

Glenohumeral joint (Figure 27.6)

Position: The patient should be sitting upright, arms at
the side and hands on lap.

Landmarks: The coracoid process medially and the prox-
imal humerus laterally are palpated anteriorly.

Anterior technique: Insert needle lateral and inferior to
coracoid; direct to anterior rim of glenoid.

Posterior technique: Insert needle 2 cm inferior to pos-
terior angle of acromion, direct to posterior rim of
glenoid.

Radiohumeral (elbow) joint (Figure 27.7)

Position: The patient should be sitting upright on a gur-
ney with the elbow flexed at 90 degrees. Pronate the
forearm, and place the palm flat on the table.

Landmarks: Palpate the lateral epicondyle of the
humerus and the head of the radius. To palpate the
radial head, pronate and supinate the forearm in a
flexed 90-degree angle.

Technique: Place the needle between the lateral epi-
condyle of the humerus and the radial head. Direct
the needle medially.

Radiocarpal (wrist) joint (Figure 27.8)

Position: Flex the wrist to 30 degrees, and apply traction
to the hand.

Landmarks: Palpate the bony landmark, the tubercle of
Lister. A depression can be palpated just ulnar to the

course of the extensor pollicis longus tendon distal
and ulnar to Lister’s tubercle (Figure 27.9).

Technique: Insert a 22-gauge needle dorsally, distal to
tubercle of Lister and medial to extensor pollicis
longus tendon.

Interphalangeal and metacarpophalangeal (fingers)
joints (Figure 27.10)

Position: Flex the fingers to approximately 15–20
degrees, and apply traction.

Landmarks: On the dorsal surface of the finger, palpate
the distal bony prominence of the distal metacar-
pophalangeal phalanx and proximal end of the prox-
imal phalanx for the metacarpophalangeal joint. For
the interphalangeal joints, palpate the distal end of
the proximal phalanx and the proximal end of the
middle phalanx. The extensor tendon runs down the
middle of the digits.

Technique: Insert a 22-gauge needle into the joint space
dorsally, medial or lateral to the extensor tendon.
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Figure 27.6 Approaches to arthrocentesis of the shoulder. 
A. Glenohumeral joint. B. Acromioclavicular joint. C. Subacromial
bursa. D. Bicipital tendon. (Reprinted from VanderSalm TJ, 
Cutler BS, Wheeler HB, eds. Atlas of Bedside Procedures.
Boston/Toronto: Little, Brown and Company, 1988, with permis-
sion.)
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Figure 27.7 Approach to arthrocentesis of the elbow. A. Radiohumeral joint. B. Lateral epi-
condyle. C. Olecranon bursa. (Reprinted from VanderSalm TJ, Cutler BS, Wheeler HB, eds. Atlas of
Bedside Procedures. Boston/Toronto: Little, Brown and Company, 1988, with permission.)

Figure 27.8 The wrist (radiocarpal) joint. (Reprinted from
VanderSalm TJ, Cutler BS, Wheeler HB, eds. Atlas of Bedside
Procedures. Boston/Toronto: Little, Brown and Company, 1988,
with permission.)
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Figure 27.9 The approach to radiocarpal arthrocentesis. The best
site of aspiration is through the depression, which can be palpated
just ulnar to the course of the extensor pollicis longus tendon, distal
and ulnar to Lister’s tubercle. (Reprinted from Simon RR, Brenner BE,
eds. Emergency Procedures and Techniques. 4th ed. Philadelphia:
Lippincott, Williams and Wilkins, 2002, with permission.)

Figure 27.10 The finger joints. A.
Metacarpophalangeal. B. Interphalangeal.
(Reprinted from VanderSalm TJ, Cutler BS,
Wheeler HB, eds. Atlas of Bedside Proce-
dures. Boston/Toronto: Little, Brown and
Company, 1988, with permission.)

Carpometacarpal (thumb) joint (Figure 27.11)

Position: Oppose the thumb to the little finger, and ap-
ply traction to the thumb.

Landmarks: Palpate the space between the abductor pol-
licis longus tendon and the base of the metacarpal,
lateral (palmar) to the anatomical “snuff box”
(which is dorsal to the abductor pollicis longus). Ex-
tend the thumb to palpate the abductor pollicis
longus tendon.

Technique: Insert a 22-gauge needle proximal to the
prominence of the base of the metacarpal, on the
palmar side of the abductor pollicis tendon. Avoid
the “snuff box” because it contains the radial artery
and superficial radial nerve.

Knee joint (Figure 27.12)

Position: Keep the knee extended and have the leg
relaxed.

Landmarks: The medial aspect of the middle/superior
portion of the patella.

Technique: Insert an 18-gauge needle 1 cm medial to
the patella, and direct it under the patella and into
the intercondylar femoral notch. If the patient tenses
the quadriceps, the space will be difficult to enter. Be
prepared to aspirate 50–70 mL of fluid if there is a
large effusion.

Tibiotalar (ankle) joint (Figure 27.13)

Position: Have the patient lie supine on the gurney, and
plantar flex the foot.

Landmarks: Palpate the space between the tibialis ante-
rior tendon and the medial malleolus. Dorsiflex the
foot to palpate the tibialis anterior tendon.

Technique: Insert a 20-gauge needle 2–3 cm into the
space between the tibia and talus. Palpate the ante-
rior tibial tendon, and place the needle medial to it,
directed into the hollow at the anterior margin of the
medial malleolus.

Interphalangeal and metatarsophalangeal (toe) joints
(Figure 27.13)

Position: Have the patient lie supine on the gurney,
and flex the toes to 15–20 degrees. Apply traction to
the toes.

26410 ch 027  3/11/05  4:44 PM  Page 213



214 Section II: Critical Care Medicine

Figure 27.11 The thumb (carpometacarpal) joint. (Reprinted from VanderSalm TJ, Cutler BS,
Wheeler HB, eds. Atlas of Bedside Procedures. Boston/Toronto: Little, Brown and Company, 1988,
with permission.)

Figure 27.12 The knee. A. The knee joint, anteromedial approach. B. The pes anserine bursa.
(Reprinted from VanderSalm TJ, Cutler BS, Wheeler HB, eds. Atlas of Bedside Procedures.
Boston/Toronto: Little, Brown and Company, 1988, with permission.)
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Figure 27.13 The ankle and toe joints. A. Tibiotalar (ankle) joint. B. Metatarsophalangeal joint. 
C. Interphalangeal joint. (Reprinted from VanderSalm TJ, Cutler BS, Wheeler HB, eds. Atlas of Bed-
side Procedures. Boston/Toronto: Little, Brown and Company, 1988, with permission.)

Landmarks: On the dorsal surface of the toes, palpate
the distal bony prominence of the distal metatar-
sophalangeal phalanx and proximal end of the prox-
imal phalanx for the metatarsophalangeal joint. For
the interphalangeal joints, palpate the distal end of
the proximal phalanx and the proximal end of the
middle phalanx. The extensor tendon runs down the
middle of the digits.

Technique: Insert a 22-gauge needle into the joint space
dorsal, medial or lateral to the extensor tendon.

KEY POINTS REGARDING ARTHROCENTESIS

■ In iodine-allergic patients, pHisoHex® or chlorhexidine
gluconate (Hibiclens®) is an acceptable alternative to
povidone-iodine (Betadine) solution or prepackaged
sticks.

■ Use meticulous sterile technique to prevent infection,
and never pass the needle through infected skin.

■ Take a careful allergy history to avoid a hypersensitivity
reaction from an allergy to the medication.

■ Clotting abnormalities should be corrected prior to aspi-
rating a hemarthrosis.

■ Have the patient in a sitting or lying position to avoid a
postprocedural vasovagal episode.

■ If you are culturing for Neisseria gonorrhoeae, be sure you
have the correct culture medium. Store the specimen in
an anaerobic environment.

■ Be sure to use adequate local anesthesia to keep the pro-
cedure relatively painless.

CENTRAL VENOUS CATHETERIZATION

Seldinger Technique

This technique, first described by Sven Ivar Seldinger in
1952, is now the standard approach for the insertion of a
catheter into a blood vessel or space. Using the Seldinger
technique, the clinician places an introducer needle
into the desired blood vessel, next inserts a guidewire
through the introducer needle, and finally slides the catheter
over the guidewire (Figure 27.14).
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Panel A
Introduce needle through
puncture into vessel.

Panel B
Slide guidewire through
needle into vessel.

Panel C
Remove needle, leaving
guidewire in place.

Panel D
Slide dilator over guide-
wire into vessel. Remove
dilator.

Panel E
Slide catheter over guide-
wire into vessel.

Panel F
Remove guidewire, leav-
ing catheter  in place.

Figure 27.14 The Seldinger technique. Panel A. 1. Introduce needle on syringe through punc-
ture wound in skin into the vessel (for arterial cannulation, syringe unnecessary; for venous cannu-
lation, aspirate gently). 2. Remove syringe. Panel B. 3. Slide soft-tip of J-tip guidewire through
needle into vessel. Panel C. 4. Remove needle, leaving guidewire in place. Panel D. 5. Insert dila-
tor over guidewire into vessel. 6. Remove dilator. Panel E. 7. Slide catheter over guidewire into
vessel. Panel F. 8. Remove guidewire, leaving catheter in place. (Reprinted from VanderSalm TJ,
Cutler BS, Wheeler HB, eds. Atlas of Bedside Procedures. Boston/Toronto: Little, Brown and Com-
pany, 1988, with permission.)

Indications

■ Need for intravenous access in an emergency
■ Central venous pressure monitoring (internal jugular or

subclavian vein cannulation)
■ Hyperalimentation
■ Vasopressor administration
■ Transvenous pacemaker insertion
■ Hemodialysis
■ Cardiac catheterization
■ Pulmonary angiography

Contraindications

■ Insertion of a needle through an area of cutaneous
infection

■ Patients with distorted local anatomy or landmarks
■ Previous radiation therapy to the clavicular area (for sub-

clavian vein cannulation)
■ Patients with significant chest wall deformities (for sub-

clavian vein cannulation)
■ Bleeding disorders or anticoagulation therapy
■ Vasculitis
■ Suspected pre-existing injury to the vessel
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Equipment

Skin prep

■ Sterile sponges, alcohol, povidone-iodine solution

Sterile field

■ Mask, gown, gloves, sterile drape

Local anesthetic

■ Plastic syringe, 3-ml, with 22-gauge needle
■ Lidocaine 1%, 5ml

Cannulation Equipment

■ Multilumen (triple-lumen) central venous catheter set
with 7 Fr � 6� (16 cm) radiopaque catheter or single-
lumen central venous catheter set

■ Saline flush
■ Suture material in kit
■ Scalpel

Dressing

■ Antibiotic ointment
■ Sponges
■ Transparent adhesive film

Infusion

■ Intravenous solution, tubing, and IV stand

Technique

Prepare equipment and obtain necessary consent according
to hospital policy. Put on a protective mask and gloves. Pre-
pare the insertion area with swab sticks or sterile gauze
soaked with the povidone-iodine solution. Warn the pa-
tient that the solution will be cold.

Insert the introducer needle into the desired blood ves-
sel as described in the appropriate subsection below. Ad-
vance the introducer needle with its cannula into the
blood vessel, aspirating gently until there is a flashback of
venous blood, usually at a depth of 3–4 cm. For internal
jugular or subclavian vein cannulation, keep the needle
and syringe almost parallel to the table, at a 20-degree
angle. When there is free flow of blood from the open
cannula, prepare to slide the guidewire through the blood
vessel.

Pulsatile flow identifies an arterial puncture and mandates
immediate withdrawal of the needle (1). A single arterial
puncture without laceration rarely causes serious harm.

If there is no blood return, aspirate gently to confirm in-
travenous location. If blood is still not aspirated, remove
the needle and start again. Do not reinsert the needle
through the in situ cannula because of the risk of shearing
of the catheter tip.

When it is time to slide the guidewire, occlude the can-
nula hub with your thumb to prevent bleeding or air em-
bolus. When using a safety syringe and hollow plunger

with a guidewire opening, there is no need to remove the
needle/cannula from the syringe. For internal jugular or
subclavian vein cannulation, ask the patient to exhale,
hum, or perform a Valsalva maneuver to raise intrathoracic
pressure and reduce the possibility of a pneumothorax.
Slide the guidewire through the cannula into the blood ves-
sel. For internal jugular or subclavian vein cannulation,
turn the patient’s head to the ipsilateral side as the
guidewire is advanced to prevent the guidewire from going
up the internal jugular vein.

Remove the cannula, holding the guidewire in place. In-
cise the skin about 1.5 cm with a no. 11 blade over the wire.
Pass the vessel dilator over the guidewire, and then remove
the dilator while holding the wire in place.

For internal jugular or subclavian vein cannulation,
judge the approximate distance from the puncture site
to the superior vena cava, and then insert the single- or
multilumen central venous catheter over the wire. Thread
the catheter over the wire until it protrudes from the infu-
sion port. Hold the wire firmly, and while holding the
catheter near the entry, use a twisting motion to push
the catheter over the guidewire to the predetermined
length, if any.

The guidewire should slide out of the distal infusion port
while the catheter is held firmly in place. If the wire does not
slide easily, do not force it in, but pull the catheter back 1–2
cm and try again. If the wire cannot be removed, both the
catheter and wire may have to be removed together.

With the central line catheter in place and the wire re-
moved, draw blood and cultures through the distal port
with a vacutainer. After collecting blood, connect this port
to the intravenous line or attach the cap.

There should be blood throughout the lumen; if not, as-
pirate until the lumen is filled with blood, and flush with
saline solution to avoid air entrapment. This process
should be performed on all the ports.

Secure the catheter to the skin by suturing the catheter
clamp or by stapling (some kits have manual staples that fit
through the clamp holes) (Figure 27.15). Apply a sterile
dressing over the puncture site, and tape securely.

After internal jugular or subclavian vein cannulation,
obtain a chest radiograph to confirm placement of the
catheter in the superior vena cava and to exclude a pneu-
mothorax or hemothorax.

Internal Jugular Vein Cannulation

The internal jugular vein is the most common site for central
venous access. Knowledge of neck anatomy is important.

Procedure

Position
Assure adequate lighting and elevate the bed to a comfort-
able level. Have the patient in a supine position in Trende-
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lenburg 10–20 degrees. Turn the patient’s head away from
the internal jugular vein site.

Landmarks
The apex of the triangle formed by the two heads of the
sternocleidomastoid muscle and the clavicle serves as a
landmark. The internal jugular vein runs deep to the
sternocleidomastoid muscle and then through this triangle

before it joins the subclavian vein to become the brachio-
cephalic vein (Figure 27.16).

Technique
After prepping the neck and clavicular area, infiltrate 1% li-
docaine anesthetic into the apex of the triangle formed by
the two heads of the sternocleidomastoid muscle and the
clavicle.

Place the patient in Trendelenburg position with the
head rotated 45 degrees away from the site of cannulation.
Place the index and middle finger of the nondominant
hand on the carotid artery and insert a 22-gauge finder
needle through the skin, immediately lateral to the carotid
pulse and slightly superior to the apex of the triangle. The
needle is advanced past the apex of the triangle, in the di-
rection of the ipsilateral nipple, at an angle of 20 degrees
above the plane of the skin, keeping it almost parallel to the
bed. The vein is usually located near the surface of the skin
and is often cannulated at a depth of less than 1.3 cm. If the
first pass is unsuccessful, the needle should be directed
slightly more medially on the next attempt.

With the finder needle in place, insert the 18-gauge intro-
ducer needle right alongside it and into the vein. Follow the
general Seldinger technique as described in Figure 27.14.

Subclavian Vein Cannulation

Procedure

Position
Assure good lighting and elevate the bed to a comfortable
level. Have the patient in a supine position in Trendelen-
burg 10–20 degrees, with the option of placing a roll under
the patient’s shoulders to accentuate the clavicles. Turn the

Figure 27.15 Subclavian vein cannulation and the technique of
securing the catheter to the skin. (Reprinted from VanderSalm TJ,
Cutler BS, Wheeler HB, eds. Atlas of Bedside Procedures.
Boston/Toronto: Little, Brown and Company, 1988, with permission.)

Figure 27.16 Landmarks for internal jugular vein catheterization. (Reprinted from AHRQ Web
M&M, March 2004: http://webmm.ahrq.gov/spotlightcases.aspx?ic�51, with permission.)
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patient’s head away from the subclavian vein site (Figure
27.17).

Landmarks
The axillary vein, which becomes the subclavian vein as it
crosses the first rib, is a 10–20 mm large, valveless vessel.
The vein lies posterior to the medial third of the clavicle. It

is separated from the subclavian artery by the anterior sca-
lene muscle, which has a thickness of 10–15 mm. Other
important structures related to the course of the vein are the
vagus and phrenic nerves, which course medially in front of
the subclavian artery. The trachea and esophagus lie medial
to the vein. No vital structures are crossed in entering the
vein at the medial one-third of the clavicle between the
subclavian vein and the skin (Figure 27.18).

Technique
After preparing the neck and anterior chest area, infiltrate
1% lidocaine anesthetic into the middle of the clavicle, and
insert the needle 2–3 cm caudal under the clavicle (Figure
27.19). If the patient is on mechanical ventilation, the ven-
tilator must be disconnected while performing this maneu-
ver to avoid a pneumothorax from the positive airway
pressure.

The left index finger is placed in the suprasternal notch,
and the thumb is positioned at the costoclavicular junc-
tion. These landmarks serve as the reference points for the
direction of the needle as you aim for the suprasternal
notch (Figure 27.20).

A finder needle is generally not long enough to locate
the subclavian vein and is therefore not used. Insert the 18-
gauge introducer needle attached to the syringe through the
same anesthetic puncture site into the subclavian vein. Fol-
low the general Seldinger technique as described above.

The correct position of the catheter is in the superior
vena cava, not the right atrium or ventricle. The superior
vena cava begins at the level of the manubrial-sternal
junction and terminates in the right atrium, approxi-

Figure 27.17 Positioning, prepping, and draping for subclavian
vein catheterization. (Reprinted from VanderSalm TJ, Cutler BS,
Wheeler HB, eds. Atlas of Bedside Procedures. Boston/ Toronto:
Little, Brown and Company, 1988, with permission.)

Figure 27.18 Anatomic landmarks for
subclavian vein catheterization. (Reprinted
from VanderSalm TJ, Cutler BS, Wheeler HB,
eds. Atlas of Bedside Procedures.
Boston/Toronto: Little, Brown and Company,
1988, with permission.)
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mately 5 cm lower. Therefore, the catheter should be
threaded 2 cm below the manubrial-sternal junction. This
distance can be estimated by placing the catheter parallel
to the chest wall before insertion. Standard catheters in
central line kits are 16 cm long, which is the appropriate
length for the average adult. Nevertheless, proper place-
ment is best assessed by a chest radiograph rather than by
predetermined measurements.

Femoral Vein Cannulation

The femoral vein is easily located by palpating the femoral
artery (the vein is just medial to the artery). Although
femoral vein cannulation does not potentially jeopardize
critical structures, it carries greater infectious and throm-
botic risks than subclavian or internal jugular cannulation.
Importantly, complication rates are usually lower when

central lines are placed by experienced physicians (“prac-
tice makes perfect”), regardless of the site.

Procedure

Position
Assure good lighting, and elevate the bed to a comfortable
level. Have the patient in a supine position. The leg should
be slightly abducted and externally rotated to increase ex-
posure of the femoral vein.

Landmarks
Identify the femoral vein by palpating the femoral artery,
which is always lateral to the vein in the femoral canal be-
low the inguinal ligament and halfway between the ante-
rior iliac spine and the pubic tubercle. The mnemonic

Figure 27.19 Insertion of the catheter into the subclavian vein. (Reprinted from MCGee DC,
Gould MK. Preventing complications of central venous catheterization. N Engl J Med 2003;
348:1123–1133, with permission.)
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NAVEL (from lateral to medial: Nerve, Artery, Vein, Empty
space, Lymphatics) is a reminder for where the vein is lo-
cated in relation to the artery. A right-handed physician
usually will find it easier to cannulate the right femoral
artery.

Technique
After prepping the groin area, infiltrate 1% lidocaine anes-
thetic medial to the femoral pulse. Aspirate with each
change in needle location to avoid injecting directly into a
blood vessel.

Place the index and middle finger of the nondominant
hand on the femoral artery, and insert a 22-gauge finder
needle with a 5-mL syringe through the skin, immediately
medial to the femoral pulse and below the inguinal liga-
ment. The needle is advanced at an angle of 45 degrees
above the plane of the skin, at a depth of 1–2 cm. If the first
pass is unsuccessful, the needle should be directed slightly
more medially on the next attempt.

With the finder needle in place, insert the 18-gauge in-
troducer needle right alongside it and into the vein. Follow
the general Seldinger technique as described above. Ensure
that the patient will not ambulate with the femoral catheter
in place. Patients can sit up, but clinicians should be aware
that this position may cause discomfort and kinking of the
catheter.

Ultrasound Guidance for Central
Venous Catheterization

Catheter placement may be assisted by the use of a portable
ultrasound device. Real-time ultrasound can provide visu-
alization of the blood vessels and surrounding structures
before and during insertion of the catheter and thereby re-
duce the incidence of complications, especially when the
anatomy is difficult to discern by palpation (Figures 27.21
and 27.22). Studies have demonstrated improvements in
accuracy and efficiency when internal jugular catheteriza-

Figure 27.20 Hand positioning during subclavian venipuncture (note that gloves should be worn).
(Reprinted from VanderSalm TJ, Cutler BS, Wheeler HB, eds. Atlas of Bedside Procedures.
Boston/Toronto: Little, Brown and Company, 1988, with permission.)
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Figure 27.21 Ultrasound guidance for central vein catheter-
ization. Ultrasound image of the right side of the neck. C. carotid
artery; RIJ. right internal jugular vein. (Reprinted from AHRQ
Web M&M, March 2004: http://webmm.ahrq.gov/spotlight
cases.aspx?ic�51, with permission.)

Figure 27.22 Portable ultrasound machine for vascular access
procedures. (Reprinted by permission of SonoSite, Inc.)

tion was performed with portable ultrasound; the benefits
in subclavian catheterization are less certain (2). However,
real-time ultrasound guidance is a relatively new technique
and requires sufficient training and experience to achieve
competency.

KEY POINTS REGARDING CENTRAL
VENOUS CATHETERIZATION

■ In iodine-allergic patients, pHisoHex or chlorhexidine
gluconate (Hibiclens) is an acceptable alternative to povi-
done-iodine (Betadine) solution or prepackaged sticks.

■ Insert the cannula gently to prevent a hematoma from
developing where the venous wall would be injured or
traversed.

■ Never lose hold of the guidewire, especially when plac-
ing the final catheter over the wire.

■ Be sure to dilate the soft tissue and vessel by making an
adequate scalpel incision and placing the entire dilator
into the vessel.

■ Do not use the subclavian approach in patients who
have coagulation disorders or are receiving full anticoag-
ulation because it is impossible to apply direct pressure
to an oozing subclavian vein.

■ Subclavian venipuncture is not a good route for rapid
volume resuscitation unless no other access is available
because very large (i.e., 14-gauge) catheters are best
placed in the femoral or a peripheral vein. A peripheral 5
cm, 14-gauge catheter can deliver roughly twice as much
fluid as a 20 cm, 16-gauge central venous catheter.

■ To avoid a pneumothorax after the cannulation of the in-
ternal jugular or subclavian vein, abandon the procedure
after two unsuccessful attempts, and keep the syringe on
the needle until the needle is in the vein. To avoid air
embolism (caused when air enters through the open can-
nula or needle), maintain the patient in Trendelenburg
position, and occlude the open needle hub with a finger.
Avoid excessive wire/catheter advancement by premea-
suring the length on the patient’s chest wall; then con-
firm the position of the catheter tip on a chest radio-
graph. After the catheter is placed, raise the head of the
bed to reduce venous pressure and thereby prevent a
hematoma.

■ If a patient with a pre-existing pneumothorax needs cen-
tral venous access, a vein should be cannulated on the
same side as the pneumothorax.

■ Remove the catheter as soon as possible to prevent
catheter-induced thrombosis.

LUMBAR PUNCTURE

Introduction and Indications

Cerebrospinal fluid (CSF) should be obtained via lumbar
puncture in patients with a fever of unknown origin, espe-
cially if there is headache, an altered level of consciousness,
or suggestion of a stiff neck (Chapter 70). The presence of
meningeal signs may not be evident in patients who are
old, debilitated, immunosuppressed, or partially treated
with antibiotics.
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Lumbar puncture should also be performed in patients
who are suspected of having subarachnoid hemorrhage de-
spite a normal head CT scan (Chapter 117) because
5%–8% of acute subarachnoid hemorrhages will not be de-
tected by the initial CT scan.

Other uses of the lumbar puncture include injection of
anesthetic agents, chemotherapeutic agents, and antibi-
otics, and drainage of fluids.

Contraindications

■ Insertion of a needle through an area of infection (cuta-
neous or osteomyelitis)

■ Bleeding diathesis or anticoagulant therapy
■ Papilledema or other signs of increased intracranial

pressure
■ Focal neurological signs until a space-occupying lesion is

excluded

Equipment

Skin prep

■ Sterile sponges (usually three swab sticks, or prepack-
aged povidone-iodine sticks)

■ Povidone-iodine (Betadine) solution
■ Alcohol prep pads

Sterile field

■ Gloves, mask, sterile drape, and towel

Local anesthetic

■ Syringe, 3-mL
■ Needles, 25- and 22-gauge
■ Lidocaine, 1%

Prepackaged lumbar puncture preparation kits,
including

■ Spinal needle with stylet 20-gauge � 3 1/2 inch
■ Four specimen vials with caps, 10 ml

■ Manometer with three-way stopcock

Dressing

■ Gauze pads
■ Bandage

Procedure

Position

The most important step in this procedure is positioning
the patient. The lateral decubitus position, with the patient
flexed in fetal position, is the most common approach. The
back should be at the edge of the bed, and the knees, hips,
back, and neck should be maximally flexed. Shoulders and
pelvis should be perpendicular to the floor.

Landmarks

Find the midline of L4-L5 or L5-S1, which is an imaginary
measured line drawn from the patient’s posterior superior il-
iac crest to the floor (in the lateral decubitus position) (Fig-
ure 27.23). The adjacent interspace above or below may be
used, depending on which appears to be most open to pal-
pation. The spinal cord ends at the level of L1-L2 in adults.

An alternative is the sitting-up approach, which is used for
obese patients and patients with lumbar spondylosis,
rheumatoid arthritis, scoliosis, or ankylosing spondylitis.
Have the patient sit on the edge of the bed, leaning over
two pillows or sheets on a bed stand (Figure 27.24). Find
the midline of L4-L5 by palpating the posterior superior il-
iac crest and the spinal interspace.

Technique

Prepare the equipment and obtain necessary consent ac-
cording to hospital policy. Put on a protective mask and
gloves. Prepare the puncture site with swab sticks in the
povidone-iodine solution. Warn the patient that the solu-
tion will be cold.

Figure 27.23 Left lateral decubitus position for
lumbar puncture. (Reprinted from VanderSalm TJ,
Cutler BS, Wheeler HB, eds. Atlas of Bedside
Procedures. Boston/Toronto: Little, Brown and
Company, 1988, with permission.)
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Drape the patient. Place a sterile towel between the pa-
tient’s hip and the bed. Infiltrate a skin wheal with 1% li-
docaine anesthetic by using the 25-gauge needle, switching
to the 22-gauge needle for deeper infiltration.

Hold the needle between both thumbs and index fingers
(Figure 27.25). Insert the spinal needle into the subcuta-
neous tissue. The needle should have the bevel parallel to
the axis of the spine. Some have speculated that pointing
the bevel laterally may allow the needle to penetrate the
transverse fibers of the dura rather than cut through them,
thereby reducing spinal fluid leakage after the needle has
been withdrawn.

Angle the needle cephalad, toward the umbilicus. Ad-
vance slowly until a very subtle “pop” is felt as the needle
passes through the ligamentum flavum dura. The “pop”
may not be felt with the very sharp needles in the dispos-
able sets. Accordingly, the operator must remove the stylet
frequently and check for flow of cerebrospinal fluid to
avoid transgressing the subarachnoid space. If there is no
flow, advance the needle with the stylet and check for flow
at each 2 mm interval (in adults, the needle should be at a
depth of approximately 4 cm, depending on the patient’s
body habitus).

When the needle is in the subarachnoid space, attach the
manometer and three-way stopcock. Normal pressures are
70–180 mm CSF. If the readings are elevated, have the pa-
tient relax and extend the legs to decrease intra-abdominal
pressure. Avoid having the patient breathe deeply because
the resulting hypocapnia induces falsely low pressure read-
ings due to cerebral vasoconstriction.

After measuring the pressure, turn the stopcock and
collect the fluid. Tube 1 is used for protein and glucose
levels and for electrophoretic studies. Tube 2 is used for

microbiologic (Gram stain and cultures) and cytologic
studies. Tube 3 is for cell counts and serologic tests for
syphilis. In the presence of a traumatic (bloody) spinal
tap, cell counts should be performed in tubes 1 and 4—if
the source of the blood was tap-related trauma, the red
cell count should be markedly lower in tube 4. A trau-
matic tap is not a particularly dangerous problem, and no
specific precautions are needed except that these patients
should be observed for signs of cord or spinal nerve com-
pression owing to a hematoma.

224 Section II: Critical Care Medicine

Figure 27.24 The sitting position. (Reprinted from Vander-
Salm TJ, Cutler BS, Wheeler HB, eds. Atlas of Bedside Proce-
dures. Boston/Toronto: Little, Brown and Company, 1988, with
permission.)

Figure 27.25 Hand position during lumbar puncture, showing
the insertion of the spinal needle into the subcutaneous tissue.
(Reprinted from VanderSalm TJ, Cutler BS, Wheeler HB, eds. Atlas
of Bedside Procedures. Boston/Toronto: Little, Brown and Com-
pany, 1988, with permission.)
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Remove the needle after collection, and apply a dress-
ing. Instruct the patient to remain flat in bed for 1–3 hours.

KEY POINTS REGARDING
LUMBAR PUNCTURE

■ In iodine-allergic patients, pHisoHex or chlorhexidine
gluconate (Hibiclens) is an acceptable alternative to
povidone-iodine (Betadine) solution or prepackaged
sticks.

■ To prevent transtentorial or tonsillar herniation, never
perform a lumbar puncture in the presence of pa-
pilledema or focal neurological signs unless a mass is
excluded.

■ Keep stylet in place with the needle. This method pre-
vents viable epithelial cells from entering the spinal
canal, where they can form an intraspinal epidermoid
cyst.

■ Use sterile technique, and avoid performing lumbar
puncture through an area of cellulitis to prevent iatro-
genic meningitis, epidural empyema, or subdural
empyema.

■ Remove small volumes of fluid slowly, and prescribe
prolonged bedrest (an extra few hours) in elderly pa-
tients. The removal of large volumes may result in the
tearing or avulsion of perforating veins.

■ Avoid excessively lateral or deep penetration so as to
keep from lacerating the anterior or lateral epidural ve-
nous plexus.

■ Transient headache occurs after 5%–30% of all punc-
tures. Headaches usually persist for 1–2 days, but oc-
casionally last up to 10 days. Headaches are usually
suboccipital in location. Keep patients well hydrated
and remove only the volume of fluid needed for
studies.

■ Use adequate anesthesia to prevent backaches.
■ Insert the spinal needle with the bevel parallel to the axis

of the spine to prevent the spinal needle from punctur-
ing or grazing the nerve root and causing transient radic-
ular pain.

■ If the opening pressure is unusually high, have the pa-
tient straighten the legs, and recheck the pressure.

PARACENTESIS

Introduction

Abdominal paracentesis to remove up to 100 ml of ascites
may be performed safely and easily at the bedside with
simple needle aspiration. For patients who have reduced
respiratory capacity and difficulty breathing, 3–6 liters may
be removed slowly, to avoid hypotension and electrolyte
disturbances. Large-volume paracentesis (greater than 6

liters) may have an immediate hemodynamic effect, with
precipitous hypotension, tachycardia, and oliguric renal
failure.

Complications of paracentesis are usually minor and in-
frequent if appropriate procedure is followed. Procedure-
associated risks include a 1% risk of significant abdominal-
wall hematoma, a 0.01% risk of hemoperitoneum, and a
0.01% risk of iatrogenic infection. The only absolute con-
traindications to paracentesis are disseminated intravascu-
lar coagulation or recent thrombolytic therapy. Severe co-
agulopathy and thrombocytopenia (INR �2 or platelet
count �50) may need correction prior to the procedure to
minimize the risk of bleeding, although there are no data
supporting specific cut-offs.

Indications

■ Diagnosis of infection or malignancy
■ Therapeutic relief of excess peritoneal fluid

Contraindications

■ Insertion of a needle through an area of cutaneous
infection

■ Pregnancy
■ Prolonged prothrombin time and a low platelet count

(relative contraindications)

Equipment

Commercially prepared thoracentesis/paracentesis kits
have most of the equipment, but if a kit is not available, the
following equipment can be assembled.

Skin prep

■ Sterile gauze
■ Povidone-iodine solution or prepackaged povidone-

iodine sticks
■ Alcohol prep pads

Sterile field

■ Gloves, mask, sterile drape

Local anesthetic

■ Syringe, 5-ml
■ Needles, 25- and 22-gauge
■ Lidocaine 1%, 10 mL

Paracentesis

■ 50-mL syringe with three-way stopcock
■ 14- or 16-gauge angiocatheters or Caldwell paracentesis

needle/catheter
■ Curved clamps, two
■ Sterile connecting tubing (from stopcock to bottle)
■ Specimen tubes
■ Plasma vacuum bottles
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Procedure

Position

The supine position is the most common approach. An al-
ternative approach is the lateral decubitus position.

Landmarks

There are four standard landmarks for paracentesis (Figure
27.26). Most physicians prefer the lower abdominal sites.
Others claim that the specific location is not important if
the site is lateral to the rectus sheath so that the inferior epi-
gastric artery is avoided.

Technique

Prepare your equipment and obtain necessary consent ac-
cording to your hospital’s policy. Put on a protective mask
and gloves. Prepare and drape your patient using sterile
technique. Warn the patient that the solution will be cold.

Infiltrate a skin wheal with 1% lidocaine anesthetic by
using the 25-gauge needle and switching to the 22-gauge
needle for deeper infiltration. For simple diagnostic para-
centesis, a 50-mL syringe with a 20- or 22-gauge needle or
angiocatheter is sufficient. For removal of large volumes of
fluid, insert an 18- or 20-gauge spinal needle or angio-
catheter into the subcutaneous tissue.

Insert the needle at an angle, or use the Z-tract technique
(retraction of the abdominal skin caudad before inserting
the needle). This technique is often used to help seal the
needle tract after paracentesis, thereby preventing persis-
tent ascitic fluid drainage.

A minimum of 50 cc ascitic fluid is required for ade-
quate studies (Chapter 83). In patients with tense ascites
that causes respiratory distress, the removal of 1–3 liters
will be necessary for symptomatic relief.

Suction should be applied while the needle is advanced
and until abdominal fluid is obtained. If the initial fluid
stops, the needle or catheter can be rotated or angulated.
The catheter should never be withdrawn through the nee-
dle, as this may cause shearing of the cannula. Turning the
patient to a lateral decubitus position may help if the pa-
tient is initially supine.

For removal of large volumes of fluid, attach a 50-ml sy-
ringe to a three-way stopcock (optional) and intravenous
tubing. Once fluid is aspirated from the syringe, attach the
IV tubing to the vacuum bottle, and open the stopcock to
the bottle. When the procedure is completed, remove the
catheter and needle as a unit in one fast, continuous mo-
tion, and apply a sterile occlusive dressing to the site. Pub-
lished literature supports the use of plasma expanders
(particularly albumin) to prevent circulatory dysfunction
after large-volume (�5 liters) paracentesis (3).

Commercially prepared thoracentesis/paracentesis kits
are another alternative. The catheters in these kits are larger
than necessary for paracentesis and can cause leakage at the
site after removal.

Patients with definite ascites and no prior surgery can
undergo bedside paracentesis safely without radiologic lo-
calization. If the fluid level is difficult to detect, or if there
are surgical scars, portable ultrasound can be used to help
locate the fluid and help visualize the surrounding struc-
tures to avoid perforations.

KEY POINTS REGARDING PARACENTESIS

■ In iodine-allergic patients, pHisoHex or chlorhexidine
gluconate (Hibiclens) is an acceptable alternative to
povidone-iodine (Betadine) solution or prepackaged
sticks.

■ Empty the bladder to prevent puncture of a full bladder.
■ Do not insert the needle over sites of surgical scars to pre-

vent bowel perforation resulting from possible intra-
abdominal adhesions. In patients with prior surgery,
consider the use of ultrasonic guidance.

■ Correct clotting abnormalities to avoid serious intraperi-
toneal or abdominal wall hematoma.

■ Avoid the rectus muscle, where the superior and inferior
epigastric vessels lie.

■ Avoid visible collateral venous channels on the abdomi-
nal wall.

■ Insertion of the needle through the linea alba (relatively
avascular midline) lessens the risk of hemorrhage.

■ Persistent fluid leakage may be remedied by placing a
purse-string suture around the puncture site and by in-
structing the patient to lie on the side opposite to the
puncture site.

226 Section II: Critical Care Medicine

Figure 27.26 Standard landmarks for paracentesis, including the
four quadrants lateral to the rectus muscle and a few centimeters
below the umbilicus in the middle. (Reprinted from Roberts JR,
Hedges JR. Clinical Procedures in Emergency Medicine. 3rd ed.
Philadelphia: WB Saunders, 1998, with permission.)
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THORACENTESIS

Introduction

Thoracentesis is a method for removing pleural air or pleu-
ral fluid for diagnostic or therapeutic purposes. If fluid,
blood, or air accumulates in the pleural space, respiration
may be compromised. If the accumulation is rapid and pro-
gressive (e.g., tension pneumothorax), there may be car-
diovascular compromise in addition to severe respiratory
effects. The underlying etiology of an effusion will also af-
fect the severity of symptoms.

The pleural space, which is a potential space between
the visceral and parietal pleura, normally contains a thin
physiologic layer of pleural fluid. With normal inspiration,
negative pressure develops within the thorax and is trans-
mitted through the pleural space to the pulmonary
parenchyma, thereby allowing the influx of air. During nor-
mal expiration, the elasticity of the pulmonary parenchyma
and chest wall allows exhalation.

Indications

■ Diagnosis of pleural effusion
■ Therapeutic removal of pleural air or fluid

Contraindications

■ Insertion of a needle through an area of infection
■ Bleeding diathesis or anticoagulant treatment without

correction of the clotting deficits
■ Ipsilateral ruptured diaphragm unless performed under

ultrasound or fluoroscopic guidance

Equipment

Commercially prepared thoracentesis needle/catheter kits
have most of the equipment, but if a kit not available, the
following equipment can be assembled.

Skin prep

■ Sterile gauze
■ Povidone-iodine solution (Betadine) or prepackaged

povidone-iodine sticks
■ Alcohol prep pads

Sterile field

■ Gloves, mask, sterile drape

Local anesthetic

■ Syringe, 5-mL
■ Needles, 25- and 22-gauge
■ Lidocaine 1%

Thoracentesis

■ 50-ml syringe with 3-way stopcock
■ 14- or 16-gauge angiocatheters, or 16- or 18-gauge

pigtail catheter with a guidewire
■ Curved clamps, two
■ Sterile connecting tubing (from stopcock to bottle)
■ Specimen tubes
■ Plasma vacuum bottles

Procedure

Position

Positioning of the patient depends on whether the proce-
dure is intended to remove air or fluid. To evacuate a pneu-
mothorax, the patient should be supine with the head of
the bed elevated 30 degrees (Figure 27.27). To drain an

Figure 27.27 Thoracentesis. The
position for air removal. (Reprinted
from VanderSalm TJ, Cutler BS,
Wheeler HB, eds. Atlas of Bedside
Procedures. Boston/Toronto: Little,
Brown and Company, 1988, with
permission.)
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Figure 27.28 Thoracentesis. The position for fluid removal.
(Reprinted from VanderSalm TJ, Cutler BS, Wheeler HB, eds. Atlas of
Bedside Procedures. Boston/Toronto: Little, Brown and Company,
1988, with permission.)

Figure 27.29 The optimal site for needle aspiration of pneumo-
thorax: the second intercostal space at the midclavicular line.
(Reprinted from O’Connor RE, Feldstein JS, Bouzoukis JK. Thoracen-
tesis in the emergency department. J Emerg Med 1985;2:433–442,

effusion, have the patient sit up and lean forward against a
table with a pillow (Figure 27.28).

Landmarks

The site for aspiration of air should be the second inter-
costal space in the midclavicular line unless adhesions are
present (Figure 27.29).

The site for aspiration of fluid is the midscapular line
or the posterior axillary line at a level below the top of
the fluid (Figure 27.30). This level is appreciated clinically
by the height of dullness to percussion and the decrease
in tactile fremitus. Ultrasound guidance should be used, ei-
ther by the treating physician, if he or she is competent, or
by a radiologist, to determine the appropriate level.
Radiographic localization (with ultrasound, CT, or fluo-
roscopy) is also appropriate for small or loculated effu-
sions.

Technique

Prepare the equipment and obtain necessary consent ac-
cording to hospital policy. Prior to the procedure, place the
patient on supplemental oxygen. Hypoxemia invariably
follows drainage of a pleural effusion or pneumothorax.
The drop in PaO2 ranges from 5–20 mm Hg and is pre-
vented by oxygen supplementation.

Obtain radiographic studies as needed until you are
comfortable with the diagnosis, location, and extent of
pleural effusion. Have your current erect chest radiograph
at the bedside. Confirm fluid level by percussion and/or by
ultrasound. Use the first or second interspace below the
fluid level, but not lower than the eighth intercostal space
(to prevent intra-abdominal puncture).

Put on a protective mask and gloves. Prep and drape
your patient using sterile technique. Infiltrate local anes-
thetic, and aspirate pleural air or fluid. Advance the
needle over the superior edge of the rib and “walk” over
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withdraw the needle (Figure 27.31). Mark the needle
depth with the second clamp to prevent the needle from
penetrating too deep and to minimize the possibility of
perforating the visceral pleura. Small catheter drainage of
pneumothorax has been described but has not gained
widespread acceptance. Aspirate to obtain the fluid and
confirm placement.

For removal of large volumes of fluid, use a 14-gauge in-
tracath needle on a syringe with a stopcock to the same
depth as that marked by the clamp (Figure 27.32). The
catheter should never be withdrawn through the needle be-
cause shearing of the cannula may result. Once the cannula
is in place, remove the clamp, and withdraw the needle
stylet as the cannula is advanced. Attach a 50-mL syringe to
a three-way stopcock and sterile tubing. After fluid is aspi-
rated from the syringe, attach the tubing to the vacuum bot-
tle, and open the stopcock to the bottle.

Patients may experience severe pleuritic chest pain, dys-
pnea, or palpitations if large volumes of fluid are removed
too rapidly. It is recommended that no more than 1 liter be
removed at a time; rarely, removal of large volumes can re-
sult in re-expansion pulmonary edema.

Commercially prepared thoracentesis kits are another
alternative. Follow the same procedures as above, except
use the catheter from the kit (Figure 27.33). Connect the
long catheter with a 5-mL syringe and stopcock. Prepare the
catheter by sliding it out and then back in to break the seal
(Figure 27.34). Insert the needle to the same depth as
marked by the clamp. Aspirate to confirm fluid, and ad-
vance the catheter into the pleural space. Withdraw the nee-
dle from the pleural space while leaving the catheter in the
pleural space (Figure 27.35). Attach the tubing in the kit to
the vacuum bottle, and remove the effusion.

the rib. The needle is held perpendicularly to the chest
and advanced through the intercostal space while the as-
piration-infiltration process is continued until the pleura
is entered.

Once the presence of air or fluid is confirmed, clamp
the needle at the skin level to mark the depth, and then

Figure 27.30 The preferred site for thoracentesis: the sixth
intercostal space, just medial to the scapula. (Reprinted from
O’Connor RE, Feldstein JS, Bouzoukis JK. Thoracentesis in the emer-
gency department. J Emerg Med 1985;2:433–442, with permission.)

Figure 27.31 The technique of thoracentesis. Infiltration of local anesthesia, then confirming the
presence of air or fluid. (Reprinted from VanderSalm TJ, Cutler BS, Wheeler HB, eds. Atlas of Bed-
side Procedures. Boston/Toronto: Little, Brown and Company, 1988, with permission.)
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Figure 27.32 Inserting the thoracentesis needle (attached to the syringe) to the same depth as
that marked by the clamp. (Reprinted from VanderSalm TJ, Cutler BS, Wheeler HB, eds. Atlas of Bed-
side Procedures. Boston/Toronto: Little, Brown and Company, 1988, with permission.)

Figure 27.33 An alternative thoracentesis technique, using a catheter with a Y-sidearm.
(Reprinted from VanderSalm TJ, Cutler BS, Wheeler HB, eds. Atlas of Bedside Procedures.
Boston/Toronto: Little, Brown and Company, 1988, with permission.)
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Figure 27.34 Breaking the seal between the Y and the tube.
(Reprinted from VanderSalm TJ, Cutler BS, Wheeler HB, eds. Atlas
of Bedside Procedures. Boston/Toronto: Little, Brown and Com-
pany, 1988, with permission.)

Figure 27.35 Advancing the catheter into the pleural space.
(Reprinted from VanderSalm TJ, Cutler BS, Wheeler HB, eds. Atlas
of Bedside Procedures. Boston/Toronto: Little, Brown and
Company, 1988, with permission.)

When the procedure is completed, remove the catheter
and needle as a unit in one fast, continuous motion, and
apply a sterile occlusive dressing to the site. Repeat a chest
radiograph to ascertain the amount of fluid removed and to
check for the possibility of a pneumothorax. Send speci-
mens to the laboratory (Chapter 60).

KEY POINTS REGARDING THORACENTESIS

■ In iodine-allergic patients, pHisoHex or chlorhexidine
gluconate (Hibiclens) is an acceptable alternative to
povidone-iodine (Betadine) solution or prepackaged
sticks.

■ Be extremely careful when performing thoracentesis in
mechanically ventilated patients to prevent tension
pneumothorax.

■ Use extreme caution in patients with pleural adhesions
from conditions such as previous tuberculosis, hemo-
pneumothorax or empyema, because of the danger of
piercing the closely approximated visceral pleural and
lung.

■ Avoid performing thoracentesis lower than the eighth in-
tercostal space posteriorly to avoid a splenic or hepatic
puncture.

■ Use a short-beveled needle and/or clamp the needle to
prevent excessive penetration and to avoid a pneumo-
thorax or organ puncture.

■ Insert the needle at the superior margin of the rib to
avoid laceration of the intercostal vessels that lie directly
under the rib.

■ Correct abnormal bleeding prior to procedure.
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Medical Consultation
Geno J. Merli Howard H. Weitz

INTRODUCTION

Over the past 30 years, the role and responsibilities of the
medical consultant have changed. This evolution has re-
sulted, in part, from the availability of consensus and evi-
dence-based guidelines regarding patient evaluation and
care as well as from increased social and financial pressures
to minimize the length of hospital stay. Traditionally, pre-
operative assessment and postoperative follow-up of the
surgical patient were the predominant roles of the medical
consultant. More recently, the medical consultant’s role has
expanded to include the assessment and care of patients
who are hospitalized with medical problems on nonmedi-
cal services such as psychiatry, rehabilitation medicine, and
obstetrics and gynecology. The medical consultant must
possess a broad fund of knowledge and expertise to address
an ever-widening scope of responsibility. This chapter in-
troduces fundamental issues of the art and communication
of medical consultation.

ORGANIZATIONAL STRUCTURE OF
MEDICAL CONSULTATION SERVICES

The structure of medical consultation services varies
among institutions, and a range of organizational struc-
tures can meet the goal of providing high-quality consul-
tative medicine. The least centralized structure allows or
even encourages each generalist and specialist to perform
consultations or provide medical comanagement for his
or her own patients or the patients of others consistent
with any traditional referral patterns at a particular hospi-
tal. This approach is analogous to the prehospitalist stage
of inpatient medicine. Recently, however, the availability
of hospitalists to care for medical inpatients has been
transforming practice patterns in inpatient consultative
medicine as well. Hospitalists are readily available and
should be appropriately skilled to provide timely consul-

tation and needed inpatient follow-up. As a result, the or-
ganization of inpatient consultation may well go through
stages similar to those for inpatient medical care.

Innovative medical consultation programs have ex-
panded their scope substantially. Instead of a responsive
service that provides prompt and efficient consultation on
request, these newer services provide routine comanage-
ment of the medical problems of patients hospitalized on
nonmedical services (1). For example, a system may be in
place for routine medical consultation whenever a non-
medical attending physician admits a patient with a diag-
nosis of insulin-dependent diabetes, asthma or chronic
obstructive pulmonary disease requiring bronchodilators,
prior myocardial infarction, or heart failure (2). An
automatic consultation also may be triggered by the de-
velopment of a number of in-hospital problems, such
as transfer to an intensive care unit, a chest radiograph
demonstrating pulmonary edema, a positive ventilation-
perfusion scan suggesting pulmonary embolism, or posi-
tive blood cultures. In some institutions, these consulta-
tions are directed to the relevant medical specialist, but in
other settings they initially may generate a consultation
with a hospitalist, either because of the hospitalist’s ready
accessibility or because of multiorgan system disease. In
addition, the hospitalist’s familiarity with posthospital al-
ternatives, such as skilled nursing facilities and home care,
that help explain hospitalists’ ability to reduce length of
stay, may also be relevant to many nonmedical inpatients.

In the comanagement model, the medical consultant
becomes responsible for the patient’s nonsurgical issues, ei-
ther preexisting or newly developed. Comanagement is es-
pecially useful in situations in which surgical physicians are
not routinely available to deal with postoperative problems
because of their heavy commitment in the operating room.
Medical expertise is also especially useful for complicated
medical problems on services that are less accustomed to
dealing with multiorgan system disease, such as orthope-
dic, urologic, and ear, nose, and throat services. Comanag-
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ment is also common on services in which particular types
of medical problems are prevalent; examples include cardi-
ologic expertise in patients undergoing vascular surgery
and pulmonary expertise in patients undergoing lung
surgery. Substantial data indicate that medical comanage-
ment of problems such as insulin-dependent diabetes by
an experienced physician can improve the efficiency of in-
patient care (2). In these models, the consultant commonly
takes delegated responsibility for the medical problem,
which generally includes ordering indicated diagnostic
tests and therapeutic interventions.

In many institutions, medical physicians may partici-
pate in a formal system of preoperative evaluation in a pre-
operative testing center. Commonly, such units are staffed
primarily by anesthesiologists who review the patient’s po-
tential anesthetic and surgical risks in the context of the
medical history. The ready availability of a medical consul-
tant can increase the efficiency of such units and avoid
unnecessary delays in surgery.

TEN COMMANDMENTS OF MEDICAL
CONSULTATION

To provide direction for the responsibilities of the med-
ical consultant, 10 “commandments” have been pro-
posed to elevate the art of medical consultation (3).
These 10 points, which are not only practical but also
appropriate in defining the role of the medical consul-
tant, can be as relevant now as when they were first
proposed more than 20 years ago (4).

Once a medical consultant receives a request for a con-
sultation, it is his or her responsibility to complete this
request in a timely fashion. If circumstances preclude
completion of the consultation, the consultant must no-
tify the requesting physician in ample time for another
consultant to complete the task promptly.

The consultant should focus on the issues that the re-
questing physician has indicated. If the request for consul-
tation is not clear, communication with the requesting
physician or house staff is important for defining the
reason for consultation.

A complete history, physical examination, assessment
of pertinent laboratory tests, and review of appropriate
medical records must be provided. The consultant is
responsible for acquiring all relevant data that pertain to
the request for consultation. This responsibility may
require contacting other physicians or hospitals about
previous laboratory tests, chest radiographs, cardiac-
catheterization results, or electrocardiograms.

The consultant must identify and summarize all the
pertinent medical problems with respect to their
current status and therapeutic management. This review
should be thorough enough for the consultant to be able

to assume responsibility for the patient’s care should the
need arise.

The management plan should be concise, and the ther-
apeutic regimen should be clearly delineated. Requesting
physicians will not read or follow long-winded plans. The
consultant always should provide options or alternatives
for management to give the requesting physician latitude
for care should he or she not be comfortable with a partic-
ular form of therapy.

New problems or diagnoses that the consultant discov-
ers must be brought to the attention of the requesting
physician. Only if the findings are truly emergent and re-
quire immediate intervention should the consultant act
on them without prior discussion with the requesting
physician.

The consultant must provide appropriate documenta-
tion of his or her plan in the chart for the requesting physi-
cian. Verbal communication with the physician or house
staff increases the likelihood that the therapeutic regimen
or diagnostic assessment will be carried out. Comanagers
not only provide the consultation but help effect the iden-
tified recommendations with the agreement of the request-
ing physician.

The follow-up care of patients is dictated by the medi-
cal problems identified in the initial evaluation. Issues
may include the follow-up of abnormal laboratory results,
the adjustment of medications, or the evaluation of spe-
cific medical problems that are important to the surgeon
or postoperative care provider. When the consultant’s role
in the care of the patient is completed, the consultant
should document the termination of care in the medical
record.

The consultant must develop a rapport with the request-
ing physician to define the patient care responsibilities for
each physician. This relationship may define the role as
pure consultant or as comanager with its associated order
writing, test ordering, and day-to-day care.

Requesting physicians will appreciate a consultant who
provides insightful information concerning the manage-
ment of their patient. This teaching function should be
done with tact and without condescension.

The primary physician, the consultant, and the patient
have a complex relationship. The consultant has respon-
sibilities both to the patient and to the requesting physi-
cian. In general, the preferred way for the consultant to
maximize the patient’s benefit is by acting through the
requesting physician. Skilled consultants can resolve any
potential differences with the requesting physician and
present a unified, easily understandable plan of action to
the patient. Although the consultant has a responsibility
to the patient to bypass the requesting physician if it is
the only way to avoid harm, in practice the two physi-
cians should privately resolve such conflicts to maximize
the quality of care and avoid placing patients in a posi-
tion of grappling with conflicting advice.
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FORMAT

The actual documentation of a medical consultation can
have many formats. One format is a written document
based on the Health Care Financing Agency guideline (5)
for appropriate documentation for level of service to assure
compliance with established standards for all third-party
insurers and a database from which to develop impressions
and plans.

The consultation document consists of two pages (Fig-
ure 28.1). The front page has the impression and plan of
management clearly delineated based on the reason for
the consultation and the pertinent findings. The plan is
specific with respect to dosing of medications, manage-
ment strategies for concomitant diseases, and the ordering
of additional testing. In the case of surgical patients, this
assessment and plan must include cardiac risk stratifica-
tion, prophylaxis of deep venous thrombosis and pul-
monary embolism, and the care of concomitant medical
problems.

The second page of the consultation form documents
the reason for the consultation, history of the present ill-
ness, medical history, surgical history, family history, social
history, review of systems, physical examination, and labo-
ratory testing. This detailed database is primarily for the
medical consultant’s future reference and management
planning.

Compliance with consultants’ recommendations is more
common if the consultant has direct contact with the re-
questing physician, makes a limited number of recommen-
dations, clearly identifies high-priority recommendations,
continues to see the patient after the original consultation,
and offers specific recommendations regarding drug
dosage, route, and duration (6).

GENERAL INDICATIONS FOR MEDICAL
CONSULTATION

Trying to define the indications for a medical consultation
is a difficult task. In the case of the surgical patient, the re-
questing physicians must assess specific diseases for spe-
cific surgical procedures. The most practical approach is to
assess risk factors based on organ-specific disease and
postoperative outcomes. For nonsurgical consultations,
the indications are defined by the requesting physician’s
need for assessment or comanagement of a medical prob-
lem. For example, substantial data exist to guide recom-
mendations for patients with cardiovascular disease who
undergo noncardiac surgery (5,6), patients with pul-
monary disease undergoing surgery (7), and the risk of
deep vein thrombosis or pulmonary embolism in the
postoperative period (8).

In the case of nonsurgical consultation requests, the re-
questing physician dictates indications. For example, for a

psychiatric patient with anemia and elevated liver enzymes,
medical consultation would be requested for evaluation
and ongoing care. It is currently difficult to provide specific
guidelines for this type of consultation.

INFORMAL CONSULTATION

In addition to formal consultation, informal or “curbside”
consultations are a remarkably common component of the
medical care system (9,10). Hospital-based physicians are
likely to receive many such informal requests because of
their high visibility in the hospital corridors and their ex-
pertise both with inpatient medical problems and with the
interface between the hospital and posthospital care. Infor-
mal consultations or requests for targeted advice serve crit-
ical roles in medical communication and as ideal mecha-
nisms for assessing the priority and necessity of more
formal consultation. By providing useful curbside advice,
consultants build trust and camaraderie. The ability to pro-
vide useful yet pithy assistance in the curbside mode por-
tends well for a consultant’s ability to provide helpful and
efficient formal consultation if more detailed evaluation is
appropriate. Most consultants believe that responsiveness
to curbside questions often can solve a focused problem for
the patient at hand and also establish the credibility and
hence increase the profile (and ultimately the volume) of
medical consultations. However, the consultant must be
careful not to make definitive recommendations based on
inadequate data. If and when more formal consultation is
appropriate, the consultant should make this preference
clear. If a consultant feels uncomfortable about giving ad-
vice without seeing the patient, it is recommended that the
requesting physician be asked a question along the line of,
“Do you mind if I see the patient myself before I make a
recommendation?”

KEY POINTS

■ Medical consultation can be organized in a variety of
ways. Innovative services often provide comanagement
as well as episodic consultations triggered by particular
problems rather than being entirely dependent on re-
quests for consultation.

■ General guidelines (e.g., the 10 commandments of con-
sultation) can improve the art and efficiency of consul-
tation.

■ The consultant has a complicated tripartite relationship
with the requesting physician and the patient.

■ Informal “curbside” consultations can be a useful part of
the medical care system.

■ Compliance with consultative recommendations in-
creases if the consultant directly communicates a limited
number of specific, high-priority suggestions guided by
continued participation in the patient’s ongoing care.
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Figure 28.1 Sample consultation report.

Consultation Request

Date of Request 

Problem/Reason for Consultation 

Requesting Physician

Consulting Physician or Department

Consultation Report

Impressions:

1.

2.

3.

Plan (example):

    1. The patient is low risk for postoperative cardiac complications.
    2. The patient is very high risk for DVT/PE. Recommend:
            a. Low-molecular-weight heparin (enoxaparin 30 mg SC q12 hrs) beginning
                12 to 24 hrs postop for 7 to 10 days.
            b. Extended prophylaxis with either enoxaparin 40 mg SC QD or warfarin

with INR goal of 2 to 3. Please refer patient to anticoagulation clinic for
follow-up after discharge.

    3. The patient's hypertension has been well controlled with atenolol 50 mg QD.
 Give 50 mg of atenolol by mouth prior to surgery then resume on postop day 1.

    4. Hold glyburide the morning of surgery and then resume at 5 mg PO QD on post
 op day 1. Fingerstick blood sugar checks the evening of surgery and at 8:00,
 16:00, 20:00 on postop day 1.

Thank you.

(CONSULTING PHYSICIAN)

Consultation Report (cont.):
Reason for Consultation: Perioperative medical management

History of Present Illness

Past Medical History

Social History

Family History

Review of Systems

Physical Examination

Laboratory Evaluation
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Key Principles of 

Anesthesiology
Neal Cohen

INTRODUCTION

The care of the surgical patient has changed significantly
over the past 10 years. Advances in anesthesia and surgical
practices have reduced the morbidity and mortality rates of
surgery. At the same time, a better understanding of the in-
fluence of a patient’s underlying clinical condition on that
patient’s surgery has enabled the anesthesiologist to
address more effectively the needs of both the patient and
the surgeon. The goals for anesthetic management include
the following:

■ Assessment of the patient’s preoperative clinical status
■ Preoperative management to address preexisting clinical

problems relevant to perioperative care and to optimize
the patient’s condition prior to surgery

■ Development and implementation of a plan for anes-
thetic management that provides optimal surgical condi-
tions and minimizes physiologic alterations

■ Definition of a postoperative management strategy that
will ensure the safe transition from the operating room,
reduce postoperative pain, minimize the likelihood of
complications, and shorten the length of stay

Because of advances in surgical care and anesthetic manage-
ment options, sicker patients are able to undergo more
complex procedures safely—with less pain, shorter recovery
periods, and reduced need for inpatient care. Moreover, be-
cause of cost pressures, today’s patients are rarely admitted to
the hospital before surgery, no matter how complex the pro-
posed procedure. In addition, many patients now receive
anesthesia, either general or regional, for procedures per-
formed in settings other than the operating room, including
endoscopy suites, radiology departments, and physicians’
offices. As a result of all these changes in practice, the anes-

thesiologist, primary care provider, and hospital physician
must work more closely together than ever before to ensure a
thorough preoperative assessment, identify and optimize the
management of underlying conditions, and develop a plan of
care for intraoperative and postoperative management. Each
must have an understanding of the patient’s clinical condi-
tion and enough knowledge about the surgical procedure and
approach to anesthetic management to be able to coordinate
care in the perioperative period and beyond.

This discussion reviews some of the most important as-
pects of the preoperative assessment, defines how decisions
are made regarding intraoperative anesthetic management,
and describes the major concerns in the early postoperative
period.

PREOPERATIVE ASSESSMENT

Improved anesthetic techniques, the expansion of mini-
mally invasive (laparoscopic) surgical procedures, and, per-
haps most importantly, a better understanding of the
impact of underlying diseases on anesthetic and surgical
management have allowed more patients to undergo major
surgical procedures more safely than ever before. As a re-
sult, the morbidity and mortality associated with anesthe-
sia and surgery are now lower than ever. For many patients
with severe chronic illness (i.e., diabetes, coronary artery
disease, renal failure), the major risk of complications oc-
curs not while the patient is in the operating room, but a
number of days after the procedure. Accordingly, the anes-
thesiologist, surgeon, and hospitalist must share responsi-
bility for understanding the risks, tailoring perioperative
management to minimize them, and developing a strategy
that addresses both immediate and longer-term needs.
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The initial strategy must include a comprehensive and
thoughtful assessment of the patient’s underlying physiol-
ogy and risk, including issues that influence the decision to
proceed with surgery or that will alter perioperative care.
The first step, therefore, is the preoperative assessment,
which should include a number of critical components.
First, the potential risks associated with the anesthetic man-
agement must be carefully assessed. The American Society
of Anesthesiologists (ASA) has developed a physical status
classification system that has proved to be a valuable tool
for risk stratification (Table 29.1). Although it is not a sys-
tem that specifically defines anesthetic risk, it has provided
a consistent method for evaluating outcome and has been
useful in comparing patient populations to modify man-
agement strategies based on underlying physiology.

The ASA classification is useful, but it provides only an
overview of risk, essentially offering a general assessment
that can be used to guide management. Therefore, it must
be accompanied by a more specific assessment of the pa-
tient’s underlying clinical condition and potential risk
factors. A thorough history and physical examination con-
tinue to be essential components of clinical assessment,
although the evaluation is often completed by the primary
care provider or anesthesiologist days or weeks prior to
surgery. As a result, the evaluation of the patient on the day
of surgery can be abbreviated but must include specific as-
sessments that might influence the approach taken in the
operating room and thereafter.

For the anesthesiologist, the assessment of the airway is
one of the critical components of the preoperative evalua-
tion. For some patients, potential airway problems are ap-
parent based on their history or physical findings. Patients
with obstructive or central sleep apnea pose significant risks,
not only because the airway may be difficult to maintain,
but also because of the associated clinical problems,
including hypoxemia, hypoventilation, and pulmonary
hypertension. In addition, preexisting sleep apnea man-

dates that the anesthesiologist have a plan for ensuring that
the patient has the support necessary in the postoperative
period to prevent airway obstruction or severe hypoxemia,
whether that includes postoperative care in an ICU or
requires availability of continuous positive airway pressure
(CPAP) or other technologies postoperatively.

Careful assessment of the airway is also essential for ev-
ery other patient because for most patients, the manifesta-
tion of airway problems becomes apparent only after the
patient loses normal airway tone and reflexes when fully
anesthetized and paralyzed. Nothing is more frightening to
the anesthesiologist than to take a perfectly healthy patient
to the operating room and have the patient develop serious
complications associated with the airway after induction
and prior to tracheal intubation.

To minimize the likelihood of airway management
problems and to facilitate planning, a number of evaluative
methods are used. First, a routine clinical evaluation of the
airway is performed. It includes assessment of mouth and
jaw mobility, neck mobility, and vocal cord function. In
addition, anesthesiologists frequently assess the airway us-
ing the technique described by Mallampati (Table 29.2)
(1). The classification describes the degree to which, with
routine mouth opening, airway structures are visualized.

This classification system, although not perfectly sensi-
tive nor specific, helps alert the anesthesiologist to poten-
tial problems during laryngoscopy and tracheal intubation.
In doing so, it allows the anesthesiologist to develop con-
tingency plans and consider alternative approaches to the
airway, including the use of a laryngeal mask airway, a
fiberoptic approach to intubation, or other options. The as-
sessment that airway management may be difficult does
not suggest that general anesthesia should be avoided or
that regional or local anesthesia should necessarily be
considered. In some cases, if airway management is
determined to be difficult, elective tracheal intubation be-
comes even more important so that the airway is secured
before a problem arises—as can occur even with regional
anesthesia (e.g., total spinal anesthesia). For patients
known to have a difficult airway or in those situations
when tracheal intubation is not straightforward, the ASA
has developed a useful algorithm for management of the
difficult airway (2).

242 Section III: Medical Consultation

TABLE 29.1
THE ASA CLASSIFICATION SYSTEM

ASA 1
ASA 2

ASA 3

ASA 4

ASA 5

A normal, healthy patient
A patient with mild systemic disease (e.g., mild diabetes

mellitus without complications, controlled hyperten-
sion, anemia, chronic bronchitis, morbid obesity with-
out other sequelae)

A patient with severe systemic disease that limits activity
(e.g., angina pectoris, obstructive pulmonary disease,
prior myocardial infarction)

A patient with an incapacitating disease that is a constant
threat to life (e.g., congestive heart failure, renal
failure)

A moribund patient not expected to survive longer than
24 hours (e.g., ruptured aortic aneurysm, head trauma
with increased intracranial pressure)

TABLE 29.2
THE MALLAMPATI AIRWAY CLASSIFICATION
SYSTEM

Class I: Uvula, faucial pillars, and soft palate are visible
Class II: Faucial pillars and soft palate are visible
Class III: Only soft palate is visible
Class IV: Only the base of the tongue is visible
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In addition to airway evaluation, several other critical
issues must be clarified before inducing anesthesia. Fluid
status and intravascular volume must be optimized prior to
induction of anesthesia to minimize the risk of hemody-
namic compromise upon administration of anesthetic
agents or analgesics or initiation of positive pressure venti-
lation. The correct evaluation includes assessment of skin
turgor, peripheral perfusion, filling pressures, and, indi-
rectly, myocardial function. This assessment is particularly
important in patients with congestive heart failure, whether
they are receiving diuretics or not, in patients who have had
no oral intake for a number of hours prior to induction of
anesthesia, in patients who have undergone a bowel prep
prior to surgery, and in patients who received intravenous
contrast for radiologic studies, particularly because of their
risk of renal dysfunction.

Perhaps as important as the usual preoperative evalua-
tion of any patient, additional assessment and often inter-
ventions prior to induction of anesthesia are required for
patients with underlying conditions. Systemic diseases that
compromise cardiac, pulmonary, renal, or hepatic function
are of particular concern. Even when the prior medical
management has optimized the patient’s condition, the
anesthesiologist must understand what has been done to
improve the patient and how the intraoperative manage-
ment can maintain that level of support. For example, the
patient with severe obstructive pulmonary disease who is
receiving bronchodilators and/or steroids may be well con-
trolled preoperatively. The anesthesiologist must under-
stand how acute exacerbations are managed, which drugs
most effectively treat the small airway obstruction, and the
associated clinical conditions that might influence anes-
thetic management, such as pulmonary hypertension or
hypoxemia associated with gas trapping (Chapters 55 and
59). The same process must be used to assess how best to
treat patients with coronary artery disease in the periopera-
tive period, which patients should receive perioperative 
�-blockers (3), �-blocking agents, or vasodilators, and
which patients might benefit from a preoperative coronary
angiogram, coronary dilation, or stent (Chapter 30).

For many patients, the management of the underlying
disease may not be optimal at the time of presentation for
anesthesia and surgery—in some cases because the
patient’s condition cannot be optimized. One question
that is frequently asked of the hospital physician and the
anesthesiologist is whether surgery should be postponed
and, if so, how the patient’s condition can be improved. Al-
though for many of these patients, the intraoperative man-
agement may be relatively uncomplicated, the postopera-
tive course will be unstable. For example, the inadequately
treated hypertensive patient will have more unstable blood
pressure and increased risk of complications in the postop-
erative period if the blood pressure is not controlled pre-
operatively. The patient with severe obstructive pulmonary
disease may have a complicated perioperative course due to
persistent bronchospastic disease in spite of preoperative

treatment because of impaired mucociliary clearance asso-
ciated with tracheal intubation. As a result, a discussion
about the risks and benefits of delaying surgery versus pro-
ceeding without better control of underlying medical prob-
lems should include the anesthesiologist, primary care
provider, and surgeon (Chapter 30).

One of the most difficult clinical problems for which the
risk of anesthesia, surgery, and postoperative complications
is high is diabetes mellitus. In addition to the problems as-
sociated with glucose control, diabetic patients often have a
number of complications of their diabetes, including coro-
nary artery disease and renal failure. Each complication
makes anesthetic management more challenging. As part of
the preoperative evaluation, a thorough assessment for evi-
dence of complications of diabetes is essential so that the
patient’s physiologic condition can be optimized preopera-
tively and to provide the information necessary to manage
the patient in the perioperative period.

Data now support tight inpatient glucose control to min-
imize complications of the disease and improve surgical
outcomes (4). As a result, the use of insulin infusions pre-
operatively, intraoperatively, and postoperatively is encour-
aged (Chapter 107). A glucose-containing intravenous fluid
should be started preoperatively at the same time the insulin
infusion is started, generally beginning once the patient is
not taking anything orally. The infusion will ensure that in-
sulin is administered continuously and that the absorption
of the insulin is not compromised by subcutaneous edema
or impaired peripheral perfusion. Once the patient begins
to take a normal diet, the infusion can be replaced by sub-
cutaneous insulin as needed.

In the operating room, until recently, concerns about
hypoglycemia were at least as great as concerns about hy-
perglycemia. All the usual clinical signs of hypoglycemia
are lost in the anesthetized patient, so anesthesiologists
were careful not to be too aggressive about glucose control
intraoperatively. Recent studies have demonstrated that
more rigid control of the blood sugar not only reduces the
acute complications of hyperglycemia (including osmotic
diuresis that will complicate intraoperative fluid assess-
ment and management), but also improves wound heal-
ing. Bedside glucose monitoring devices have made tighter
control more feasible.

Many clinicians consider age an independent risk factor
for perioperative complications. While elderly patients
often have associated clinical problems that affect manage-
ment and outcome, age alone should not determine
whether to proceed with anesthesia and surgery. With
improved anesthetic and surgical management, age is no
longer an independent predictor of complications for most
surgical procedures. In fact, chronologic age is much less
important than physiologic abnormalities in predicting
outcome after surgery. For the elderly patient, as is true for
every other patient, the anesthesiologist and primary care
provider or hospitalist must carefully assess the patient
to determine what diseases might influence clinical
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management and optimize them as much as possible. The
evaluation must also address assessment of underlying or-
gan function, which may not be apparent based on labora-
tory data alone. For example, in the elderly patient with lit-
tle muscle mass, a “normal” or slightly elevated serum
creatinine might actually represent a significantly reduced
creatinine clearance. In addition, it is important to remem-
ber that elderly patients have less physiologic reserve and
are more likely to have prolonged hospital stays should
complications occur. These patients also tolerate sedatives
and analgesics poorly, often becoming disoriented and agi-
tated, which further complicates their management (Chap-
ter 16).

INTRAOPERATIVE MANAGEMENT

The anesthetic plan is based in large part on the patient’s
underlying clinical condition, although surgical consider-
ations also influence the management alternatives. In ad-
dition to addressing maintainance of physiologic control
over the patient during the procedure, the plan must ad-
dress the surgical requirements because one of the goals of
good anesthetic management is to create conditions that
allow the surgeon to complete the procedure safely and
efficiently and to transition the patient from the operating
room environment to the postanesthesia care unit
(PACU).

Both general and regional anesthesia are reasonable al-
ternatives for most surgical procedures. Some selected
cases require one or another anesthetic approach based on
specific requirements of either the patient or the surgeon.
For example, in brain mapping, as might be required for
seizure control, the anesthetic management must ensure
that the patient is anesthetized during a portion of the
procedure but arousable at the appropriate time. For some
cases, a combination of techniques is used to provide op-
timal surgical conditions, guarantee a secure airway and
optimal gas exchange, and reduce the total amount of
general anesthesia. Regional anesthesia and analgesia
(e.g., epidural analgesics) are often added to general anes-
thesia to reduce the total amount of systemic opiates as
well as to facilitate a smooth transition from surgery to
the postoperative period and to provide adequate pain
control.

Regional anesthesia is contraindicated in some situa-
tions. For patients with neurologic disease, spinal or epidu-
ral anesthesia is usually avoided. Although neither are
likely to worsen the neurologic deficit, any change in the
neurologic disease will be difficult to evaluate, and the
effects of the instillation of anesthetic agents into the
cerebrospinal fluid or epidural space can be difficult to de-
termine. A more common contraindication to regional
anesthesia is systemic anticoagulation. Regional anesthesia
should not be administered to any patient who is receiving

heparin or coumadin. The use of low-molecular-weight hep-
arin contraindicates regional anesthesia even after the drug
has been discontinued because the duration of anticoagu-
lation is difficult to monitor (unlike with unfractionated
heparin, where a normalization of the partial thrombo-
plastin time indicates the absence of anticoagulant effect).

Anesthetic management has changed significantly over
the past decade, in large part due to a broader array of
agents, a better understanding of the benefits and physio-
logic costs associated with them, and, most importantly, a
recognition that intraoperative care is only a part of the
overall clinical management. Much more attention is now
paid to the entire perioperative period, allowing for
smoother and safer transition from the operating room to
the postoperative period.

Anesthetic induction is usually performed with intra-
venous agents because of their rapidity of onset and ease of
administration. Thiopental and propofol are most com-
monly used. Each produces rapid unconsciousness; for
short procedures, propofol is preferred because patients
awaken rapidly with little residual effect. For longer cases,
the choice of induction agent is less important. Etomidate
and ketamine are occasionally used, particularly for pa-
tients with unstable blood pressure, because both generally
cause less change in hemodynamics.

A variety of inhalation anesthetic agents is available. The
most commonly used are sevoflurane and desflurane. Both
of these agents are well tolerated and have few side effects.
Although all inhaled agents affect the cardiovascular sys-
tem and can alter vascular tone, when used alone or in
combination with other agents they can be administered
safely with few sequelae and rapid emergence from anes-
thesia with less nausea, vomiting, or other side effects.

Many patients now receive a combination of agents to
provide anesthesia and analgesia, including inhalational
anesthetics, intravenous anesthetics, and regional anesthet-
ics and analgesics. The combination of drugs and tech-
niques enables the anesthesiologist to provide effective
analgesia, anesthesia, and amnesia to the patient without
compromising hemodynamics or gas exchange. The addi-
tion of systemic opiates, such as fentanyl, remifentanil,
continuous infusions of propofol, and titration of inhaled
anesthetics and nitrous oxide, can provide ideal clinical
conditions and facilitate the transition from the operating
room to the postanesthesia care unit.

Muscle relaxants are also commonly administered intra-
operatively, both to facilitate tracheal intubation and to
provide optimal conditions for the surgeon. The selection
of the muscle relaxant depends on the patient’s underlying
clinical status and the intraoperative needs. Succinyl-
choline has historically been used for tracheal intubation.
It has a rapid onset and short duration for most patients. It
is the only commonly used depolarizing muscle relaxant; it
causes fasciculations and raises the serum potassium tran-
siently. It is also associated with malignant hyperthermia.
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For the hyperkalemic patient or the patient with severe
metabolic acidosis, succinylcholine is usually replaced by
a nondepolarizing muscle relaxant. The newer nonde-
polarizing agents are now most commonly used because
the complications associated with their administration are
minimal and they have a relatively rapid onset (although
not as fast as succinylcholine) and a longer duration of
action. The pharmacodynamics of each drug varies; some
are cleared primarily by the kidney and should, if possible,
be avoided in patients with renal failure. Others are
eliminated by a process independent of renal or hepatic
clearance.

The choice of the muscle relaxant is not as important as
understanding the ramifications of the choice. For some
patients, the duration of action can be prolonged and the
need for continued ventilatory support critical. All the re-
laxants have a prolonged duration of action in the acidemic
patient (particularly the patient with respiratory acidosis)
and the hypothermic patient; many agents have prolonged
action in patients with impaired renal function. As a result,
every patient who has received a muscle relaxant must be
carefully monitored until the effects of the drug on respira-
tory muscles and upper airway muscles are gone.

Maintenance of oxygenation is an essential part of anes-
thetic management. Although pulse oximetry has im-
proved the ability to monitor oxygenation and minimize
the frequency and duration of hypoxemic episodes, ade-
quate oxygen saturation does not ensure adequate ventila-
tion or, more importantly, adequate oxygen delivery. For
example, a patient who is anemic or hypovolemic or who
has a low cardiac output has impaired delivery of oxygen
to peripheral tissues despite a “normal” saturation. To as-
sure adequate delivery, therefore, the anesthesiologist
must ensure that intravascular volume is adequate and
that oxygen-carrying capacity is ensured by maintaining
an adequate hemoglobin and optimizing cardiac output
(5). Euvolemic anemia is relatively well tolerated in the
patient with good cardiac function; hypovolemic anemia
is not.

The amount of fluids administered to patients in the
operating room can sometimes seem excessive to the
nonanesthesiologist. Fluid resuscitation requires an under-
standing of the preoperative fluid status and must include
replacement of the deficit for the patient who has taken
nothing by mouth, who may have had limited intake prior
to surgery, or who has had excessive extravascular fluid
losses (6,7). The administration of bowel preps and fluid
extravasation into the bowel, subcutaneous tissues, or
other body cavities make assessment of deficit difficult. For
some patients, central venous pressure monitoring, assess-
ment of systolic pressure variations with positive pressure
ventilation, or other methods may be required to evaluate
the intravascular volume. For patients with poor myocar-
dial function, transesophageal echocardiography has be-
come a commonly used and valuable tool for evaluating

fluid status, ventricular filling, and myocardial function
during surgery (Chapter 36).

In addition to the challenge of evaluating preoperative
fluid losses, intraoperative losses are often underestimated.
Blood loss is difficult to quantify. Serial hemoglobin and
hematocrit levels can provide some guidance as to the ade-
quacy of fluid and blood replacement, although these
values may not represent the true blood loss during acute
hemorrhage associated with significant fluid shifts. Dilu-
tion caused by excessive crystalloid replacement can also
affect the accuracy of the hematocrit as a guide to blood
requirements. Other sources of fluid loss must also be
accounted for and those fluids replaced. Insensible losses
can be high in the operating room, particularly when large
surfaces are exposed (such as during open exploratory la-
parotomy). Manipulation of tissues also causes fluid
extravasation and necessitates additional fluid administra-
tion. It is not unusual for a patient who is undergoing a
straightforward but lengthy surgical procedure to require
5–10 liters of fluid in addition to blood products. Such
quantities are not necessarily excessive, but their adminis-
tration requires careful assessment of intravascular volume,
urine output, myocardial function, and gas exchange.

Another aspect of intraoperative management that is
often underappreciated is the importance of maintaining
normal body temperature. Patients can lose a great deal of heat
when exposed to the cold operating room environment. A
number of studies have now confirmed that normothermia
is beneficial for several reasons (8). First, normothermia has
been demonstrated to reduce the risk of myocardial
ischemia. It also appears to improve wound healing and fa-
cilitate recovery. Shivering associated with hypothermia is
poorly tolerated, not only because it is uncomfortable for the
patient, but also because it increases myocardial oxygen con-
sumption. Warming blankets, heated inspired gases, and, for
long cases, warming of fluids and blood products will ensure
that the patient maintains a normal temperature.

POSTOPERATIVE CARE

The primary goal of the acute recovery period is to manage
the transition from surgery with minimal complications. In
the first few minutes to hours after surgery, the goals are
straightforward. The patient is closely monitored until the
effects of the anesthetic, muscle relaxants, and other drugs
are no longer present. The patient should be able to main-
tain a clear airway, have a good cough and gag, and be
awake and alert. Hemodynamics are closely monitored to
be sure that fluid resuscitation has been adequate, that
cardiac function is maintained, and that urine output is sat-
isfactory. In the early postoperative period, the urine out-
put should be at least 0.5 mL/kg/hour. Over the subsequent
few days, the urine output should increase as the patient
begins to mobilize fluids.
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Pain control is also a critical component of postoperative
management (9,10). The goal is to provide optimal pain
control without compromising the patient’s neurologic sta-
tus, airway protection, or respiratory function. Titration of
analgesics is not as straightforward as it might seem. While
the patient is being aroused, pain may become a problem,
and the patient may legitimately require additional
analgesics. However, as soon as the patient is no longer stim-
ulated, the same analgesics may contribute to respiratory
failure, carbon dioxide retention, or hemodynamic compro-
mise. The patient who has required large amounts of anal-
gesics or sedatives in the early postoperative period must be
carefully monitored to prevent respiratory deterioration and
potential arrest, both in the PACU and after transfer to the
hospital ward. Pulse oximetry is often used as the monitor of
choice in these situations. Although the pulse oximeter may pro-
vide information about oxygen saturation, it is not a monitor of
ventilation. For a patient who is receiving supplemental oxy-
gen, oxygen saturation may be maintained in spite of dra-
matic increases in the partial carbon dioxide pressure. These
patients require ongoing assessment of the respiratory rate
and tidal volume as well as regular stimulation. Occasion-
ally, capnography is required to document air movement
and adequacy of ventilation because the obstructed patient
will have chest wall movement for a short time even when
there is no gas exchange—often misleading the clinician re-
garding airway patency.

A trend has emerged toward providing the patient with
greater control over pain management in the postoperative
period. The advantages of patient-controlled analgesia in-
clude better pain control, fewer analgesics, and improved
patient satisfaction (11). Although patient-controlled anal-
gesia administered through an intravenous line is now com-
monplace, alternative patient-controlled systems are also
finding favor with patients and practitioners. For example,
patient-controlled epidural analgesia and anesthesia have
been found to be highly effective, and patient-controlled
continuous infusions of anesthetic agents into catheters lo-
cated near the brachial plexus and other locations are also
being used with some success (12,13). These techniques
have advantages, but they do not reduce the need for care-
ful monitoring of the adequacy of the pain relief, appropri-
ate placement of the catheters, and potential complications
and side effects (Chapter 18).

Postoperative nausea and vomiting also require attention
in the PACU. Although many newer anesthetic agents cause
less nausea, problems remain. Nausea may occur more
commonly in patients undergoing laparoscopic procedures.
The incidence of postoperative nausea and vomiting is also
higher in patients with preoperative hypovolemia and or-
thostatic dysfunction. Several agents are effective in treating
nausea and vomiting, including droperidol, ondansetron,
and dolasetron (14). Other therapies, including adequate
fluid resuscitation in the operating room and use of dex-
amethasone, have been demonstrated to reduce the likeli-
hood and duration of postoperative nausea (15).

CONCLUSIONS

The care of the patient undergoing surgery and anesthesia
has improved significantly, allowing surgeons to perform
procedures previously unavailable to many patients. The
risks of anesthesia and surgery have also decreased. Pa-
tients with significant underlying disease are now able to
undergo complex procedures with few complications.
These advances are the result of improved technology and
also (and probably more importantly) a better under-
standing of the risks and of ways to reduce them. At the
same time, changes in the delivery of care are forcing
physicians to reevaluate how they provide care, to whom,
and where. To continue to provide these services to an ag-
ing and, in some cases, sicker patient population, anes-
thesiologists, surgeons, hospitalists, and other providers
must coordinate their efforts to optimize the patient’s pre-
operative status, tailor the intraoperative management to
address these issues, and provide postoperative care based
on an understanding of the likely risks and complications
of the surgical procedure and their impact on the patient’s
underlying condition. This coordinated effort will allow
physicians to minimize the complications of surgery and
anesthesia for patients prior to, during, and after hospital
discharge.

REFERENCES

1. Mallampati SR, Gatt SP, Gugino LD, et al. A clinical sign to predict
difficult tracheal intubation: a prospective study. Can J Anaesth
1985;32:429–434.

2. Practice guidelines for management of the difficult airway. A report
by the American Society of Anesthesiologists Task Force on Man-
agement of the Difficult Airway. Anesthesiology 1993;78:597–602.

3. Auerbach AD, Goldman L. Beta-blockers and reduction of cardiac
events in noncardiac surgery: clinical applications. JAMA
2002;287:1445–1447.

4. Lazar HL, Chipkin SR, Fitzgerald CA, Bao Y, Cabral H, Apstein CS.
Tight glycemic control in diabetic coronary artery bypass graft pa-
tients improves perioperative outcomes and decreases recurrent
ischemic events. Circulation 2004;109:1497–1502.

5. Lobo SM, Salgado PF, Castillo VG, et al. Effects of maximizing
oxygen delivery on morbidity and mortality in high-risk surgical
patients. Crit Care Med 2000;28:3396–3404.

6. Rosenthal M. Intraoperative fluid management—what and how
much? Chest 1999;115:106S.

7. Sibbald WJ, ed. Fluid Management in the Acutely Ill: An Evidence-
Based Educational Program. Ontario, Canada: Core Health Services,
2001.

8. Frank SM, Fleisher LA, Breslow MJ, et al. Perioperative mainte-
nance of normothermia reduces the incidence of morbid cardiac
events: a randomized clinical trial. JAMA 1997;277:1127–1134.

9. Practice guidelines for acute pain management in the periopera-
tive setting. A report by the American Society of Anesthesiologists
Task Force on Pain Management, acute pain section. Anesthesiology
1995;82:1071–1081.

10. Ready LB. Acute perioperative pain. In: Miller RD, ed. Anesthesia.
Philadelphia: Churchill Livingstone 2004;2323–2350.

11. Liu SS, Allen HW, Olsson GL. Patient-controlled epidural analge-
sia with bupivacaine and fentanyl on hospital wards: prospective
experience with 1,030 surgical patients. Anesthesiology 1998;
88:688–695.

12. Rawal N, Allvin R, Axelsson K, et al. Patient-controlled regional

246 Section III: Medical Consultation

26410 ch 029  3/11/05  4:45 PM  Page 246



analgesia (PCRA) at home: controlled comparison between bupi-
vacaine and ropivacaine brachial plexus analgesia. Anesthesiology
2002;96:1290–1296.

13. Wheatley RG, Schug SA, Watson D. Safety and efficacy of postop-
erative epidural analgesia. Br J Anaesth 2001;87:47–61.

14. Domino KB, Anderson EA, Polissar NL, Posner KL. Comparative
efficacy and safety of ondanstetron, droperidol, and metoclo-
pramide for preventing postoperative nausea and vomiting: a
meta-analysis. Anesth Analg 1999;88:1370–1379.

15. Coloma M, White PF, Markowitz SD, et al. Dexamethasone in
combination with dolasetron for prophylaxis in the ambulatory
setting: effect on outcome after laparoscopic cholecystectomy.
Anesthesiology 2002;96:1346–1350.

ADDITIONAL READING
Kehlet H, Holte K. Effect of postoperative analgesia on surgical out-

come. Br J Anaesth 2001;87:62–72.
Maurer WG, Borkowski RG, Parker BM. Quality and resource utiliza-

tion in managing preoperative evaluation. Anesthesiol Clin North
America 2004;22:155–175.

Rodgers A, Walker N, Schug S, et al. Reduction of postoperative mor-
tality and morbidity with epidural or spinal anaesthesia: results
from overview of randomised trials. BMJ 2000;321:1493.

Chapter 29: Key Principles of Anesthesiology 247

26410 ch 029  3/11/05  4:45 PM  Page 247



26410 ch 029  3/11/05  4:45 PM  Page 248



Preoperative Evaluation
Joshua S. Adler

INTRODUCTION

Each year in the United States, millions of patients undergo
surgical procedures using general, spinal, or epidural anes-
thesia. Most of these surgical procedures are completed
without complications. Some 3%–10%, however, are
associated with perioperative morbidity. Most periopera-
tive morbidity and death occurs during the postoperative
period and is of cardiac, pulmonary, neurologic, or infec-
tious origin. Perioperative complications occur more fre-
quently in older patients and in those with serious medical
illnesses, particularly cardiovascular disease. The purpose
of the preoperative evaluation is to assess perioperative risk
and to guide interventions to reduce risk. The preoperative
consultant must define clearly the patient’s medical condi-
tions, evaluate the stability and severity of each condition,
determine the need for preoperative testing, and recom-
mend therapy that may reduce the risk of complications.
Close communication with the surgeon, anesthesiologist,
and primary care physician is crucial to ensure that appro-
priate care is provided.

PREOPERATIVE EVALUATION IN THE
INPATIENT SETTING

Over the past 10 years, surgeons have performed an in-
creasing number of surgical procedures in the ambulatory
setting. Furthermore, for many elective major surgical pro-
cedures, patients are admitted to the hospital on the morn-
ing of surgery. These patients generally are not seen by the
inpatient preoperative consultant. Most patients seen by the
inpatient preoperative consultant fall into one of three cat-
egories: patients undergoing urgent or emergent surgery,
trauma victims, and patients with severe underlying medi-
cal illnesses who are undergoing major surgery. Compared
with the ambulatory setting, the inpatient preoperative eval-
uation often must be done rapidly, and the urgency of the

surgical condition may limit the consultant’s ability to ob-
tain desired diagnostic tests. Furthermore, any decision to
delay surgery for further testing or to provide preoperative
therapy must be weighed carefully against the potential risk
of such delays. It is important for the preoperative
consultant to understand the surgical procedures being con-
sidered as well as the common physiologic effects of anes-
thesia to facilitate discussions with the anesthesiologist and
the surgical team, particularly if the surgical risk and the risk
of delaying surgery are substantial. The inpatient preopera-
tive consultant’s most important role is to identify the most
serious medical problems, provide an overall risk assess-
ment, and recommend preoperative therapy to optimize or-
gan function with little or no delay in surgical treatment.

The cornerstone of the preoperative evaluation is a his-
tory and physical examination. Emphasis is on assessing
functional status, exercise tolerance, and cardiopulmonary
signs and symptoms. In addition, the preoperative consul-
tant must pay particular attention to any suggestion of
previously unrecognized illness, particularly cardiac or
pulmonary disease. Routine testing of patients whose
history and physical examination do not reveal significant
medical problems generally should include a 12-lead elec-
trocardiogram in men over 40 years of age and women over
50 years of age to search for evidence of asymptomatic
coronary artery disease. In multiple studies of patients un-
dergoing major noncardiac surgery, the presence of minor
abnormalities on the preoperative ECG, including axis de-
viation, ST segment changes, T-wave changes, and atrial or
ventricular contractions are of prognostic importance only
to the extent to which they are markers of the severity of
underlying myocardial ischemia or heart failure; they are
not independently associated with an increased risk of pe-
rioperative cardiac complications. Therefore, these findings
do not, by themselves, justify detailed preoperative cardiac
evaluation or perioperative interventions. Using routine
laboratory tests and chest radiography in healthy patients
has not been shown to add to the history and physical ex-
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amination and is not recommended. Laboratory testing
and chest radiography should be considered if a specific ab-
normality is suspected from the history or physical exami-
nation.

TYPE OF SURGERY

The perioperative risk for a patient undergoing a particular
procedure depends on the characteristics of both the patient
and the procedure. Using the technique of probabilistic de-
cision making (Chapters 6 and 7), the risk assessment be-
gins with a baseline risk that is modified by information
obtained during the preoperative evaluation. The baseline
risk for any patient is the average risk for a particular proce-
dure at a particular institution. Although complication rates
vary from institution to institution, certain generalizations
can be made regarding the baseline risk of major cardiac
complications (Table 30.1). The risk of other major com-
plications likely follows a similar pattern. Note that proce-
dures performed emergently are associated with more com-
plications than those performed electively.

PREOPERATIVE MEDICATIONS

Most long-term medications should be continued during the
perioperative period. This approach is particularly important
for cardiac, pulmonary, and anticonvulsant medications. In

most situations, such medications can be administered up to
and including the morning of surgery and then resumed
postoperatively once the patient is eating. One important ex-
ception is monoamine oxidase inhibitors, which have been as-
sociated with intraoperative hemodynamic instability. Ide-
ally, they should be discontinued at least two weeks prior to
surgery. It is also generally recommended that metformin be
discontinued prior to noncardiac surgery to reduce the risk
of lactic acidosis. Metformin may be restarted once the pa-
tient is considered stable postoperatively.

CARDIAC EVALUATION

The cardiac complications of noncardiac surgery are the
most well-studied area of perioperative risk assessment.
The most important cardiac complications include nonfa-
tal myocardial infarction, heart failure, and cardiac death.
The principal predictors of cardiac complications are ad-
vanced age, the presence and severity of coronary artery disease,
and left-ventricular dysfunction.

Multifactorial risk indices sum weights of a variety of car-
diac and noncardiac conditions to predict an overall risk of
cardiac complications after noncardiac surgery. The Revised
Cardiac Risk Index was developed during the modern surgi-
cal era (1), has been validated on independent sets of
patients, and represents the most useful of these tools cur-
rently available (Table 30.2). Preoperative consultants
should use an index score to modify a baseline risk rather
than as an absolute risk of cardiac complications. A low in-
dex score denotes a lower-than-baseline risk, a high score in-
dicates a higher-than-baseline risk, and an intermediate
score usually indicates an unchanged risk. This index is par-
ticularly useful if a preoperative evaluation must be done
rapidly. Most of the data needed to use the index are avail-
able from a brief history and physical examination and basic
laboratory studies. One important caution is that in pa-
tients at high risk for severe asymptomatic coronary-artery
disease, this index may underestimate risk. This issue is par-
ticularly important in patients undergoing vascular surgery,
where noncardiac functional limitations often prevent the
occurrence of cardiac symptoms. In such patients, multi-
factorial indices are more useful if combined with a disease-
specific assessment of cardiac risks.

CORONARY ARTERY DISEASE

Coronary artery disease accounts for the majority of severe
perioperative cardiac complications, including myocardial
infarction, unstable angina, and cardiac death. The magni-
tude of the increased risk associated with coronary artery dis-
ease depends on the severity and stability of ischemic symp-
toms. Patients with an unstable coronary syndrome (Table
30.3; see also Chapter 37) are at particularly high risk. In pa-
tients with stable anginal symptoms, consultants can esti-
mate the perioperative risk by using a standardized scale

250 Section III: Medical Consultation

TABLE 30.1
RISK OF MYOCARDIAL INFARCTION OR
CARDIAC DEATH FOR NONCARDIAC
PROCEDURES

High risk (often �5%)

Aortic surgery and other major vascular surgery
Peripheral vascular surgery
Emergent major operations, particularly in the elderly
Anticipated prolonged surgical procedures associated with large

fluid shifts or blood loss

Intermediate risk (1%–5%)

Intrathoracic and intraperitoneal surgery
Carotid endarterectomy
Head and neck surgery
Orthopedic surgery
Prostate surgery

Low risk (generally �1%)

Endoscopic procedures
Cataract surgery
Superficial procedures and biopsies
Breast surgery

Adapted with permission from ACC/AHA Guideline update for
perioperative cardiovascular evaluation for noncardiac surgery—
executive summary. Anesth Analg 2002;94:1052.
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TABLE 30.2
REVISED CARDIAC RISK INDEX FOR ELECTIVE
SURGERY

Factors—1 point each

High-risk surgery (intraperitoneal, intrathoracic, or suprainguinal
vascular)

Ischemic heart disease (history of MI or positive exercise test;
current angina or use of nitrates; or pathologic Q-waves on ECG)

Heart failure (history of heart failure, pulmonary edema, or
paroxysmal nocturnal dyspnea; bilateral rales or S3 gallop on
physical examination; pulmonary vascular redistribution on chest
radiograph)

Cerebrovascular disease (history of transient ischemia attack or
stroke)

Insulin therapy for diabetes
Preoperative serum creatinine �2.0 mg/dL

Approximate risks of MI, cardiac arrest, or cardiac
death with elective surgerya

0 factors 0.5% Low risk
1 factor 1.0%
2 factors 5% Intermediate risk
� 3 factors 10% High risk

a Based on 4,315 inpatients undergoing elective major surgery.
ECG, electrocardiogram; MI, myocardial infarction.
From Lee TH, Marcantonio ER, Mangione CM, et al. Derivation and
prospective validation of a simple index for prediction of cardiac risk in
major noncardiac surgery. Circulation 1999;100:1043–1049.

ocardial infarction or death). In most patients for whom the
stability and severity of anginal symptoms can be reliably
determined from the history, further cardiac testing has not
been shown to improve the accuracy of the risk assessment.
Therefore, it is not recommended for routine use (2).

Noninvasive Ischemia Testing

Improvements in methods for clinical risk assessment
and in interventions to reduce risk, particularly the use of
perioperative �-adrenergic blocking agents, have combined
to narrow the spectrum of patients who may benefit from
preoperative noninvasive testing for inducible myocardial
ischemia (3). For example, noninvasive ischemia testing
does not improve the clinical risk assessment in patients
with documented stable class I or II anginal symptoms, and
it should not alter recommended perioperative manage-
ment. In two types of patients, however, noninvasive car-
diac testing may be useful (Chapter 36) because of difficulty
in assessing the severity of anginal symptoms accurately: un-
reliable historians, and patients with severe orthopedic or

TABLE 30.4
CANADIAN CARDIOVASCULAR SOCIETY ANGINA SCALE

Class Definition Specific activity scale

I

II

III

IV

Adapted from Goldman L, Hashimoto B, Cook EF, Loscalzo A. Comparative reproducibility and validity of systems for assessing cardiovascular
functional class: advantages of a new specific activity scale. Circulation 1981;64:1227–1234. Copyright 2002 The Cleveland Clinic Foundation, with
permission.

Ordinary physical activity (e.g., walking and climbing stairs) does
not cause angina; angina occurs with strenuous, rapid, or
prolonged exertion at work or recreation.

Slight limitation of ordinary activity; angina occurs on walking or
climbing stairs rapidly; walking uphill; walking or stair
climbing after meals, in cold, in wind, or under emotional
stress, or only during the few hours after awakening; when
walking �two blocks on level ground; or when climbing more
than one flight of stairs at a normal pace and in normal
conditions.

Marked limitation of ordinary physical activity; angina occurs on
walking one to two blocks on level ground or climbing one
flight of stairs at a normal pace in normal conditions.

Inability to perform any physical activity without discomfort;
anginal symptoms may be present at rest.

Ability to ski, play basketball, light jog (5 mph), or shovel snow
without angina

Ability to garden, rake, roller skate, walk at 4 mph on level
ground, and have sexual intercourse without stopping

Ability to shower or dress without stopping, walk at 2.5 mph,
bowl, make a bed, and play golf

Inability to perform activities requiring two or fewer metabolic
equivalents (METs) without stopping

TABLE 30.3
UNSTABLE CORONARY SYNDROMES
ASSOCIATED WITH A VERY HIGH RISK OF
PERIOPERATIVE CARDIAC COMPLICATIONS

Myocardial infarction within 1 month with evidence of persistent 
ischemia

Unstable angina
Accelerated angina

such as the Canadian Cardiovascular Society angina scale
(Table 30.4). Patients with class I or II symptoms are at low
risk for cardiac complications (4%–5% risk of myocardial
infarction and roughly a 1% mortality rate). Those with
class III or IV symptoms are at higher risk (�10% risk of my-
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vascular disease whose specific cardiac functional status is
not known. Noninvasive testing may also be useful in clin-
ically high-risk patients who may be candidates for preop-
erative coronary revascularization. Prior to testing, the
physician should always ask whether the results are likely to
change perioperative management.

Exercise electrocardiography can accurately stratify risk in
patients who are able to exercise and who will undergo
vascular or general surgery. Patients who achieve 85% of
maximum predicted heart rate without ischemic electrocar-
diographic changes are at low risk for cardiac complica-
tions. Those who cannot achieve at least 75% of maximum
predicted heart rate, with or without ischemic changes, are
at substantially higher risk.

Dipyridamole-thallium scintigraphy can accurately predict
cardiac complications in selected patients undergoing vas-
cular surgery. In studies of consecutive unselected vascular
surgery patients, however, thallium scintigraphy did not sig-
nificantly alter the clinical risk assessment. This discrepancy
likely is explained by a higher prevalence of severe coronary
artery disease among the patients selected for testing by their
physicians compared with unselected patients. In vascular
surgery patients with an intermediate risk clinical assess-
ment, a positive test, defined as an area of thallium redistri-
bution after dipyridamole administration, is associated
with a high cardiac complication rate, and a negative test is
associated with a substantially lower rate. Although data are
limited in nonvascular surgery patients, it is likely that thal-
lium scintigraphy again is most useful diagnostically in
patients at intermediate risk on clinical assessment.

In the largest study of preoperative dobutamine
echocardiography in patients undergoing vascular surgery,
a normal test, defined as the absence of any new regional
wall motion abnormality with dobutamine administra-
tion, was associated with a very low risk of perioperative
myocardial infarction or cardiac death (4). This finding
was true for all patients in the study, regardless of whether
they were at low, intermediate, or high risk by clinical
assessment.

Noninvasive preoperative testing is worthwhile only
when it will change perioperative management. In the era
of � blockade, such testing is recommended primarily in
patients with a history of angina or peripheral vascular dis-
ease and with poor or indeterminant functional status (Fig-
ure 30.1).

Preoperative Angiography and
Revascularization

The role of preoperative coronary angiography and revas-
cularization (with coronary artery bypass graft [CABG]
surgery or percutaneous transluminal coronary angioplasty
[PTCA], with or without stenting) is controversial. Data
from the Coronary Artery Surgery Study trial registry indi-
cate that patients who have undergone prior CABG surgery,
particularly if within 5 years, are at lower risk for
complications after subsequent noncardiac surgery com-
pared with similar patients whose coronary artery disease
was treated medically. In a recent trial (5), patients who
underwent PTCA without intracoronary stent placement
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Selecting patients for cardioprotective agents and
further testing before major noncardiac surgery

No Risk Factors
Baseline risk 0.4–1.0%,

<0.4% with βBs

Risk 0.8–1.6% for
surgery with β-
blockers

Risk ≤1% for surgery
without β-blockers

Risk 0.4–1.2% for
surgery with
β-blockers

Risk 6.6–16% despite
β-blockers; cath and

revascularize as
indicated

3 or more Criteria*
Baseline risk 9.0–32%,

3.4–14% with βBs

1–2 Criteria*
Baseline risk 2.2–6.6%,

0.8–1.6% with βBs

Poor or indeterminate functional status
and history of CAD or PVD?

Noninvasive test

− +

No Yes

Figure 30.1 Perioperative �-Blockers for elective surgery: patient selection and preoperative
risk stratification. *See Table 30.2 for criteria. �B, beta blocker.
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had a 1.6% cardiac complication rate with subsequent
noncardiac surgery. The rate was 0.8% when PTCA pre-
ceded noncardiac surgery by fewer than 4 years but 3.6% if
the interval was greater than 4 years. On the other hand, pa-
tients who underwent noncardiac surgery within 2 weeks of
intracoronary stent placement had a very high morbidity
and mortality rate. The rate remained somewhat elevated
for another 2–6 weeks and then became very low by about
9 weeks after stenting (5). The very high complication rate
is attributable to in-stent restenosis when anticoagulant
and antiplatelet therapies are discontinued prematurely. It
is prudent, therefore, to delay nonemergent noncardiac
surgery for at least 4 weeks, and preferably 9 weeks, after in-
tracoronary stenting.

For low-risk patients, the risk of prophylactic revascular-
ization with either CABG surgery or PTCA (1%–2% mor-
tality in most studies) is likely to be at least as high as that
associated with noncardiac surgery without revasculariza-
tion. Prophylactic revascularization, therefore, is not rec-
ommended in low-risk patients. In a recent randomized
trial of patients who were undergoing elective vascular
surgery at 18 Veterans Affairs medical centers and who had
significant, remediable coronary disease, the 258 patients
assigned to coronary revascularization (either a percuta-
neous procedure or bypass surgery depending on the rec-
ommendations of their physicians) did no better than the
252 who were managed medically, immediately or over 2.7
years of follow-up (6). Based on these results, preoperative
coronary revascularization should be reserved for patients
who meet criteria for it independent of the planned surgery
(Chapter 37).

Preoperative Medical Therapy

In very high-risk patients with an unstable coronary syn-
drome, noncardiac surgery should be delayed to allow for
stabilization of ischemic symptoms. For high-risk patients
undergoing elective surgery who are not candidates for
angiography or revascularization, one approach to reduce
risk is to delay surgery for several weeks to optimize medi-
cal therapy. Although this strategy may reduce risk, it has
not been evaluated in clinical trials.

The most effective intervention to reduce risk is the use of
perioperative �-adrenergic blocking agents (2,3). In the largest
study of very high-risk patients (including positive stress
echocardiogram results) undergoing vascular surgery, the
perioperative cardiac morbidity rate was 3.4% among pa-
tients who received perioperative bisoprolol, compared
with 34% in the placebo group. It appears that most of the
benefit from perioperative �-blockers is mediated through
heart rate control. The recommended goal is to achieve a
heart rate less than 65 beats per minute throughout the pe-
rioperative period. Perioperative �-blockers are recom-
mended for patients with known or suspected coronary
artery disease undergoing intermediate-risk or high-risk
surgery. Atenolol and bisoprolol have been the most

widely studied agents and are the preferred choices when
initiating therapy (Table 30.5). However, patients already
taking other �-blockers need not switch to one of these two
agents prior to surgery (but they may need their dosage ad-
justed to achieve the desired heart rate).

In a meta-analysis, �-2 agonists have also been shown to
reduce adverse perioperative cardiac complications (7).
The largest experience is with mivazerol, which is not cur-
rently available for clinical use. Clonidine, an �-2 agonist
similar to mivazerol, has been evaluated in a smaller num-
ber of patients but is a potential alternative in high-risk pa-
tients who cannot take �-blockers.

Intravenous nitroglycerin reduces perioperative ischemia
but has not been shown to improve cardiac outcomes. Pre-
liminary data suggest that patients on statins may have fewer
postoperative ischemic cardiac events, but the therapy has
not been subjected to randomized trials.

Invasive Intraoperative Monitoring

Two commonly used intraoperative monitoring techniques
in patients with coronary artery disease are pulmonary artery
catheterization and transesophageal echocardiography. Trials
comparing routine versus selective use of intraoperative
pulmonary artery catheterization showed no differences in
outcomes (8). The limited data available on intraoperative
transesophageal echocardiography have not demonstrated
an improvement in cardiac outcomes. These monitoring
techniques, therefore, should be considered only in high-
risk patients, particularly those with unstable coronary
syndromes undergoing high-risk procedures. In most
situations, the anesthesiologist makes decisions regarding
intraoperative monitoring.

The overall approach to patients with known or sus-
pected coronary artery disease is summarized in Figure 30.1.
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TABLE 30.5
DOSING SCHEDULE FOR THE ADMINISTRATION
OF PROPHYLACTIC �-BLOCKERS

Bisoprolol

Atenolol

a The dose is titrated to achieve a heart rate �65 bpm.
b Intravenous atenolol or metoprolol may be used during the time
when the patient is not eating.
Adapted from Mangano DT, Layug EL, Wallace AW, Tateo I. Effect of
atenolol on mortality and cardiovascular morbidity after noncardiac
surgery. N Engl J Med 1996;335:1713; and from Poldermans D,
Boersma E, Bax JJ, et al. The effect of bisoprolol on perioperative
mortality and myocardial infarction in high-risk patients undergoing
vascular surgery. N Engl J Med 1999;341:1789, with permission.

5–10 mga given orally once daily, begun before
surgery (ideally at least 7 days) and continued
for 30 days postoperatively.b

5–10 mga given intravenously every 12 hours
beginning 1 hour before surgery and continued
until the patient is eating; followed by 50–100
mg orally every 12 hours until postoperative
day 7.
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HEART FAILURE

Patients with poorly controlled heart failure, defined as the
presence of jugular venous distention, a third heart sound,
or pulmonary edema seen on a chest radiograph, are at
substantially increased risk for cardiac complications, in-
cluding death. In these patients, heart failure should be
controlled prior to surgery with diuretics and afterload-
reducing agents. This approach probably reduces risk, 
although it has not been studied in controlled clinical tri-
als. Patients with compensated left-ventricular systolic
dysfunction, defined as an ejection fraction less than 50%
on echocardiogram or radionuclide ventriculography with-
out overt heart failure on preoperative evaluation, are at
moderately increased risk for developing pulmonary
edema after vascular surgery but are not at increased risk for
other serious cardiac complications.

Any patient with heart failure who has not had an objec-
tive assessment of left ventricular function or in whom
the cause of heart failure is unknown should undergo
echocardiography prior to surgery. The cause and severity of
ventricular dysfunction may affect intraoperative and early
postoperative management. For example, fluid management
will differ in patients with hypertrophic obstructive car-
diomyopathy, who need to be well hydrated to avoid ob-
structive hypotension, and patients with dilated cardiomy-
opathy, who will need to be kept appropriately fluid
restricted. If arranging for such testing requires a substantial
delay in surgery, it is justified only in patients with worrisome
signs or symptoms that cannot be controlled preoperatively.

VALVULAR HEART DISEASE

Patients with aortic stenosis and a gradient above 20–40
mm Hg have a small increase in perioperative cardiac risk,
whereas patients with a gradient above 40 usually have a
substantial increase in risk. Symptomatic patients appear to
be at higher risk than asymptomatic patients with similar
degrees of valvular stenosis. In patients with severe symp-
tomatic aortic stenosis, elective noncardiac surgery should
be delayed until valve surgery or balloon valvuloplasty can
be performed. Preoperative balloon valvuloplasty may re-
duce perioperative cardiac complications, though this is an
unproven strategy. If noncardiac surgery cannot be delayed,
it is crucial that the anesthesiologist be aware of the severity
of aortic valvular disease because it has significant implica-
tions for intraoperative and postoperative management.

The perioperative cardiac risks associated with other
valvular lesions are not as well quantified. Patients with
severe mitral stenosis appear to be at increased risk for
atrial arrhythmias and heart failure. It is not known to what
extent mitral or aortic regurgitation imparts any excess risk
independent of that associated with heart failure. In any
patient with valvular heart disease, preoperative optimiza-
tion of cardiac function with medications is recommended

(Chapter 41). If surgical correction of valvular heart disease
is indicated, such surgery should precede elective noncar-
diac surgery. Echocardiography should be considered in
patients with a previously undiagnosed heart murmur be-
cause it may reveal a lesion that requires antibiotic prophy-
laxis.

Several surgical procedures are known to produce tran-
sient bacteremia with organisms that commonly cause en-
docarditis. Nevertheless, the risk of developing endocarditis
after a surgical procedure is low. Certain structural cardiac
abnormalities are associated with an increased risk for the
development of endocarditis and for increased morbidity
once endocarditis develops. Controlled trials have not
demonstrated that prophylactic antibiotics reduce the risk
of developing postprocedure endocarditis. However, the
morbidity associated with endocarditis is high (Chapter
71), and the risks associated with prophylactic antibiotics
are low. As a result, if patients with high-risk or moderate-
risk structural cardiac abnormalities are undergoing certain
surgical procedures (Table 30.6), antibiotic prophylaxis is
indicated (Table 30.7).

ARRHYTHMIAS

Most important cardiac arrhythmias are associated with
underlying structural heart disease, particularly coronary
artery disease and heart failure. It is likely that any associa-
tion between rhythm disturbances and adverse cardiac
outcomes results from the underlying structural heart
disease. Cardiac rhythm disturbances in the absence of
structural heart disease have not been associated with
increased cardiac risk. The finding of an arrhythmia on a
preoperative electrocardiogram should prompt an investi-
gation for unsuspected structural heart disease. Preopera-
tive treatment for arrhythmias should be guided by princi-
ples independent of surgery. Ventricular rate control
should be ensured in patients who have atrial fibrillation.
Symptomatic supraventricular (Chapter 42) and ventricu-
lar arrhythmias (Chapter 43) should be controlled prior to
surgery. Asymptomatic arrhythmias do not require specific
therapy. Patients who have an indication for a permanent
pacemaker (Chapter 45) should have this placed prior to
surgery. If noncardiac surgery is urgent, these patients re-
quire temporary transvenous pacing during and after
surgery.

HYPERTENSION

Severe hypertension, defined as a systolic blood pressure
greater than 200 mm Hg or a diastolic blood pressure
greater than 120 mm Hg, during the immediate preoper-
ative period is associated with an increased risk of post-
operative myocardial infarction and heart failure. Lesser
degrees of hypertension are associated with more frequent
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TABLE 30.6
CARDIAC CONDITIONS AND SURGICAL PROCEDURES IN WHICH ENDOCARDITIS
PROPHYLAXIS IS RECOMMENDED

Cardiac conditions

High risk
Prosthetic heart valves
Previous bacterial endocarditis
Complex cyanotic congenital heart disease
Surgically constructed pulmonary shunts or

conduits
Moderate risk

Other congenital heart lesions
Acquired valvular dysfunction
Hypertrophic cardiomyopathy
Mitral-valve prolapse with regurgitation or 

thickened leaflets

a Dental procedures are not covered in this chapter.
Adapted from Dajani AS, Taubert KA, Wilson W, et al. Prevention of bacterial endocarditis, recommendations by the
American Heart Association. JAMA 1997;277:1794, with permission.

Surgical proceduresa

Respiratory tract
Tonsillectomy or adenoidectomy
Rigid bronchoscopy
Surgical operations involving the respiratory mucosa

Gastrointestinal tract
Sclerotherapy
Esophageal stricture dilation
Endoscopic retrograde cholangiography with biliary

obstruction
Surgical operations involving the intestinal mucosa
Biliary-tract surgery

Genitourinary tract
Prostate surgery
Cystoscopy
Urethral dilation

TABLE 30.7
RECOMMENDED PROPHYLACTIC ANTIBIOTIC REGIMENS

Patient Regimen

Oral, respiratory tract, or esophageal procedures

Standard

Patients allergic to penicillin

Gastrointestinal (excluding esophageal) and genitourinary procedures

High-risk patients

High-risk patients allergic to penicillin

Moderate-risk patients

Moderate-risk patients allergic to penicillin

IM, intramuscularly; IV, intravenously.
Adapted from Dajani AS, Taubert KA, Wilson W, et al. Prevention of bacterial endocarditis, recommendations by the American Heart Association.
JAMA 1997;277:1794, with permission.

Amoxicillin 2.0 g orally 1 hour before procedure
or

Ampicillin 2.0 g IM or IV within 30 minutes before procedure
Clindamycin 600 mg orally 1 hour before procedure

or
Cephalexin or cefadroxil 2.0 g orally 1 hour before procedure

or
Azithromycin or clarithromycin 500 mg orally 1 hour before procedure

or
Clindamycin 600 mg IV within 30 minutes before procedure

or
Cefazolin 1.0 g within 30 minutes before procedure

Ampicillin 2.0 g IM or IV plus gentamicin 1.5 mg/kg IV or IM (not to exceed 120 mg)
within 30 minutes of starting procedure

and
Ampicillin 1.0 g IM or IV or amoxicillin 1 g orally 6 hours later
Vancomycin 1.0 g IV over 1–2 hours plus gentamicin 1.5 mg/kg (not to exceed

120 mg) IV or IM; complete injection/infusion within 30 minutes of starting
procedure

Amoxicillin 2.0 g orally 1 hour before procedure
or

Ampicillin 2.0 g IM or IV within 30 minutes of starting procedure
Vancomycin 1.0 g IV over 1–2 hours; complete infusion within 30 minutes of

starting procedure
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electrocardiographic occurrences of ischemia but not with
adverse cardiac outcomes. Severe hypertension should be
controlled prior to surgery with rapid-acting agents such
as sodium nitroprusside or intravenous �-adrenergic
blocking agents (Chapter 48). Moderate preoperative hy-
pertension does not require specific preoperative therapy.
Patients with moderate hypertension should be re-evalu-
ated after surgery to determine whether chronic antihy-
pertensive therapy is needed. Generally, a patient’s
chronic oral antihypertensive medications should be con-
tinued throughout the perioperative period.

PULMONARY DISEASE

Postoperative pulmonary complications are common fol-
lowing major surgery. Most of these complications, includ-
ing atelectasis, bronchitis, and mild bronchospasm, are
relatively minor in nature and do not lead to permanent
morbidity or a prolongation of the hospital stay. They often
require no specific therapy. The most serious postoperative
pulmonary complications are pneumonia and prolonged
mechanical ventilation, which may occur in up to 19% of
patients undergoing cardiothoracic or upper-abdominal
surgery. By comparison, serious pulmonary complications
occur in less than 3% of patients after lower-abdominal,
pelvic, or extremity surgery. Three patient characteristics
have been associated with an increased risk of serious pul-
monary complications: obstructive lung disease, tobacco use,
and morbid obesity. Patients with chronic obstructive pul-
monary disease (COPD) are at increased risk for both
pneumonia and prolonged mechanical ventilation. In
studies that have evaluated preoperative pulmonary-
function testing in patients with COPD, results have been
inconsistent. No single test or combination of tests can
reliably predict the risk of pulmonary complications. One
exception is that patients who have an FEV1 �500mL ap-
pear to be at particularly high risk. Patients with asthma are
at risk to develop severe bronchospasm during endotra-
cheal intubation or extubation. If symptoms are well con-
trolled prior to surgery, asthmatic patients do not appear to
be at excessive risk for other pulmonary complications.

Patients who weigh more than 250 pounds are about
twice as likely to develop postoperative pneumonia as
nonobese patients. Current smokers have a twofold to
threefold increased risk of developing pneumonia. Smok-
ing cessation for at least 4 weeks prior to surgery reduces
the risk of postoperative pulmonary complications, but
one week of smoking cessation does not (9). Smoking ces-
sation, nevertheless, should be recommended prior to any
surgery as part of routine health care. In a large prospective
cohort of U.S. veterans, additional risk factors for pul-
monary complications included age over 60 years, depen-
dent functional status, impaired sensorium, and prior
stroke (10). A postoperative nasogastric tube is also associ-
ated with an increased risk of pneumonia.

Preoperative pulmonary function testing with spirometry or
arterial blood-gas measurement is unlikely to change the
management of most patients seen by the inpatient preop-
erative consultant and generally is not required. In patients
with severe pulmonary compromise of unknown origin,
preoperative testing may be useful to delineate the cause of
lung dysfunction because intraoperative ventilator man-
agement may be affected by the results. In patients with
known COPD who have more severe symptoms than usual
at the time of surgery, spirometry may be a useful objective
measure of pulmonary function to help identify the need
for preoperative therapy.

Preoperative optimization of pulmonary function in
patients with COPD or asthma (Chapters 55 and 56) may re-
duce the risk of postoperative complications. Therapy may
include inhaled bronchodilators, theophylline (or amino-
phylline), or corticosteroids. Antibiotics may be helpful in
patients with purulent sputum, especially if sputum can be
cleared before surgery. Incentive spirometry and deep
breathing exercises with pursed lips, continuous positive air-
way pressure (CPAP), and intermittent positive pressure
breathing (IPPB) can reduce the risk of developing postop-
erative atelectasis and pneumonia and shorten the length of
the hospital stay in patients after upper-abdominal surgery.
In most studies, these interventions were equally effective.
Incentive spirometry and deep breathing exercises are less
expensive and easier to administer than CPAP and IPPB and
are the preferred methods in most patients. Incentive
spirometry should be used for at least 15 minutes four times
daily, and deep breathing should be done hourly. These ther-
apies should begin preoperatively and be continued for 1–2
days postoperatively. For patients undergoing esophageal or
gastric resection, CPAP is significantly better than incentive
spirometry or deep breathing exercises for reducing the risk
of pulmonary complications and is, therefore, the preferred
intervention (11).

NEUROLOGIC COMPLICATIONS

The most common serious perioperative neurologic com-
plications are stroke and delirium. Perioperative stroke
occurs in 1%–6% of patients undergoing cardiac, carotid,
or peripheral vascular surgery but is rare (less than 1%) af-
ter most other surgical procedures. The risk factors for
stroke following cardiac surgery include carotid stenosis
greater than 50%, a calcified aorta, diabetes mellitus, prior
stroke, age over 60 years, peripheral vascular disease, and
cigarette smoking (12). In both the cardiac and noncardiac
surgical settings, patients with symptomatic carotid
stenoses of greater than 50% luminal narrowing are at a
substantially increased risk for perioperative stroke. Pa-
tients with severe asymptomatic carotid stenoses undergo-
ing noncardiac surgery may be at increased risk, but studies
to date are not conclusive. An asymptomatic carotid bruit is
not an independent predictor of perioperative stroke. It is
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not known whether patients who have undergone carotid
endarterectomy are at lower risk for perioperative stroke
with subsequent surgery than similar patients who have
not undergone endarterectomy. As a result, prophylactic
endarterectomy is not recommended prior to necessary
noncarotid surgery. However, if carotid endarterectomy is
indicated and the noncarotid surgery can be safely delayed,
it is preferable to proceed with carotid surgery first.

Postoperative delirium is a common complication, oc-
curring in nearly 10% of patients over the age of 50 after
major surgery. Postoperative delirium is associated with
significant morbidity, including the development of car-
diac and pulmonary complications, prolonged hospital
stays, and emotional distress for the patient and family.
Several surgical and patient characteristics have been asso-
ciated with the development of postoperative delirium
(Table 30.8). If three or more of these characteristics are
present, the risk of developing delirium approaches 50%.

Delirium may occur in 35%–65% of patients after hip
fracture repair. In a randomized trial of hip fracture patients,
a comprehensive intervention (maintenance of the hematr-
ocrit above 30%; minimizing the use of benzodiazepine,
anticholinergic, and antihistamine medications; mainte-
nance of regular bowel function; early removal of urinary
catheters; and daily visits by a geriatrician) reduced the in-
cidence of postoperative delirium from 50%–32% (13).

Adverse neurologic outcomes are particularly common
after CABG surgery. In a large prospective evaluation, the
incidence of postoperative stroke was 2.7% and of en-
cephalopathy was 6.9% (12). The risk factors for develop-
ing neurologic complications after CABG surgery include
age over 70 years, proximal aortic atherosclerosis, or a his-
tory of neurologic or pulmonary disease.

Postoperative delirium in patients previously thought
not to be demented is associated with a 3.5-fold higher rate
of subsequently diagnosed dementia. This dementia is also
associated with a significantly higher 5-year mortality rate
(14).

HEMATOLOGIC EVALUATION

Several hematologic disorders may have an impact on sur-
gical outcomes. Two common issues faced by the preoper-
ative consultant are the patient with anemia and assessing
surgical bleeding risk.

The most important issue in the anemic patient is to
determine the need for preoperative transfusion. If time
permits, it is preferable to determine the cause of anemia
prior to surgery because certain disorders, particularly
hemolytic anemias, may require specific perioperative
therapy. Limited studies suggest that surgical outcomes
are inversely related to the preoperative hemoglobin level,
although these studies did not control for the underlying
diseases. Hemoglobin levels below 8 g/dL are associated
with the greatest risk. Preoperative transfusion in patients
with a hemoglobin level below 8 g/dL may reduce peri-
operative complications. In patients with coronary artery
disease, a preoperative hemoglobin level below 10g/dL
has been associated with increased mortality. Thus, pre-
operative transfusion to a level of at least 10g/dL may
be justified in these patients. In an individual patient, the
presence of cardiopulmonary disease, the likelihood of
surgical blood loss, and the hemoglobin level must be
considered to determine the need for preoperative
transfusion.

The most important component of the preoperative as-
sessment for the risk of bleeding is a detailed history fo-
cused on factors suggestive of a bleeding disorder (see Table
30.9). Patients without evidence of abnormal bleeding on
a directed history and physical examination are at ex-
tremely low risk for abnormal surgical bleeding (15). Lab-
oratory tests of hemostasis, including the prothrombin
time, activated partial thromboplastin time, platelet count,
or bleeding time, are not needed. If the bleeding history is
incomplete or unreliable, or if abnormal bleeding is sug-
gested, then a formal evaluation of hemostasis is indicated
(Chapter 98).
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TABLE 30.8
RISK FACTORS FOR THE DEVELOPMENT OF POSTOPERATIVE DELIRIUM

Preoperative factors Postoperative factors

Age �70 years Use of meperidine or benzodiazepines
Alcohol abuse
Poor cognitive status
Poor physical function status
Markedly abnormal serum sodium, potassium, or glucose levela

Aortic aneurysm surgery
Noncardiac thoracic surgery

a Defined as follows: sodium �130 mEq/L or �150 mEq/L, potassium �3.0 mEq/L or �6.0 mEq/L, glucose �60 mg/dL or
�300 mg/dL.
Adapted from Marcantonio ER, Goldman L, Mangione CM, et al. A clinical prediction rule for delirium after elective
noncardiac surgery. JAMA 1994;271:134; and from Marcantonio ER, Juarez G, Goldman L, et al. The relationship of
postoperative delirium with psychoactive medications. JAMA 1994;272:1518, with permission.
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ENDOCRINE DISORDERS

The perioperative management of patients with diabetes is
discussed in Chapter 107.

GLUCOCORTICOID REPLACEMENT

Perioperative hypotension resulting from primary or sec-
ondary adrenocortical insufficiency is rare. The administra-
tion of high-dose glucocorticoid medications during the
perioperative period to prevent complications is controver-
sial. In the only clinical trial comparing high-dose with
baseline-dose perioperative glucocorticoid administration
in patients with proven secondary adrenocortical suppres-
sion, the perioperative complication rates were similar.
However, the short-term use of high-dose glucocorticoids
during the perioperative period also has not been associated
with adverse outcomes. Physicians should consider high-
dose glucocorticoid replacement in any patient who has
received the equivalent of 20 mg of prednisone daily for 1
week or 7.5 mg of prednisone daily for 1 month within the
past year. A commonly used regimen is 100 mg of hydro-
cortisone administered intravenously every 8 hours for 2 or
3 days. Patients on chronic glucocorticoid medications then
should resume their usual dosage. The corticosteroids need
not be tapered (also Chapter 109).

HYPOTHYROIDISM

Severe symptomatic hypothyroidism is associated with a
variety of perioperative complications, including hypoten-
sion, heart failure, and death. If possible, surgery should be
delayed in patients with hypothyroidism to allow for ade-
quate thyroid hormone replacement (Chapter 108). For ur-
gent or emergent surgery, it is not known whether one or
two doses of thyroid hormone prior to surgery reduces the
risk of complications; this strategy is not recommended
and should be considered only after consultation with an
endocrinologist. Mild or asymptomatic hypothyroidism
may be associated with mild intraoperative hypotension

but has not been shown to increase the risk of major peri-
operative complications. Surgery need not be delayed in
such patients to allow for adequate hormone replacement.

KEY POINTS

■ Delaying surgery is likely to be justified only if the peri-
operative risks are substantial, the risks of delaying
needed surgery are not substantial, and a delay would
lead to a significant reduction in perioperative risk.

■ Coronary artery disease accounts for the majority of seri-
ous perioperative cardiac complications; patients with
unstable coronary syndromes or severe stable angina are
at the highest risk.

■ Prophylactic �-blockers reduce morbidity and mortality
in patients with coronary disease, especially those un-
dergoing major surgery.

■ Preoperative noninvasive ischemia testing using dipyri-
damole thallium scintigraphy or dobutamine stress
echocardiography is most useful in patients whose car-
diac functional status is unknown and cannot be deter-
mined by a standard exercise test.

■ Decompensated heart failure is associated with substan-
tial perioperative risk and should be controlled prior to
surgery.

■ The risk factors for postoperative pulmonary complica-
tions include cardiac, thoracic, or upper-abdominal
surgery, COPD, morbid obesity, and current tobacco use.

■ Maintenance of the hematocrit above 30%, early re-
moval of urinary catheters, maintenance of regular
bowel function, and avoidance of benzodiazepines, an-
tihistamines, and anticholinergics may reduce the risk of
postoperative delirium in hip fracture patients.

■ The most important and reliable tool to assess the risk for
abnormal surgical bleeding is a directed bleeding history.
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Postoperative Care
Richard H. Savel Jeanine P. Wiener-Kronish
Michael A. Gropper

INTRODUCTION

Management of patients in the postoperative period has un-
dergone substantial change in the past decade. Improve-
ments in surgical and anesthetic techniques, such as those
in laparoscopic surgery, allow sicker and more elderly pa-
tients to undergo major surgical procedures safely. An in-
creasing percentage of surgical procedures is performed on
an outpatient basis, so the remaining hospitalized patients
tend to have more concurrent illnesses and to undergo more
invasive surgical procedures. An essential component of car-
ing for the postoperative patient is close communication
with the surgeon and anesthesiologist, who can provide in-
formation that may have a significant impact on diagnosis
and treatment of postoperative problems. Postoperative co-
management by a hospitalist may reduce complication rates
and, in some circumstances, be preferred by surgeons and
nurses (1). This chapter focuses on problems commonly en-
countered in patients in the immediate postoperative pe-
riod, both during and after their stay in the post-anesthesia
care unit (PACU).

CARE OF THE HOSPITALIZED PATIENT

Initial Assessment

Initial assessment of the postoperative patient should focus
on the respiratory and cardiovascular systems. Changes in
these systems occur rapidly in the postoperative period and
may require admission to the ICU. Patients with any respi-
ratory difficulties (stridor, tachypnea, dyspnea, bradypnea,
and hypoxemia) should be transferred to the ICU or kept in
the PACU, where physicians skilled in airway management
are immediately available. Respiratory status may be rapidly
assessed by physical examination, pulse oximetry, and arte-
rial blood gas (ABG) measurement. In general, all patients

should receive supplemental oxygen in the immediate post-
operative period because of the high risk of hypoxemia. Pa-
tients who have had surgical procedures involving the chest,
upper abdomen, neck, and axilla should have chest radiog-
raphy to exclude pneumothoraces, as should all patients
who have had successful or attempted central venous can-
nulation. Both hypertension and hypotension are common
in the immediate postoperative period and require imme-
diate attention. Hypotension and tachycardia may indicate
hemorrhage that requires immediate volume resuscitation
and surgical re-exploration; hemoglobin concentration
should be determined without delay. Volume resuscitation,
rather than vasopressors, should be used first in treatment
of the hypotensive postoperative patient. Hypertension
may indicate pain or significant myocardial ischemia. Men-
tal status should be monitored and documented because
changes in mental status may indicate major complications
(e.g., carotid artery occlusion or hematoma, subarachnoid
hemorrhage). Serum glucose should be assessed and treated
as necessary based on recent evidence that tight glucose con-
trol and normoglycemia decrease mortality in the postop-
erative period (2).

Management of Acute Postoperative Pain

Pain associated with surgical procedures is a major deter-
minant of postoperative morbidity and mortality. If pain is
not controlled, patients are at increased risk of complica-
tions, especially myocardial ischemia and respiratory failure
from atelectasis. In addition, fear of postoperative pain is of-
ten the single greatest cause of anxiety in surgical patients.
The usual approach to postoperative pain has been to use
opiates, delivered by intramuscular or intravenous injection
and ordered on an “as needed” basis. This approach has
been found to be inadequate; intramuscular injection of
opiates leads to highly unpredictable levels, resulting in
either undertreatment or accumulation of multiple doses,

31
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depending on the dosing frequency, site of injection, and
tissue perfusion. Instead, opiates should be administered on a
regular schedule and should be given intravenously (3). The ad-
vent of “patient-controlled analgesia” (PCA) (Figure 31.1)
enables the patient to self-administer frequent, small doses
of opiates instead of boluses that may result in overtreat-
ment or undertreatment. The PCA’s lockout mode prevents
overdosing. Studies have shown that postoperative patients
prefer PCA over other modes of pain management that pro-
duce equipotent analgesia, probably because patients can
control their own medication.

As the majority of postsurgical pain is inflammatory in
nature, nonsteroidal anti-inflammatory drugs (NSAIDs)
should be administered in combination with opiates to
treat this inflammatory component. When used in this
manner, NSAIDs can decrease the total dose of opiates re-
quired. NSAIDs should not be used routinely in patients
with renal insufficiency or a history of gastric ulceration. In
addition, certain postsurgical patients at risk for bleeding,
such as those following craniotomy or major vascular
surgery, may not be candidates for NSAIDs for the first
24–36 postoperative hours.

Certain patients may benefit from epidural analgesia,
which can deliver opiates and local anesthetics to the
epidural space in small doses with minimal side effects.
Although this technique requires placement of an epidural
catheter, patients will receive superior analgesia and bene-
fit from sympathectomy if local anesthetics are used. 

Ambulation should be with assistance because patients
may have partial motor blockade and diminished barore-
flexes. A number of studies have demonstrated improved
outcomes in patients who have undergone epidural anes-
thesia for surgery and who continue to receive epidural
anesthesia for postoperative pain (4,5). Recent studies have
also demonstrated earlier ambulation, earlier return of
bowel function, and earlier discharge from the hospital if
patients receive epidural anesthesia for postoperative pain
after abdominal surgery. Common complications of epidu-
ral analgesia include urinary retention, pruritis, and, rarely,
significant respiratory depression. Patients who receive
epidural anesthesia, either with opiates or in combination
with local anesthetics, should have specific postoperative
orders to monitor for delayed respiratory depression and to
limit the doses of additional opiates. One newer approach
to epidural analgesia includes patient-controlled epidural
analgesia (PCEA), which allows the patient to control the
epidural infusion in much the same way as PCA for intra-
venous opioid doses.

Delirium

Postoperative delirium is commonly encountered, espe-
cially in elderly patients. General anesthesia results in im-
balances of central cholinergic systems, which can cause
delirium and confusion. The elderly are especially suscepti-
ble to this problem. Patients who develop delirium have
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Patient Controlled Analgesia

Recommended initial settings:

1) dose of opiate (See below for equipotent dosing)

2) lockout interval = 6 minutes
(this is the minimum interval between doses, regardless of the
number of patient attempts)

2) basal rate = 0 (except for chronic pain patients)

3) rescue dose = usually twice the unit dose in #1 (administered by nurse
at patient's request, once/hour)

Opiates: recommended initial unit dose
morphine: 1 mg/injection
meperidine*: 10 mg/injection
hydromorphone: 0.2 mg/injection
fentanyl: 10 mcg/injection

* Avoid in patients with renal insufficiency.

Figure 31.1 Patient-controlled analgesia. Recommended initial settings for PCA. Usual settings
are dilaudid (hydromorphone) 0.2 mg/injection with 6-minute lockout, no basal rate, and a 0.4
mg/hour rescue dose that is administered on demand. Avoid meperidine in large doses and espe-
cially in patients with renal failure because of the possibility of seizures induced by the metabolite
normeperidine.
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more complications, longer hospital stays, and an increased
need for rehabilitative care. Attention to identifiable risk
factors in elderly postoperative patients can reduce the risk
of delirium (6) (see also Chapter 16 and Table 30.8).

It is important to identify hypoxemia, pain, and elec-
trolyte disorders, all of which contribute to delirium even
in the absence of neuroleptic drugs (Figure 31.2). Benzodi-
azepines should be used with caution in elderly patients
because of the pharmacokinetic and pharmacodynamic
changes that occur with aging. For example, the half-life of
diazepam increases to nearly 60 hours in 70-year-old pa-
tients. In the evaluation and care of the delirious patient, it
is often necessary to discontinue all psychoactive medica-
tions. In this setting, opiates such as fentanyl may be more
predictable and reversible sedatives than are benzo-
diazepines and other drugs. If sedatives or opiates are used
as a continuous infusion, the level of sedation should be as-
sessed several times per day and titrated as needed, with a
particular focus on minimizing the duration of mechanical
ventilation (7).

Nausea and Vomiting

Postoperative nausea and vomiting are a significant source
of preoperative anxiety, and they increase costs because of
prolonged lengths of stay in the PACU and hospital. A
number of agents used intraoperatively, especially opiates,
have been associated with an increased incidence of nausea
and vomiting. Laparoscopic, plastic, otolaryngologic, and
neurologic surgeries have the highest incidence of postop-
erative nausea and vomiting. Patient risk factors include fe-
male sex, poorly controlled pain, hypotension, and history
of motion sickness or previous nausea and vomiting.

A number of antiemetic agents have been evaluated for
efficacy, but most studies have been in patients who are
receiving cancer chemotherapy. Recently, 5HT3 receptor
antagonists, especially ondansetron and granisetron, have
been used for both prophylaxis and treatment of postoper-
ative nausea and vomiting. Other agents to consider
include supplemental oxygen, dexamethasone, and lo-
razepam. Droperidol, which can cause QT prolongation
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Correctable etiology?
(hypoxia, hypercarbia, electrolyte abnormality,

sepsis syndrome, CNS infection,
intoxication or withdrawal syndrome)

• 2mg IV, double dose q 15 min to desired effect
• Divide 24h needs into q8h dosing
• Daily ECG to monitor QT intervala

IV haldol

Treat cause

Evaluate delirium control

YesNo

Inadequate

Continued deliriumTaper haldol Pain Anxiety

Increase haldol dose Opiates Benzodiazepines

Adequate

Figure 31.2 Flow Chart for Evaluation and Treatment of Delirium in Postoperative Patients.
Correctable etiologies must be ruled out prior to initiation of pharmacologic therapy.a ECG moni-
toring must be done prior to therapy and at daily intervals to detect QT prolongation induced by
haloperidol. CNS, central nervous system; ECG, electrocardiogram; IV, intravenous.
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and torsade de pointes, should be used only after other
drug interventions have failed (8).

CARDIAC ISSUES

Prevention of Perioperative Ischemia

Perioperative ischemic events can be significantly de-
creased in patients at risk for cardiac events by the
administration of a �-blocker immediately prior to the op-
eration and throughout the hospitalization (up to 7 days)
(Table 30.5, Chapter 30) (9,10). �-2 agonists such as cloni-
dine are unproven but can be considered in patients who
cannot tolerate �-blockers.

Perioperative Myocardial Infarction

The most common cause of morbidity and mortality after
noncardiac surgery is myocardial infarction. The measure-
ment of serum levels of cardiac troponin I is a sensitive and
specific method for diagnosing perioperative infarction.
Most postoperative myocardial infarctions occur in the first
5 days after surgery. Ischemic changes in the immediate
postoperative electrocardiogram markedly increase the
likelihood of a diagnosable myocardial infarction, and so
an electrocardiogram is generally recommended soon after
surgery. In contrast, serial electrocardiograms or troponin
levels are not recommended except in patients with symp-
toms or new postoperative electrocardiographic changes
(11). Remember, however, that postoperative myocardial
infarction may not present with typical pain because of anes-
thesia, pain medications, and other postoperative pain.
Therefore, nonspecific symptoms such as heart failure,
tachycardia, unexplained dyspnea, or relative hypotension
should also prompt an electrocardiogram. Elevations of
cardiac troponin I or T carry a twofold to threefold in-
creased risk of major myocardial ischemic events in the 6
months after surgery, even in patients without chest pain or
diagnosed acute myocardial infarction.

Atrial Tachyarrhythmias

Atrial tachyarrhythmias, which are especially common
after cardiac and thoracic surgery, can lead to serious con-
sequences, including stroke, heart failure, myocardial is-
chemia, and prolonged stays in the intensive care unit and
hospital. Atrial arrhythmias occur most frequently in the
first 2–3 days after surgery, and they frequently recur. The
risk of developing atrial tachyarrhythmias can be reduced
by administering �-blockers and/or by not withdrawing
�-blockers perioperatively. Atrial arrhythmias are typi-
cally precipitated by hypoxia, hyperthermia, electrolyte
abnormalities, hypertension, infection, and medications.

Although pulmonary embolism and primary myocardial
ischemia are uncommon causes, secondary myocardial is-
chemia is common. Treatment should focus on reversing
the precipitating causes and on rate control (Chapter 42).
After 24 hours of atrial fibrillation, anticoagulation ther-
apy should be instituted if not otherwise contraindicated.
Because conversion of atrial fibrillation to sinus rhythm
does not appear to confer any added survival benefit over
rate control alone, cardioversion need be undertaken in
the hospital only in patients who cannot tolerate the ar-
rhythmia or the anticoagulation needed for atrial fibrilla-
tion (Chapter 42) (12). In many patients, the arrhythmia
will resolve as the clinical situation stabilizes, so no long-
term therapy will be required.

Postoperative Hypertension

In patients who have postoperative hypertension, pain is
the apparent cause in up to 35% of patients, with hyper-
carbia and sympathetic stimulation during emergence
from anesthesia being the other common causes. Treat-
ment should emphasize pain relief, sedation, oxygena-
tion, and diuresis if necessary. When the blood pressure
itself needs to be treated, the combined �/�-blocker la-
betalol is usually the preferred first-line agent. If a contin-
uous infusion is required, options include labetalol,
nitroglycerine, fenoldopam, and nitroprusside. Because of
its toxicities, prolonged use of nitroprusside should be
avoided (13).

INTERPLAY BETWEEN CARDIAC AND
NONCARDIAC ISSUES

Patients who have postoperative cardiac complications
are 6.4-fold more likely to have a variety of noncardiac
complications, including wound infections, confusion, res-
piratory failure, deep venous thrombosis, and bacterial
pneumonia (14). These complications also increase post-
operative length of stay and increase 3-month mortality
about threefold.

PULMONARY ISSUES

Postoperative Atelectasis and Pneumonia

The most common postoperative pulmonary complication
is atelectasis, especially after surgery involving the upper
abdomen. The consequences of atelectasis include hypox-
emia, which can cause myocardial ischemia or stroke,
infection, and delayed ambulation. Results are equivalent
whether the atelectasis is treated with positive pressure
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treatment (intermittent positive pressure breathing) or neg-
ative pressure treatment (incentive spirometry), and incen-
tive spirometry is much more cost-effective, so it should be
instituted as soon as the patient is able to cooperate. Pre-
operative patient training in the use of incentive spirome-
try (Chapter 30) will improve performance.

Epidural opioid administration reduces atelectasis com-
pared with systemic opioids. The incidence of pulmonary
infections and overall pulmonary complications also ap-
pear to decrease.

Perioperative Anticoagulation

A variety of perioperative regimens have been advocated for
patients taking preoperative anticoagulants (15). For pa-
tients whose chronic international normalized ratio (INR)
is maintained between 2 and 3, the warfarin can be held 
4 days in advance of surgery to reduce the INR to 1.5 on the
day of surgery. For patients who have been on anticoagu-
lants for more than 3 months since the last episode of ve-
nous thromboembolism, preoperative heparin is not
needed. Although low-molecular-weight heparins are supe-
rior to unfractionated heparin in most clinical applications,
they should be reserved for patients who are not likely to
have significant postsurgical bleeding (such as patients un-
dergoing routine surgery on an extremity) because of their
longer half-life and inability to be reversed by protamine
(Table 31.1; Chapter 98).

Careful attention should be paid to thromboembolism
prophylaxis in the postoperative patient. A sample prophy-
laxis protocol is included (Figure 31.3).

GASTROINTESTINAL COMPLICATIONS

Postoperative Ileus

Residual effects of anesthetics, especially opioids, decrease
motility and delay return of normal bowel function. Other
causes of ileus include gut manipulation, denervation, pain,
and sympathetic outflow. Ileus after abdominal surgery is
usually pronounced for 24–48 hours and resolves over the
next 2–3 days. Inability to feed orally due to ileus results in
delayed hospital discharge, inadequate nutrition, and in-
creased costs. Laparoscopic surgical techniques markedly de-
crease the incidence of postoperative ileus. In one random-
ized study of patients undergoing colorectal resections,
patients who had laparoscopic procedures had persistalis
first noticed 26 hours after the procedures, compared with
38 hours after the open resections. Furthermore, the first
bowel movements occurred 70 hours after laparoscopic
surgery versus 91 hours after conventional resection. Finally,
oral feedings were tolerated 3.3 days after laparoscopic re-
sections compared with 5 days after open resections (16).

Treatment of ileus should target its underlying cause. If
peritonitis has occurred and is caused by a community-
acquired infection (i.e., perforated appendix), single
agents including ampicillin/sulbactam or ticarcillin/clavu-
lanic acid can be used (17). Postoperative peritoneal in-
fections tend to be caused by more resistant flora, includ-
ing Pseudomonas aeruginosa and methicillin-resistant
Staphylococcus aureus and Candida species. For these noso-
comial infections, local nosocomial resistance patterns
should dictate empiric treatment, and treatment will need
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TABLE 31.1
RECOMMENDATIONS FOR PREOPERATIVE AND POSTOPERATIVE
ANTICOAGULATION IN PATIENTS WHO ARE TAKING ORAL
ANTICOAGULANTSa

Indication Before surgery After surgery

Acute venous thromboembolism IV heparin IV heparin
Month 1 No change IV heparin
Months 2 and 3 No change SC heparinb

Recurrent venous thromboembolism IV heparin SC heparin
Acute arterial embolism (Month 1) IV heparin IV heparin
Mechanical heart valve No change SC heparin
Nonvalvular atrial fibrillation No change SC heparin

a IV heparin denotes intravenous heparin at therapeutic doses; SC denotes subcutaneous.
b IV heparin should be used after surgery only if bleeding risk is low.
Consideration should also be given to insertion of an inferior vena caval filter if patient is at high risk for
thromboembolism and cannot be anticoagulated. Patients should have daily platelet counts for the first
72 hours after initiation of unfractionated heparin therapy and then every 2– 3 days to monitor for
heparin-induced thrombocytopenia.
Adapted from Kearon C, Hirsh J. Management of anticoagulation before and after elective surgery. N
Engl J Med 1997;336:1506–11, with permission.
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 Adult Venous Thromboembolism Prophylaxis Order Form 
*These recommendations are for prophylaxis only, not treatment of acute thromboembolic disease. DO NOT USE THESE GUIDELINES IF THE 
PATIENT IS RECEIVING THERAPEUTIC ANTICOAGULATION  

   

 
1.  ASSESSMENT    Check all pertinent risk factors (RFs) 

RFs with value of 1 point 
q Age 41-60 years 
q Prior history of postoperative DVT 
q Family history of DVT or PE 
q Leg swelling, ulcers, stasis, varicose veins 
q MI/CHF 
q Stroke with paralysis 
q Inflammatory bowel disease 
q Central line 
q Bed confinement / immobilization >12 hours 
q General anesthesia time >2 hours 

q Pregnancy, or postpartum < 1 month 
q Obesity (>20% over IBW) 
q Hyperviscosity syndromes 
q Estrogen therapy 
 
 

RFs with value of 2 points 
q Age 61-70 years 
q Prior h/o unprovoked/idiopathic DVT 
q Major surgery 
q Malignancy 
q Multiple trauma 
q Spinal cord injury with paralysis 
 
RFs with value of 3 points 
q Age over 70 years 
q Prior history of PE 
q Inherited thrombophilia 
q Acquired thrombophilia 

TOTAL RISK FACTOR SCORE (RFS) =                                            (see reverse side for abbreviations and thrombophilia definitions)

 
2.  CONTRAINDICATIONS TO PHARMACOLOGIC PROPHYLAXIS 

Relative (check if applicable) 
q History of cerebral hemorrhage 
q Craniotomy within 2 weeks  
q GI, GU hemorrhage within the last 6 months 
q Thrombocytopenia 
q Coagulopathy (PT >18 sec) 
q Active intracranial lesions/neoplasms/monitoring devices 
q Proliferative retinopathy 
q Vascular access/biopsy sites inaccessible to hemostatic control 

Absolute (check if applicable) 
q Active hemorrhage  
q Heparin or warfarin use in active HIT 
q Warfarin use in the first trimester of pregnancy 
q Severe trauma to head, spinal cord or extremities with 
   hemorrhage within the last 4 weeks 
q Epidural/indwelling spinal catheter – placement or removal (see 
    reverse side) 

If contraindications exist to pharmacologic prophylaxis, consider sequential compression devices (SCDs). 
 
3.  REGIMENS FOR PROPHYLAXISa 

Low Risk (0 RFS) Moderate Risk (1-2 RFS) High Risk (3-4 RFS) Very High Risk (>4 RFS)b 

• Early ambulation 
 

• LDUH (5000 U) q 8-12 h or  
• LMWH or  
• SCD  

• LDUH (5,000 U) q 8h or 
• LMWH or 
• SCD  

• LMWH or 
• Warfarin, INR 2-3 or 
• ADH 

aSee reverse side for dosing recommendations 
bConsider consultation with the Comprehensive Hemostasis and Antithrombotic Service (CHAS) pager 719-4023 
ADH = adjusted dose heparin, subcutaneous UFH to achieve aPTT at high range of normal (35 sec) six hours after dose. 
ADDITIONAL CONSIDERATIONS 
Renal impairment:  Use low molecular weight heparins and fondaparinux with caution in patients with a Scr >2 or CrCL <30 mL/min. 
Consider dose adjustments for pharmacologic prophylaxis in patients with a weight of < 50 kg.  (Fondaparinux should not be used in patients < 50 kg.) 
Obesity:  Appropriate dosing for obese patients is not well established.  Consider CHAS consult.  
 

4.  SELECTION OF THROMBOPROPHYLAXIS:    (√  in box activates order) 
A) NON-PHARMACOLOGIC 
q Early ambulation:  (Low Thromboembolic Risk) 
 
q SCD (Knee High):  (High Bleed Risk) – Send order to Material Services 

 

 
B) PHARMACOLOGIC  -- Send order to Pharmacy   
q Enoxaparin (LMWH)  q 30 mg SQ Q12H q 40 mg SQ Q24H 
q UFH        → q 5000 U SQ Q12H q 5000 U SQ Q8H 
q Other  ___________   
(Follow CBC with platelets QOD if heparin or LMWH is used.  Follow daily INR if warfarin is used.) 
 
Signature ____ ___ _____ _______ _____ _____ M.D.# ___ _____ _____ __T ime_____ __Date___ ____Pager ___ _____ ___ 

 
FLAG CHART Checked by _____ _____ _______ _____ R.N.  Time ____ ______ _ Date___ ___ _____ _______ _____ _____

DATE TIME ALLERG ES I

Figure 31.3 A sample Adult Venous Thromboembolism Prophylaxis order form.

26410 ch 031  3/11/05  2:51 PM  Page 266



Chapter 31: Postoperative Care 267

P&T Approved June 2002; Revised 1/17/2003 

Deep Venous Thrombosis Risk Factor Assessment
1. Abbreviations: 

VTE venous thromboembolism LMWH  low molecular weight heparin 
LDUH low dose unfractionated heparin  APLA antiphospholipid antibody
ADH adjusted dose heparin CHAS  Comprehensive Hemostasis & Antithrombotic Service 
SCD sequential compression device (pager:  719-4023) 
UFH unfractionated heparin RFS  risk factor score

2. Thrombophilia includes: 
Factor V Leiden Prothrombin variant G20210A
APLA or lupus anticoagulant Antithrombin III deficiency
Protein C or protein S deficiency Hyperhomocysteinemia 
Heparin induced thrombocytopenia (HIT) Myeloproliferative disorders (polycythemia vera, essential 

thrombocytosis (ET)) 

3. Recommendations for the use of antithrombotic prophylaxis in patients with epidural catheters.
For patients receiving low-dose SC unfractionated heparin (5000units Q12H)

Wait 4-6 hours after a prophylactic dose of UFH before placing or removing a catheter 
Initiate UFH thromboprophylaxis 1-2 hours after placing or removing a catheter
Concurrent use of epidural or spinal catheter and SC low-dose unfractionated heparin is not 
contraindicated. 

For patients receiving prophylactic-dose LMWH
Wait 24 hours after a prophylactic dose of LMWH before placing a catheter or performing a neuraxial 
block 
Wait 12-24 hours after a prophylactic dose of LMWH before removing a catheter 
Initiate LMWH thromboprophylaxis 2-4 hours after removal of the catheter
Initiate LMWH thromboprophylaxis 24 hours after a “single shot” spinal procedure 
Concurrent use of an epidural catheter and LMWH thromboprophylaxis needs to be approved by the pain 
service 

For patients receiving fondaparinux
Extreme caution is warranted given the sustained antithrombotic effect, early postoperative dosing, and 
"irreversibility".  
Until further clinical experience is available, an alternate method of prophylaxis should be utilized. 

4. Dosing recommendations for LMWH and fondaparinux (consider risk factors, caution in patients with renal
insufficiency - CrCl < 30 mL/min): 

Condition *Recommended Dose 

General Surgery Enoxaparin 40 mg SQ q24h, 1st dose 2 h preop 

Gynecologic Surgery Enoxaparin 40 mg SQ q24h 

Urologic Surgery Enoxaparin 30 mg SQ q12hc

Major Orthopedic Surgery Enoxaparin 30 mg SQ q12h,  
Enoxaparin 40 mg SQ q24h, or

Fondaparinux 2.5 mg SQ q 24 h start 6 h post-op
Neurosurgery Enoxaparin 40 mg SQ q24h 

If pharmacologic prophylaxis is the chosen intervention. 

Trauma and Acute Spinal Cord Injury Enoxaparin 30 mg SQ q12h 
If pharmacologic prophylaxis is the chosen intervention.

Medical Conditions (e.g. MI, CHF, malignancy) Enoxaparin 40 mg SQ q24h 

For low-risk procedures, early postoperative mobilization may be the prophylactic approach of choice. cHigh-risk patients 
include those undergoing more extensive, open procedures, including radical prostatectomy, cystectomy, or nephrectomy.   

These recommendations are NOT intended to replace an individual  judgment. clinician’s

Figure 31.3 (continued)
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to be altered on the basis of the results of a thorough mi-
crobiologic evaluation of infected fluid (18). Therapies for
ileus per se are nasogastric intubation and decompression,
correction of metabolic abnormalities, and intravenous
hydration. Neuraxial blockade with epidural bupivacaine
accelerates the return of postoperative gastrointestinal
function in patients after colon surgery. Prophylactic na-
sogastric intubation does not appear to be effective and
may result in electrolyte abnormalities and dehydration.
Parasympathomimetic agents, such as bethanechol and
neostigmine, do not appear to decrease the duration of
postoperative ileus. These agents are not recommended
because of their side effects. Metoclopramide acts as an
antiemetic and prokinetic. Although it may decrease nau-
sea and vomiting, it does not appear to decrease the du-
ration of postoperative ileus.

Stress Ulceration

Routine stress ulcer prophylaxis is not recommended prior
to surgical procedures. However, critically ill patients are at
increased risk for the development of stress ulcers, and
stress ulceration should be considered in patients with ab-
dominal discomfort or distention. Prophylaxis is indicated
for patients who have thrombocytopenia, increased serum
creatinines, liver failure, respiratory failure, and multisys-
tem organ failure (19).

POSTOPERATIVE RENAL FAILURE

In procedures involving the abdominal aorta, cross-clamp-
ing the aorta above the renal arteries results in renal is-

chemia and may lead to acute tubular necrosis. Other pa-
tients at risk for postoperative renal insufficiency include
those with inadequate intraoperative or postoperative fluid
resuscitation, those whose procedures involve large ab-
dominal incisions (insensible fluid losses), or those with
massive blood loss. Acute oliguria (urine output of less
than 400 mL/day) may be caused by prerenal, renal, and
postrenal causes (Table 31.2 and Chapter 100). Acute tubu-
lar necrosis from intraoperative renal ischemia may not
manifest itself for 24–48 hours. Patients on high doses of
opiates may require bladder catheterization to overcome
urinary sphincter spasm.

KEY POINTS

■ Physicians helping to manage patients postoperatively
should maintain close communication with the surgeon
and anesthesiologist during the intraoperative and post-
operative periods.

■ Hypertension and hypotension require immediate atten-
tion in postoperative patients because these patients may
require urgent re-exploration.

■ Aggressive pain management decreases morbidity, cost,
and length of hospital stay.

■ Patients at risk for perioperative myocardial infarction
should be treated with �-blockers throughout the
perioperative period.

■ Postoperative myocardial infarction often presents with-
out typical chest pain.
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ACUTE POSTOPERATIVE OLIGURIA

Prerenal

Decreased preload
Inadequate fluid resuscitation
Postoperative surgical/medical hemorrhage

Decreased perfusion pressure
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Vasodilation—sepsis syndrome, pharmacologic, anaphylaxis
Surgical—renal artery obstruction/thrombosis, emboli

Renal
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Urinary sphincter spasm—pain, inflammation, opiates
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Medical Complications 

of Pregnancy
Jeffrey Pickard Linda A. Barbour Raymond O. Powrie

INTRODUCTION

Pregnant women may be hospitalized for medical prob-
lems, during which time the hospital physician may be
consulted. Before treating a pregnant woman, it is necessary
to understand how pregnancy changes the relevant physiol-
ogy and the way various diseases may present. Diagnosis
may be difficult, and treatment may differ from that in the
nonpregnant patient. Additionally, diseases specific to preg-
nancy may complicate evaluation and management.

CARDIAC DISORDERS

In pregnancy, important changes in cardiovascular physi-
ology can alter the normal physical examination and may
lead to significant maternal morbidity. By 24–28 weeks’
gestation, cardiac output increases by 30%–50%; it then
plateaus until delivery. Heart rate may increase slightly but
should remain within the normal range. Stroke volume in-
creases with a concomitant decrease in systemic vascular re-
sistance. Blood volume increases by 40%–50%, and red
blood cell mass increases by 30%; the result is the “physio-
logic anemia” of pregnancy. These changes cause the pre-
cordial pulse to become stronger and may cause a mild
parasternal lift. Both heart sounds are louder and usually
split. Up to three-quarters of pregnant women have a third
heart sound during the second half of pregnancy. Benign
pulmonic or tricuspid flow murmurs are often present, and
a venous hum or mammary souffle may be heard occa-
sionally (1).

Pregnancy may unmask or worsen underlying heart dis-
ease, especially late in the second trimester, during labor,
and immediately postpartum—the three periods in which

cardiac demand peaks. Regurgitant murmurs usually are
well tolerated, whereas mitral and aortic stenosis may lead
to pulmonary edema. Moderate to severe pulmonary
hypertension of any cause is associated with a significant
maternal mortality rate. Patients with Marfan syndrome
who have a dilated aortic root are at risk for aortic dissec-
tion (1). Ischemic cardiac disease also is tolerated poorly
during pregnancy and often leads to myocardial infarction.
However, 30%–50% of myocardial infarctions during
pregnancy are caused by coronary dissection and occur in
women without underlying coronary disease. Virtually any
relevant diagnostic or therapeutic procedure, including
catheterization, angioplasty, and stenting, may be done
during pregnancy.

Palpitations are common during pregnancy but some-
times represent significant tachyarrhythmias. Adenosine,
calcium-channel blockers, �-blockers, and digoxin all may
be used in the evaluation and treatment of these rhythm
disturbances, as may cardioversion if the mother is hemo-
dynamically unstable (2). Of the remaining antiarrhyth-
mics, amiodarone may expose the fetus to unacceptably
high iodine levels and therefore should be used only if all
others have been ineffective. Cardiopulmonary resuscita-
tion can be performed successfully during pregnancy and is
likely to be more successful if the uterus is pulled to the left
side to avoid compression of the inferior vena cava.

Pulmonary edema may present in a previously healthy
pregnant woman because of marked volume shifts and
decreased plasma oncotic pressure, especially in the setting
of tocolytics (decreased filling time), preeclampsia (leaky
capillaries), or large fluid boluses during epidural anesthe-
sia. Pulmonary edema that does not reverse rapidly with
diuretics may indicate that the patient has peripartum
cardiomyopathy, which may present at any time between the

32
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third trimester and 6 months postpartum. Echocardiogra-
phy reveals global myocardial hypokinesis. At least one
third of patients with peripartum cardiomyopathy go on to
suffer progressive heart failure.

RESPIRATORY DISORDERS

Pregnant women increase their minute ventilation because
of a progesterone-stimulated increase in tidal volume. The
increased minute ventilation lowers the normal arterial
partial pressure of carbon dioxide to between 30–35 mm
Hg, and a concomitant lowering of the serum bicarbonate
results in a compensated respiratory alkalosis. Maternal ar-
terial partial pressure of oxygen should be kept above 60
mm Hg at all times to avoid fetal distress.

Shortness of breath is a common complaint among
pregnant women (Table 32.1). Dyspnea of pregnancy is a
benign process. The pathophysiology is unclear but is
thought to be related to progesterone, which stimulates the
increase in tidal volume. It occurs in up to 70% of all preg-
nant women and resolves spontaneously after delivery if
not before.

The treatment of asthma during pregnancy differs little
from its treatment outside pregnancy (Chapter 56), and
acute asthma exacerbations should be treated as if the
woman were not pregnant (3,4). Inhaled �-agonists are
used as first-line therapy for mild, intermittent asthma,
whereas inhaled steroids are considered first-line therapy
for all other types. In general, betamethasone and budes-
onide are preferred because of their safety record during
pregnancy. Experience with fluticasone and flunisolide in
pregnancy is limited, but they may be used, if necessary,
to control maternal symptoms. Theophylline has an un-
paralleled safety profile during pregnancy and is an excel-
lent choice as a second-line or third-line agent; serum lev-
els should be kept between 8–12 mg/mL to minimize

effects on the fetus. Leukotriene inhibitors should be
avoided at present because there are no safety data re-
garding their use during pregnancy. Intravenous methyl-
prednisolone and oral prednisone do not cross the pla-
centa to any significant degree and are considered safe for
the fetus, although there may be an extremely small risk
of cleft palates in infants exposed to prednisone during
the first trimester.

HYPERTENSIVE DISORDERS

Hypertension, the most common medical problem seen in
pregnancy, is the most important risk factor for the devel-
opment of preeclampsia. Preeclampsia occurs in 5%–10% of
all pregnancies and in 20% of women with chronic
hypertension regardless of blood pressure control. Blood
pressure usually decreases by 10–15 mm Hg during the first
two trimesters but returns to prepregnancy levels near term.
Pressures above 140/90 in the third trimester suggest either
preeclampsia or previously unrecognized chronic
hypertension (5).

The main symptoms of preeclampsia are visual distur-
bances (scintillations or scotomas), headaches, epigastric
discomfort, edema (especially in the hands or face), and
rapid weight gain. Signs of preeclampsia include hyperten-
sion, retinal vasospasm, hepatic tenderness, facial and
hand edema, and hyperreflexia. Blood pressure greater
than 140/90 or a rise of more than 30 mm Hg systolic or 15
mm Hg diastolic from baseline is considered abnormal and
suggests the development of preeclampsia. Laboratory
manifestations of preeclampsia include hemoconcentra-
tion, thrombocytopenia, proteinuria (�300 mg/dL over 24
hours), elevated creatinine level (�0.8 mg/dL in preg-
nancy), and hyperuricemia (�5 mg/dL in pregnancy). The
HELLP syndrome is a severe form of preeclampsia in which
hemolysis, elevated liver-enzyme level, and low platelet
count occur; urgent delivery is indicated to protect mother
and baby.

Women on antihypertensive medication at the time of
conception generally can continue their medications
during pregnancy (Table 32.2). However, angiotensin-
converting enzyme inhibitors and angiotensin receptor blockers
are contraindicated because they are associated with neona-
tal renal failure and death, as well as with pulmonary
hypoplasia (5). Diuretic therapy may be continued during
pregnancy but generally is not initiated once a woman be-
comes pregnant. Because �-blockers may cause intrauterine
growth restriction if used throughout gestation, they are
considered third-line or fourth-line agents. Treatment of
mild hypertension first noted during pregnancy is contro-
versial because there is no evidence that treatment benefits
either the mother or the baby (6). Treatment should be
initiated if the diastolic pressure exceeds 100 mm Hg or the
systolic pressure exceeds 160 mm Hg. The goal of therapy
is a diastolic pressure between 80–90 mm Hg.
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TABLE 32.1
CAUSES OF SHORTNESS OF BREATH IN
PREGNANCY

Pulmonary
Pulmonary embolism
Pneumonia
Asthma
Adult respiratory distress syndrome
Pulmonary hypertension
Pulmonary edema

Cardiac
Valvular heart disease
Peripartum cardiomyopathy
Myocardial infarction
Right-to-left intracardiac shunt

Other
Dyspnea of pregnancy
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Physicians other than obstetricians may become acutely
involved in the care of a pregnant woman if preeclampsia
becomes severe or eclampsia (seizure) supervenes. In con-
trast to nonpregnant patients, eclamptic seizures are best
treated with intravenous magnesium sulfate given as a 
6-gram load over 20–30 minutes in a 5% dextrose solution,
followed by 2–4 grams per hour continuous infusion.
Serum magnesium levels should be assessed (range 4.8–8.4
mg/dL), and calcium gluconate should be administered to
reverse any magnesium toxicity (cardiac or respiratory de-
pression) (7).

Blood pressure usually is elevated in severe preeclamp-
sia/eclampsia. Target blood pressure should be around
150/100. However, treatment of the blood pressure has
no effect on preeclampsia per se, so patients whose blood
pressures are not elevated do not need antihypertensive
medication. Aggressive blood-pressure reduction (systolic
�140 mm Hg, diastolic �90 mm Hg) should be avoided
because of the risk of uteroplacental hypoperfusion. Severe
hypotension may occur if calcium-channel blockers are
used concurrently with magnesium sulfate. Women with
severe preeclampsia are at risk for pulmonary edema
because of cardiomyopathy and pulmonary capillary leak.
Intravenous fluids should be monitored carefully, and
diuretics are required if pulmonary edema develops. In-
tracerebral hemorrhage may occur, as may oliguric renal
failure, even in the absence of severe hypertension. Liver
dysfunction of any severity also may complicate severe
preeclampsia or eclampsia and should be differentiated
from acute fatty liver of pregnancy. Other conditions
in the differential diagnosis include systemic lupus
erythematosus (Chapter 112) and hemolytic uremic
syndrome/thrombotic thrombocytopenic purpura (Chap-
ter 98). Preeclampsia may worsen or arise de novo within

the first week postpartum despite the fact that delivery of
the baby is the only definitive treatment of this potentially
life-threatening disorder.

GASTROINTESTINAL DISORDERS

As pregnancy progresses, changes in gastrointestinal physi-
ology presage the relevant problems seen in pregnant
women. Lower esophageal sphincter tone and esophageal
peristalsis diminish, increasing the likelihood of gastro-
esophageal reflux disease (8). Antacids, sucralfate, cimeti-
dine, and ranitidine may be used as necessary during
pregnancy. Experience with proton pump inhibitors, espe-
cially omeprazole, is growing, and they appear to be safe.
Transit time through the gastrointestinal tract is prolonged,
and nausea, vomiting, and constipation all are seen more
frequently in women who are pregnant. Metoclopramide
and prochlorperazine are safe to use. Occasionally nausea
and vomiting become severe and prolonged (hyperemesis
gravidarum) and require hospital admission. Hyperthy-
roidism, with depressed thyroid stimulating hormone
(TSH) and elevated free thyroxine levels, often coexists
with hyperemesis gravidarum due to the thyrotropic activ-
ity of human chorionic gonadotropin, but it usually is tran-
sient and rarely requires treatment.

During pregnancy, gallbladder volume increases, and
emptying becomes sluggish; as a result, bile becomes more
lithogenic. Biliary “sludge” occurs in up to 30% of preg-
nancies. Gallstones occur in 2%–4%, but intervention
during gestation is required in less than 0.1% of all preg-
nancies. If intervention becomes necessary, it should
be done during the second trimester, if possible, to mini-
mize the likelihood of spontaneous abortion and fetal
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TABLE 32.2
ANTIHYPERTENSIVE MEDICATIONS USED DURING PREGNANCY

Drug Oral dose Parenteral dose Comments

Atenolol 50–100 mg/d — Intrauterine growth restriction a concern
Clonidine 0.1–0.3 mg b.i.d. — Used infrequently
Hydralazine 10–100 mg b.i.d. 5–10 mg intravenous/intramuscular Safe; useful in hypertensive emergency;

q20–30 min; continuous infusion second line in chronic hypertension
0.5–10 mg/h

Labetalol 100–300 mg b.i.d. 20 mg intravenous; then 20–80 mg Gaining popularity in both chronic and
q20 min; max 300 mg; continuous urgent hypertension during pregnancy
infusion 1–2 mg/min; at target
blood pressure, stop or reduce to
0.5 mg/min

Methyldopa 250–1,500 mg — Safest antihypertensive in pregnancy
b.i.d. or t.i.d. (max
3,000 mg/d)

Metoprolol 50–200 mg b.i.d. — Intrauterine growth restriction a concern
Nifedipine 30–120 mg/d — Appears safe; no first-trimester data
Nitroprusside — 0.5–10 mcg/kg/min continuous infusion Risk of fetal cyanide toxicity if used

longer than 24 h
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malformations (first trimester) and of premature labor and
delivery (third trimester). Endoscopic retrograde cholan-
giopancreatography and cholecystectomy (open and la-
paroscopic) have been performed safely during pregnancy
(Chapter 84).

The diagnosis of abdominal pain during pregnancy may
be difficult because the expanding uterus may alter the lo-
cation and presentation of common causes. In addition,
diseases specific to pregnancy may present with abdominal
pain (Table 32.3).

Acute fatty liver of pregnancy is an uncommon (1 in
13,000 deliveries) but serious disease characterized by fatty
infiltration of the liver, hepatic failure, and encephalopathy
developing in the third trimester. The mortality rate is ap-
proximately 20%. Acute fatty liver usually occurs after 34
weeks’ gestation, and patients present with anorexia, nau-
sea, vomiting, malaise, and right upper quadrant pain; it of-
ten is confused with HELLP. Abnormal laboratory values
may include anemia with evidence of hemolysis, leukocy-
tosis, increased uric acid, renal insufficiency, elevated liver
aminotransferases (aspartate aminotransferase �alanine
aminotransferase), prolonged prothrombin time, hyper-
bilirubinemia, and hypoglycemia (�60 mg/dL). There may
be signs of fetal distress. Treatment includes supportive care
for the mother (Chapter 82) and prompt delivery of the
baby.

Inflammatory bowel disease (Chapter 81) is relatively
common during childbearing years. If quiescent at concep-
tion, it usually remains so during gestation. Steroids, sul-
fasalazine, mesalamine, azathioprine, and mercaptopurine
all have been used safely during pregnancy. Metronidazole
also is considered safe, although some recommend delay-
ing its use until after the first trimester.

Intrahepatic cholestasis of pregnancy (ICP) is a disease
characterized by severe pruritis without a skin rash, gener-
ally starting in the palms and soles and progressing cen-
tripetally (9). It usually occurs during the third trimester.

Aminotransferases and bilirubin are usually (60%) moder-
ately elevated, but severe hyperbilirubinemia and jaundice
are relatively uncommon (25%). Although the maternal
course is usually benign, ICP may lead to preterm birth, fe-
tal distress, and fetal demise. Delivery should occur as soon
as fetal lungs are mature, usually by 37 weeks (9,10).

DIABETIC KETOACIDOSIS

Pregnant women with diabetes are at increased risk for
ketoacidosis throughout gestation, but the risk increases
significantly during the latter half of pregnancy. Because of
the “accelerated starvation” that characterizes pregnancy
and the decreased buffering capacity of maternal serum,
diabetic ketoacidosis in a pregnant woman may occur with
near-normal glucose levels (11). Therefore, a pregnant
woman with diabetes admitted to the hospital because of
intractable emesis should be evaluated for diabetic ketoaci-
dosis regardless of her serum glucose. Pregnant women
during the second and third trimesters require an addi-
tional 100–150 grams of glucose daily to meet the
metabolic demands of the fetus and placenta (12). These
women may require a 10% glucose infusion to provide ad-
equate carbohydrates until oral intake can be resumed.
Otherwise, fat will be burned for fuel, and ketosis will per-
sist (13). Pregnant women with diabetes are also more sus-
ceptible to infections, especially of the urinary tract, which
also can trigger diabetic ketoacidosis. Pregnancy does not
change the recommended treatment of diabetic ketoaci-
dosis (Chapter 107).

THYROTOXICOSIS IN PREGNANCY

Thyroid storm is a life-threatening condition to both
mother and fetus. It usually develops in an inadequately
treated woman with severe thyrotoxicosis who is subjected
to additional physiologic stress such as severe infection,
preeclampsia, induction of anesthesia, labor, or surgery
(14). The incidence of thyroid storm during pregnancy is
estimated at 1%–2% of women with preexisting hyperthy-
roidism and usually presents with severe symptoms of
thyrotoxicosis, fever over 101° F, altered mental status,
congestive heart failure, tachyarrhythmias, nausea and
vomiting, diarrhea, or abdominal pain. Initial treatment is
the same as in the nonpregnant patient. Cold iodide (e.g.,
Lugol solution, 10 drops every 8 hours, or saturated solu-
tion of potassium iodide, three drops every 8 hours) can
be administered to the pregnant woman in thyroid storm
to diminish the release of thyroid hormone but should be
given 1–2 hours after propylthiouracil (15). Iodide can
cause fetal goiter, but this is rare if the iodide is given for
no more than 3 days. Esmolol (0.25 mg/kg intravenously
over 1 minute, then 0.05–0.1 mg/kg/min infusion) and
propranolol (20–60 mg orally every 6 hours) can be used
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TABLE 32.3
ABDOMINAL PAIN DURING PREGNANCY

Acute hepatitis from alcohol or toxins
Cholecystitis/cholelithiasis
Ureterolithiasis
Peptic ulcer disease (rare)
Pulmonary embolus
Pneumonia (especially right lower lobe)
Pancreatitis
Pyelonephritis
Appendicitis
Diabetic ketoacidosis
Acute fatty liver of pregnancy
Preeclampsia
HELLP syndrome
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to control maternal heart rate, but blood pressure must 
be carefully monitored. Hydrocortisone (100 mg every 
8 hours) can help maintain maternal blood pressure. It
diminishes the peripheral conversion of thyroxine to tri-
iodothyronine (T4 to T3) and does not cross the placenta
to any appreciable degree (Chapter 108).

THROMBOEMBOLISM

A pregnant woman is 5–10 times more likely to develop
venous thromboembolism (VTE) than when she is not
pregnant, and pulmonary embolism is a leading cause of
maternal death (16,17). This hypercoagulable state exists
throughout all three trimesters and persists until 4–6
weeks postpartum. Deep venous thrombosis is most com-
mon in the left lower extremity because of the vascular
anatomy. It occurs antepartum and postpartum with
equal frequency, and antepartum events are evenly dis-
tributed throughout gestation. Pulmonary embolism is
more likely to occur postpartum, primarily because ce-
sarean section increases the risk of pelvic-vein thrombosis.
Other risk factors for thrombosis include previous throm-
bosis, obesity, venous insufficiency, prolonged bedrest,
older age and higher parity, ovarian hyperstimulation,
and underlying hypercoagulable states (17). Approxi-
mately 50% of pregnant women with thrombosis have a
predisposing cause of thrombophilia, the most common
being the factor V Leiden mutation or the prothrombin
gene mutation (18) (Chapter 98).

It is critical to make the diagnosis of deep venous throm-
bosis or pulmonary embolism definitively because the di-
agnosis mandates the use of subcutaneous heparin
throughout the remainder of the current and all future
pregnancies and usually contraindicates the future use of
oral contraceptives. The diagnostic approach should be
similar to recommendations in the nonpregnant patient
(Chapters 52 and 53); of note is that venography, if
necessary, is safe during pregnancy (�0.05 rad) (19). 
D-dimers increase during pregnancy, and their predictive
value for the diagnosis of VTE during pregnancy is un-
known. The diagnosis of pulmonary embolism may be
missed clinically during pregnancy, in part because the
alveolar–arterial oxygen gradient is often normal, perhaps
reflecting a younger population with greater pulmonary re-
serve. Ventilation–perfusion scanning is completely safe
during pregnancy (�0.02 rad), but the interpretation is of-
ten not definitive. Helical computed tomography exposes
the fetus to no more radiation than ventilation-perfusion
scanning as long as the fetus can be kept out of the scan-
ning field (20). Pulmonary angiography can be done
without significant radiation to the fetus (�0.5 rad) and is
recommended if there is any doubt regarding the diagnosis
after computed tomography or ventilation-perfusion scan-
ning (21). Magnetic resonance imaging may be used if
pelvic vein thrombosis is suspected, but the utility and

safety of other diagnostic modalities have not been ade-
quately established.

The treatment of acute thromboembolism during preg-
nancy requires intravenous anticoagulation with heparin
for 5 days. Subcutaneous heparin then should be given ev-
ery 8–12 hours for 3–6 months after the acute event, keep-
ing the partial thromboplastin time 1.5 times the control
value throughout the dosing interval. After the patient re-
ceives at least 3 months of therapeutic anticoagulation,
heparin doses of at least 10,000 units twice daily should be
continued until term. Heparin requirements increase
throughout pregnancy because of increased clearance, ex-
panded plasma volume, increased protein binding, and
degradation by the placenta. Upward dosage adjustments
are often necessary in the second and third trimesters. Be-
cause of the increased levels of fibrinogen and factor VIII
during pregnancy, some women will appear to be heparin
resistant on the basis of monitoring with the activated par-
tial thromboplastin time (aPTT). Anti-factor Xa levels
(0.3–0.6 IU/ml throughout the dosing interval) may be
used to guide therapy in these women (22). Heparin-
induced thrombocytopenia (HIT) is rare during gestation
(23), but women who develop HIT during pregnancy may
be treated with danaproid sodium, which does not appear
to cross the placenta (24). Warfarin is relatively contraindi-
cated during pregnancy because of the risk of both fetal bleeding
and malformation. Warfarin is safe to use during breast-
feeding and may be used once the baby is delivered; it
should be continued for at least 4–6 weeks postpartum be-
cause women remain hypercoagulable until then. Low-
molecular-weight heparin does not cross the placenta, but
dosing requirements during pregnancy have not been de-
termined. If low-molecular-weight heparin is used to treat
acute thromboembolism, anti-factor Xa levels should be
monitored, and the dose should be adjusted to maintain
peak anti-factor Xa levels between 0.5 and 1.2 IU/mL using
twice-daily dosing (22). Thrombolytic therapy should be
reserved for life-threatening situations because of the
significant risk of maternal hemorrhage, preterm delivery,
and fetal loss.

RENAL DISORDERS

During pregnancy, the increase in cardiac output and blood
volume results in an increase in renal plasma flow; the
glomerular filtration rate rises to 150–180 mL/min. Serum
creatinine levels typically fall, so a serum creatinine of
greater than 0.8 mg/dL is considered abnormal, as is a blood
urea nitrogen level of greater than 14 mg/dL. Urinary pro-
tein excretion increases to 300 mg/d, and patients with un-
derlying proteinuria may develop nephrotic range protein-
uria (�3.5 gm/24 hours) during pregnancy. Renal
compensation for the normal hyperventilation of preg-
nancy results in a serum bicarbonate fall of approximately
4 mEq/L. The influence of progesterone and the mechanical
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compression of the ureters and bladder by the gravid uterus
result in a normal hydronephrosis of pregnancy, most no-
tably on the right side. Both urinary stasis and reflux may in-
crease as the ureters dilate, and they predispose the pregnant
woman to pyelonephritis (mostly right-sided) and stone
formation (Chapters 68 and 103) (25).

In addition to the usual nonobstetric causes of acute re-
nal failure, severe preeclampsia, acute fatty liver of preg-
nancy, and postpartum hemorrhage are causes unique to
pregnancy. Idiopathic postpartum renal failure may be
pathophysiologically related to hemolytic uremic syn-
drome and thrombotic thrombocytopenic purpura (8). Re-
nal biopsy should be performed, if necessary, prior to the
third trimester. Hemodialysis and peritoneal dialysis can
treat renal failure successfully during pregnancy. Dialysis
should be performed earlier (blood urea nitrogen level �
60 mg/dL) and more often than in the nonpregnant patient
because a blood urea nitrogen level greater than 80 mg/dL
is toxic to the fetus. More frequent dialysis also reduces the
need to remove large volumes of fluid and the resulting risk
of hypotension and uteroplacental hypoperfusion.

Women who have had renal transplants (Chapter 102)
usually maintain normal renal function during pregnancy
and normally have no evidence of graft rejection. Pred-
nisolone crosses the placenta to only a minimal degree and
does not appear to adversely affect the fetus. Azathioprine
crosses the placenta, but the fetal liver lacks the activating
enzyme, so the fetus is protected from its effects. Cy-
closporine does not appear to cause congenital anomalies
but may be associated with fetuses that are small for gesta-
tional age. Experience with tacrolimus and mycophenolate
mofetil is extremely limited during gestation, and these
immunosuppressives are generally avoided during preg-
nancy (26,27).

CEREBROVASCULAR DISORDERS

Cerebrovascular disorders account for 8%–12% of all mater-
nal deaths, and about 35% of all strokes that occur in
women of childbearing age occur during pregnancy. Strokes
may occur at any time from the second trimester through the
first 4–6 weeks postpartum. Cerebral venous thrombosis, how-
ever, almost always occurs during the first 4 weeks postpar-
tum in association with cesarean section, dehydration, hy-
percoagulable states, infection, or hyperviscosity.

Over 90% of headaches during pregnancy are migraine or
“tension-type.” Approximately two-thirds to three-quarters
of women with chronic migraine report that their headaches
improve or stay the same during gestation. Nevertheless,
cerebral aneurysms and arteriovenous malformations
(Chapter 117) may be more likely to bleed during pregnancy
or postpartum. Women with new onset of severe headaches
during pregnancy, especially with aura or mental-status
changes, should be evaluated carefully (Table 32.4).
Appropriate imaging studies such as computed tomography

with or without contrast or magnetic resonance imaging or
angiography may be done safely during pregnancy and
should be used to aid the diagnosis if necessary. Treatment
of headaches during pregnancy should start with simple
analgesics. Opiates may be used, if necessary, but should be
limited to short-term use because they cross the placenta.
Benzodiazepines and ergots generally are avoided during
pregnancy, as is sumatriptan (although some believe that
sumatriptan may be used in selected women [28]). �-block-
ers may be used if prophylaxis is indicated.

The treatment of epileptic seizures (Chapter 118) during
pregnancy is generally the same as in the nonpregnant pa-
tient. Seizures that occur for the first time during the third
trimester should be considered eclamptic until proven oth-
erwise. If the seizures do not respond to magnesium sulfate,
underlying stroke may be causing the epilepsy.

FEVER

Fever in a pregnant woman commonly indicates an infec-
tion, with a spectrum of infections similar to that in the
nonpregnant woman. However, aspiration pneumonia and
acute sinusitis are more common in the pregnant woman.
Listeria infections can cause significant fetal injury and
death unless treated promptly with penicillin or ampicillin
(Chapter 70).

Pregnant women also are prone to urinary tract infections
and pyelonephritis (Chapter 68), which must be treated ag-
gressively to prevent sepsis. Most of the antibiotics used to
treat these infections, including sulfa drugs and aminoglyco-
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TABLE 32.4
CAUSES OF “ABNORMAL” HEADACHES IN
PREGNANCY

Hemorrhagic stroke
Eclampsia
Hypertensive encephalopathy
Aneurysms
Arteriovenous malformation

Nonhemorrhagic stroke
Eclampsia
Hypertensive encephalopathy
Cardioembolism
Thrombosis resulting from thrombophilia
Illicit drugs

Cerebral venous thrombosis
Dehydration
Infection
Hypercoagulable states
Hyperviscosity

Other
Pseudotumor cerebri
Illicit drugs
Tumor
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sides, are safe during pregnancy. Quinolones have been used
safely in a limited number of pregnant women despite initial
reports that they impair cartilage formation in dogs. Tetracy-
clines should be avoided after the first trimester (29).

Endometritis and septic pelvic thrombophlebitis are 
important causes of postpartum fever. Endometritis is a
polymicrobial infection with genitourinary pathogens such
as Streptococcus, Enterobacteriaceae, and Bacteroides species, es-
pecially if the infection begins within the first 48 hours post-
partum. Women who remain febrile despite what should be
appropriate antibiotic therapy are often felt to have septic
pelvic thrombophlebitis, even though blood clots usually
are not found despite appropriate imaging studies. The rec-
ommended treatment for septic pelvic thrombophlebitis is
empiric intravenous heparin, but there are no controlled
studies to confirm its efficacy.

KEY POINTS

■ Pregnancy causes significant cardiac stress that may un-
mask or worsen underlying heart disease.

■ Severe preeclampsia or eclampsia causes significant injury
and death and requires aggressive management. Eclamp-
tic seizures are treated differently from epileptic seizures,
so the diagnosis of seizures during pregnancy must be ac-
curate.

■ Diabetic ketoacidosis during pregnancy may present with
glucose levels of less than 200 mg/dL.

■ Thromboembolism is five times more common in preg-
nancy. All relevant imaging studies should be performed
to ascertain the diagnosis because the amount of radiation
to the fetus is well below that which is still considered safe.

■ Most antibiotics, including penicillins, sulfa drugs, and
aminoglycosides are safe during pregnancy. Tetracyclines
should be avoided after the first trimester.
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Care of Special 

Populations: Psychiatry
David F. Gitlin Bernard Vaccaro

INTRODUCTION

Patients with primary or secondary psychiatric disorders
commonly present to general hospitals for either psychi-
atric or medical care. Patients with previously known
psychiatric conditions, such as schizophrenia or bipolar
disorder, are often a challenge for the nonpsychiatrist with
little previous exposure to these illnesses. In fact, these
patients may be at greater risk of medical illness than the
general population because of decreased self-care, limited
access to medical care, and poor compliance with outpa-
tient treatment. Hospital management of these patients
should focus on the medical condition. However, addi-
tional attention to the comorbid psychiatric illness may be
necessary if it complicates or interferes with medical man-
agement. Psychiatric medications may require adjustment
in the setting of acute renal or hepatic insufficiency or be-
cause of potential drug interactions.

Patients without primary mental disorders may demon-
strate acute neuropsychiatric symptoms in the hospital. An
array of medical illnesses, such as myocardial infarction,
stroke, or infections, may disrupt brain function and lead
to delirium. Patients may develop acute anxiety or pro-
found depressive mood because of uncertainty about their
condition or concern about prognosis. Recognizing and ad-
dressing these psychiatric sequelae are essential for the
optimal care of all patients.

Finally, some patients may have conditions bordering
between medicine and psychiatry. Such patients may present
with a variety of somatic complaints, but appropriate evalu-
ation demonstrates no organic etiology. For many patients,
a “psychosomatic” condition may exist. Hospital physicians
must confront the challenge of understanding such a condi-
tion in patients whom they may never have seen before.

DEPRESSION

Depression is perhaps the most common psychiatric condi-
tion seen in the general hospital. Appropriate assessment
and effective management are the hallmarks of care. Inade-
quate diagnosis or treatment occurs in over 50% of patients,
however, and may result in serious results such as suicide.
For a complete discussion of depression, see Chapter 119.

SUICIDE

Suicide, the most common and serious psychiatric emer-
gency, is frequently seen in general hospital EDs and med-
ical services. Suicide is the eighth leading cause of death in
the United States, with a rate of 10–13 deaths/100,000
deaths each year. Suicide is the second leading cause of
death in teens and young adults ages 15–24. Whites are
twice as likely as nonwhites to commit suicide, men are
more than four times as likely as women to kill themselves,
and the highest suicide rate (41/100,000, or four times the
general population) is seen in elderly men (1).

Over 90% of individuals who complete suicide have a
psychiatric disorder, most commonly a depressive illness.
Higher rates of suicide are also seen with schizophrenia,
bipolar disorders, substance abuse disorders, and possibly
anxiety and personality disorders. Approximately 20% of
completed suicides are accompanied by medical illnesses,
and the suicide rate increases with more severe or chronic
conditions (1). Fifty percent of individuals who commit
suicide saw a physician in the month before the event, but
most did not identify their suicidal thoughts directly to the
physician. Thus, assessment and management of suicidal
risk are critical skills for the hospital physician.

33

26410 ch 033  3/11/05  2:52 PM  Page 279



Identification of suicidal potential and the acute man-
agement of suicidal behavior are the cornerstones of care
for the hospital physician. Some patients will present with
primary psychiatric derangements, including agitation,
withdrawn behavior, poor self-care, psychosis, and overt
suicidal intentions. Patients should be questioned about
active suicidal behaviors, and appropriate medical inter-
ventions must be taken if overdose or self-inflicted injuries
have occurred. The physician must assess suicidal risk and,
if it is present, provide a safe and effective treatment envi-
ronment, which should include the following:

1. Location in a secured setting, devoid of objects that the
patient might use for self-harm.

2. A search of the individual for potentially dangerous ob-
jects, such as guns, knives, razor blades, and so on, and
for medications that might be used in an overdose at-
tempt. This search should be completed in a timely but,
when possible, respectful manner.

3. Constant observation by staff.
4. Physical and/or chemical restraint only as a last resort in pa-

tients whose behavior cannot be adequately controlled
with less-restrictive means.

For other patients, the risk of suicide may not be obvious.
Patients with new illnesses or diagnoses or with further
deterioration of a chronic medical condition may feel
overwhelmed and hopeless. Physicians should be alert to
signs and symptoms of depression, anxiety, and hopeless-
ness, all of which increase the risk of suicidal ideation. Pa-
tients with organic brain disorders, such as delirium, de-
mentia, and traumatic brain injury, may have increased
impulsivity and behavioral dysregulation, which may lead
to self-injurious behaviors. Asking patients about self-de-
structive thoughts and intents is the best way to identify
patients at risk.

Once a potential risk is identified, it is important to re-
quest consultation from the hospital mental health staff,
preferably an emergency or consultation-liaison psychia-
trist. The psychiatrist will help in the assessment and acute
management of underlying psychiatric disorders as well as
provide expertise about the potential risk of suicide. The
psychiatrist is typically the physician who will determine
the appropriate level of care for the patient, including but
not limited to psychiatric hospitalization, and help estab-
lish proper treatment and follow-up planning. Whenever
possible, rapid access to a 24/7 hospital-based psychiatric
consultation service is advantageous for effectively manag-
ing acutely suicidal individuals.

ANXIETY DISORDERS

Anxiety disorders are frequent in the acute hospital set-
ting. The challenge is determining whether the anxiety is
caused by the underlying medical condition, hypoxia,
hypercapnea, delirium, alcohol/sedative withdrawal syn-

drome, a reaction to a new medication, or the stress of the
medical hospitalization.

Patients with an underlying panic disorder may often pre-
sent to an emergency department with chest pain or acute
cardiac syndromes. Anxiety often accompanies cardiac or
pulmonary disease as well, such as angina, heart failure,
COPD, or asthma. For treatment of acute anxiety, low-dose
benzodiazepines (e.g., lorazepam 0.5–2 mg b.i.d. or t.i.d.)
are often effective. Longer-acting benzodiazepines such as
diazepam or clonazepam are not usually recommended be-
cause of their long half-lives and their tendency to accumu-
late in the geriatric and the medically ill patient. For chronic
anxiety, such as panic disorder or generalized anxiety disor-
der, the use of a selective serotonin reuptake inhibitor (SSRI)
may be indicated (2). Serotonin reuptake inhibitors are best
started at a low dose and then increased as tolerated (see
Chapter 119 for information on selecting and starting SS-
RIs). Because they are known to suppress respiratory drive,
benzodiazepines must be used cautiously in individuals
with respiratory conditions such as COPD and sleep apnea.

PSYCHOSIS

Psychosis, by definition, is the presence of perceptual distur-
bances (hallucinations) and/or thought disturbances
(delusions). The patient with psychotic symptoms is often
misunderstood on a medical service. Chronic or recurrent
psychotic symptoms, which can be present in a number of
psychiatric disorders, are the hallmark of schizophrenia but
also can occur in bipolar (manic depressive) disorder and
major depressions. In the acute hospital setting, the key to
assessing psychosis is to determine the course of symp-
toms. New and acute psychotic symptoms, especially in
persons over 50 years of age, are almost always related to an
organic brain syndrome, typically delirium or dementia, al-
though occasionally they may represent the index episode
of a primary psychiatric disorder. The presence of confu-
sion or a disturbance in the level of consciousness can con-
firm the diagnosis of delirium. Psychosis associated with
dementia typically occurs late in the course of the demen-
tia, and a careful history will often elicit evidence of pro-
gressive cognitive impairment (Chapter 115).

When psychotic symptoms are mild and unobtrusive,
they can often be managed with gentle reassurance and
support. More often than not, however, psychosis is dis-
tressing to both patients and staff, and it requires antipsy-
chotic (neuroleptic) medications. In patients with delir-
ium, the psychosis is usually associated with agitation and
behavioral disturbance and thus may require rapid re-
sponse for control. Haloperidol, the most commonly used
neuroleptic in general hospitals, may be administered in-
travenously, intramuscularly, or by mouth (Table 33.1).
Parenteral haloperidol is often well tolerated, likely has
fewer extrapyramidal side effects, and has a long history of
use for behavioral dyscontrol caused by delirium (see the
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section about management of delirium that follows). Pa-
tients with dementia often require a similar approach, but
lower doses are typically used.

Although haloperidol and the other, older neuroleptics
are generally safe and effective, the patient must be moni-
tored for side effects that can limit their use (Table 33.2).

The new generation of atypical antipsychotics such as
olanzapine, risperidone, and quetiapine are beginning to
be used in treating acute psychosis and are becoming
the mainstay of treatment for primary psychotic disorders
(3). They carry a substantially lower risk of inducing of
extrapyramidal side effects and other dopamine-blockade
effects, such as tardive dyskinesia and the neuroleptic
malignant syndrome. However, they carry higher risks of
hyperglycemic complications, weight gain, and prolonga-
tion of the QT interval.

Patients with chronic psychiatric disorders also develop
medical illnesses and are admitted to acute care hospitals.
To prevent relapse or decompensation, it is important to
maintain the patients on their antipsychotic medications
unless otherwise contraindicated. Use of the hospital psy-
chiatric consultant or close coordination with the patient’s
outpatient psychiatrist can often be helpful.

DELIRIUM

Delirium, or acute confusional states (Chapter 115), are
common problems in hospitalized patients. As many as
15%–30% of patients on a general medical service suffer
from delirium. The percentage can be as high as 50% in
subspecialty populations (such as patients undergoing hip
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TABLE 33.1
TYPICAL NEUROLEPTIC MEDICATIONS USED IN GENERAL HOSPITALS

Medication Dosage range for acute Maintenance dosage for Available routes of
psychosis/agitation psychosis administration

Haloperidol 0.5–5 mg q 30 min p.r.n. 0.5–10 mg PO/IM/IV
Droperidol 2.5 mg. May repeat in 3 hrs 0.625-5 mg IM/IV
Chlorpromazine 50–100 mg q 30–60 min p.r.n. 50–500 mg PO/IM/IV
Risperidone 0.5–2 mg q 1–2 hrs p.r.n. 0.5–6 mg PO
Olanzapine 2.5–5 mg q 1–2 hrs p.r.n. 2.5–20 mg PO
Ziprasidone 20 mg q 1–2 hrs p.r.n. 20–160 mg PO/IM
Quetiapine 25–50 mg q 1–2 hrs p.r.n. 25–400 mg PO

TABLE 33.2
COMMON SIDE EFFECTS OF NEUROLEPTIC MEDICATIONS

Side effect Characteristics Management

Acute dystonic reaction Sudden onset dystonia, typically of the mouth, jaw, neck, Diphenhydramine IM 50 mg b.i.d. or t.i.d.;
eyes; usually occurs in first few days benztropine 1–2 mg b.i.d., switch to low

potency neuroleptic
Secondary Parkinsonism Cogwheel rigidity, mask facies, pill-rolling tremor, and Diphenhydramine 25–50 mg b.i.d.;

peri-oral movements; occur more commonly on the benztropine 0.5–2 mg b.i.d., switch to low
higher potency neuroleptics potency neuroleptic

Akathesia Internal sensation of restlessness, inability to sit still Propanolol 10–20 mg t.i.d.;
Lorazepam 1–2 mg b.i.d.

Neuroleptic malignant Rare but sometimes fatal complication; marked by Immediately stop neuroleptic; IV hydration,
syndrome confusion or mental status changes, lead-pipe rigidity antipyretics; bromocriptine or dantrolene if

in the limbs, elevated white blood count, elevated CK severe
level, fever, and autonomic dysregulation

Cardiac arrhythmias Rare; QT prolongation leading to torsade de pointes; Avoid neuroleptic; close monitoring and
also seen with atypical neuroleptics correction of potassium, calcium, and

magnesium levels; may be less common
with olanzapine

Adapted from Norris ER, Cassem, NH. Cardiovascular and other side effects of psychotropic medications. In: Stern TA, Herman, JB, eds.
Massachusetts General Hospital Psychiatry Update & Board Preparation. New York: McGraw-Hill, 2003;391–398, with permission.
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replacement surgery or coronary bypass surgery patients
(4)) and up to 83% of ICU patients (5). A multicomponent
intervention can help prevent delirium in older patients
(6). The presumed underlying mechanism of delirium is an
imbalance of dopamine and acetylcholine in the neural
synapses. This mechanism may explain why dopamine
blockers such as haloperidol have been helpful in control-
ling the agitation associated with delirium.

The primary management of delirium consists of recog-
nizing the condition and thoroughly searching for underly-
ing medical causes. The causes of delirium are extensive,
including metabolic, neurologic, infectious, cardiac, pul-
monary, and endocrinologic sources (Table 115.4, Chapter
115). Identifying potentially life-threatening causes is
imperative: myocardial infarction, pulmonary embolus,
Wernicke’s encephalopathy, hypoglycemia, intracerebral
bleeding, CNS infections, and stroke. One frequently unrec-
ognized cause of delirium in the medically ill is withdrawal
from alcohol or sedative-hypnotic drugs. Patients in with-
drawal often develop sudden agitation and confusion 1–3
days into a hospitalization. Interviews with family members
or other sources may reveal the drinking history or clarify
prior doses of sedative-hypnotic medications. Clonidine
can be used as prophylaxis against alcohol withdrawal 
symptoms (7).

Patients with organic brain syndromes or psychiatric disor-
ders caused by general medical illnesses can also present with
a myriad of symptoms, from acute confusion and delirium
to odd or inappropriate behaviors. Common causes
include cerebral hypoxia, stroke, and closed head injuries.
Patients may have had falls or trauma in which a closed
head injury may have occurred but other injuries were ini-
tially more prominent or urgent. Closed head injuries pre-
sent as confusion, inattentiveness, forgetfulness, apathy, or
socially inappropriate and disinhibited behavior. Com-
puted tomography (CT) scans of the head may help iden-
tify underlying trauma such as a subdural hematoma or
skull fracture, but the scans may be normal in many cases.
A magnetic resonance image, which may identify diffuse
axonal injury or hypoxic damage, may be diagnostic in
cases in which the CT scan is unrevealing despite a strongly
suggestive clinical history of head trauma.

Patients can be managed with nonpharmacologic or be-
havioral interventions as well as with pharmacotherapy.
Often, patients who are quietly confused need little or no
intervention. The presence of a family member or sitter
may help calm the patient. Gentle reassurance and firm
limits may be all that are required. If the patient does not
respond to these interventions, neuroleptic medication is
the treatment of choice. The application of mechanical
restraints may also be required when all other appropriate
interventions have been unsuccessful.

For mild delirium or delirium in a geriatric patient,
initial therapy is haloperidol 0.5–2 mg intravenously,
every 30 minutes, until the patient is calm. It is important
to allow the 30 minutes for the medication to work before

repeating the dose to avoid oversedation and other
complications of neuroleptic use. For a moderately deliri-
ous patient, 2–3 mg is given, whereas 5–10 mg is recom-
mended for a severely agitated patient. If the patient is not
calmer after the initial dose, the dose may be repeated every
30 minutes until the desired affect is achieved. If a cumula-
tive 10 mg dose of haldoperidol is inadequate, 1–2 mg of
lorazepam every 30 minutes may act synergistically to help
decrease the total amount of haloperidol required. The to-
tal required dose of medication needed to calm the patient
is then calculated and given in divided doses b.i.d. or t.i.d.
Once the patient’s symptoms begin to decrease, the medi-
cation can be tapered as tolerated.

THE “DIFFICULT” PATIENT

Occasionally, managing a hospitalized patient is challenging
because patients may refuse treatments or tests, undermine
the staff’s efforts to care for them, and react with mistrust and
anger. These patients typically have personality traits or dis-
orders that can be disruptive, and they often create strong
emotional reactions in the staff who care for them.

A personality disorder is defined as a lifelong pattern of
maladaptive behavior that does not serve to meet an indi-
vidual’s needs effectively. Signs of a personality disorder in-
clude overvaluation of some staff while devaluing others;
rapid shifts in mood, especially when given unwanted
news; and playing off some staff members against others,
called splitting. Often these disruptive behaviors arise be-
cause the patient feels emotionally out of control, and it is
the responsibility of hospital staff to help the patient feel
self-contained.

The most important part of treating these patients is
recognition of the personality problem itself. This recogni-
tion can help staff understand that splitting is occurring
rather than personalize the difficult interactions with the
patient. Psychiatric consultants can assist the team in un-
derstanding the patient’s particular personality issues and
help tailor the treatment plan to maximize success. Nursing
and medical staff should come together to agree on a
thoughtful and medically appropriate plan, especially
around emotionally charged issues such as pain, anxiety
medications, and discharge planning. Difficult patients of-
ten need acknowledgment of their suffering and the diffi-
culty of their predicament as well as firm limits. The treat-
ment plan should be communicated to the patient in the
presence of the whole team (and documented accordingly)
to minimize the opportunity for splitting.

FUNCTIONAL SOMATIC DISORDERS

Emotional distress can trigger physical symptoms, whether
it is diaphoresis and tachycardia seen with anxiety or the in-
somnia, anorexia, and fatigue of depression. Most individ-
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uals who have somatic symptoms are able to differentiate
whether they are physical or psychic in origin. However,
some patients are unaware that their somatic symptoms
have an emotional source. Subclinical somatic presenta-
tions are common and generally self-limiting.

Functional somatic disorders can present as atypical
somatization disorder, hypochondriasis, or a conversion
disorder. Somatization disorder is a chronic state of persistent
and varied somatic symptoms for which there are no dis-
cernable organic causes. It typically occurs in young
women, many of whom have had traumatic childhood his-
tories. Hypochondriasis is manifest by a preoccupation with
one’s health to the exclusion of all else. Patients with
hypochondriasis are convinced they have a serious medical
disorder despite repeated evaluations, are difficult to per-
suade otherwise, and will often present multiple times to
multiple health systems. Conversion disorder is a demon-
strated loss of motor or sensory function not associated
with any organic source, presumably as an expression of
psychological distress. Common examples include psy-
chogenic seizures, blindness, and paralysis.

Factitious disorders, including the rare variant known as
Munchausen’s syndrome, entail the conscious manufacturing
of signs and symptoms by patients. Patients may produce
false fevers by surreptitiously heating thermometers, alter
laboratory tests with covertly ingested medications, or even
inject urine and feces to create false infections. Despite con-
scious awareness of their behaviors, patients are likely
unaware of the psychological process that underlies their
actions (8).

Whether or not these patients are consciously aware of
their symptom production, the signs and symptoms are
caused by psychologic distress too unbearable for the pa-
tient to manage. Rather than deal with their psychic an-
guish, these patients experience their suffering somatically.
They may have learned that physical illness can earn them
love and attention from caregivers, whereas emotional ill-
ness leads to abandonment and criticism.

Hospital physicians may have intense reactions once
they realize that a somatic syndrome is not likely caused by
an organic etiology. A physician who has invested a great
deal of time, concern, and resources may feel especially
abused or manipulated or feel that he or she has been made
to look foolish. The tendency is to respond angrily by con-
fronting or even abandoning the patient, a response that
will not rectify the situation because the patient will soon
find another physician and/or health care system in an end-
less search for care.

Physicians must recognize their essential role in manag-
ing these patients. One requirement is to appreciate that
the patient is quite ill with either a serious physical disor-
der or a serious mental disorder. By limiting unnecessary
testing and invasive procedures, especially surgeries, the
physician helps prevent iatrogenic complications. Al-
though psychiatric consultation is important in under-
standing the patient’s incentive toward illness, patients

with somatic disorders are generally averse to psychiatric
intervention or treatment. The psychiatrist typically helps
the hospital physician and primary care provider establish
a treatment plan that can minimize patients’ danger to
themselves.

VIOLENT PATIENTS

Violent and aggressive behavior in hospitalized patients is
predominantly a manifestation of derangement in brain
function: delirium, dementia, head trauma, and drug in-
toxication/withdrawal states. Aggression can also be seen in
patients with psychiatric conditions such as mania, psy-
chosis, severe anxiety, borderline personality disorder, and
agitated depression. Occasionally, violent behavior is voli-
tional, representing sociopathy.

Violent behavior in an acute care hospital is relatively
rare, but it can be devastating to staff and patients. Hospi-
tal physicians must recognize the risk for violence early in
the assessment of patients and be sure all staff are warned
about a particular patient’s potential for aggressiveness.
They should then assemble a multidisciplinary team, in-
cluding nursing, social work, and psychiatry, to address the
issue rapidly. Hospital security staff may also play an im-
portant role. When behavioral approaches fail, medica-
tions or physical restraints may be necessary (9).

INFORMED CONSENT, COMPETENCY,
AND THE RIGHT TO REFUSE
TREATMENT

A general tenet of good medical practice is to ensure that
patients are adequately informed about their condition and
understand the risks and benefits of the range of treatments
available. Occasionally, patients do not agree with their
physician’s opinion and/or recommendation regarding
evaluation and treatment. Although physicians typically
defer to their patients’ choices, the physician may at times
question whether a patient has the decision-making capac-
ity needed to refuse the treatment. When the risks of refus-
ing treatment are substantial, the physician may request a
psychiatric consultation to assess whether the patient is
competent to refuse.

Over the past half-century, there has been a movement
toward supporting a patient’s autonomy for decision mak-
ing rather than relying on the physician’s beneficence
(Chapter 17). The courts have adopted the concept of in-
formed consent, whereby individual patients should expect
their medical providers to inform them adequately but
allow them to make the decision free of coercion. Informed
means that patients are made aware of their condition and
that the risks and benefits of treatment (plus all alterna-
tives, including no treatment) are provided in a reasonable
manner. The final aspect of the informed consent doctrine

Chapter 33: Care of Special Populations: Psychiatry 283

26410 ch 033  3/11/05  2:52 PM  Page 283



is that a patient’s decision making is based upon a pre-
sumption of competency to make such a decision,
including the following:

1. The ability to make a decision
2. The ability to understand information
3. The ability to appreciate the consequences of one’s

decision
4. The ability to think rationally (10)

If a physician believes that a patient does not have one or
more of these abilities, he or she may conclude that the pa-
tient is not competent to make medical decisions. Although
the physician may encourage the family (or hospital in lieu
of family) to pursue some form of guardianship, the stan-
dard of care in most hospitals is to seek the opinion of a
psychiatric consultant. The psychiatrist will not only assess
the patient’s decision-making ability, but also assist the pa-
tient, family, and medical team to collaborate effectively on
decision making, thereby obviating the need for legal inter-
ventions. Occasionally the consultant may identify disrup-
tions in the communications between medical team and
patient and, as a result, catalyze increased consensus and
agreement.

CIVIL COMMITMENT

Acutely decompensated, mentally ill patients frequently pre-
sent to emergency departments of general hospitals with
psychosis, depression, suicidal ideation or attempts, or po-
tential violence. These patients may present on their own or
be brought by police, family, or outside providers. Suicide at-
tempts, including overdoses and self-inflicted injuries, may
result in medical hospitalization despite ongoing suicidal
risk. A hospitalist may need to decide rapidly whether invol-
untary psychiatric confinement is preferable to admission to
a general hospital.

Most states have statutes that allow for the emergency
involuntary hospitalization and confinement of mentally
ill individuals who are considered to be an imminent dan-
ger to themselves or others. These commitment statutes are
typically short-term, lasting anywhere from 2 days–
3 weeks. In general, these statutes permit involuntary con-
finement but not involuntary treatment, which typically re-
quires a separate hearing to assess whether the patient is
competent to refuse the actual treatment.

Most jurisdictions permit licensed physicians to hold in-
dividuals in the hospital against their will if it is determined
that they are a potential danger because of a mental illness.
Some states require more than one physician’s input, and
others require evaluation by designated clinicians or psychi-
atrists. It is critical that every hospital physician know the lo-
cal statutes regarding involuntary commitment. However,
when the physician is uncertain about the state laws con-
cerning commitment, it is prudent to protect the patient and
community by holding the individual until the appropriate

psychiatric evaluation can occur. Hospital lawyers and psy-
chiatrists are useful resources regarding local regulations.

TRANSFER/ADMISSION TO 
PSYCHIATRIC UNITS

Patients who present with acute psychiatric symptoms may
benefit from psychiatric hospitalization. When patients are
determined to be a potential danger to themselves or oth-
ers, hospitalization is typically necessary, whether or not
the patient agrees with this recommendation. Most states
have two basic processes for psychiatric hospitalization:
voluntary or involuntary.

Voluntary admission, as implied, is when a patient who
might benefit from acute treatment in a psychiatric unit
agrees to this treatment. For many of these patients, the in-
patient treatment provides a more intensive, accelerated ap-
proach than can be provided in an outpatient setting. How-
ever, restrictions on insurance coverage for inpatient
psychiatric care often preclude this option by covering only
outpatient counseling or day treatment programs.

Patients who are considered a potential danger to them-
selves or others must be held in a safe environment until a
formal psychiatric evaluation can be performed to determine
whether the patient must be hospitalized. Patients who do
not agree with this recommendation must be committed in-
voluntarily to the psychiatric unit or hospital. In most states,
this requires an evaluation by a qualified psychiatrist or
mental health provider.

WHEN TO REQUEST PSYCHIATRIC
CONSULTATION

Psychiatric consultation should be considered for patients
with any of the following characteristics:

1. Suicidal ideation or behavior
2. Agitated or aggressive behavior
3. Unexplained somatic symptoms
4. Active primary psychiatric disorders
5. Significant emotional dysfunction associated with the

primary medical condition
6. Personality traits and disorders that interfere with

medical care

In addition, psychiatric consultation should be consid-
ered if the physician has serious questions regarding the pa-
tient’s decision-making capacity.

KEY POINTS

■ Patients with chronic psychiatric disorders also develop
medical disorders, and careful evaluation is required to
detect medical problems and distinguish them from
psychiatric symptoms.
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■ Patients with medical disorders can develop acute psychi-
atric symptoms, which may represent a manifestation of
the medical illness.

■ Suicide is typically seen with depression or other mental
disorders, and its frequency increases in patients with sig-
nificant medical disorders.

■ Early recognition and management of delirium can de-
crease morbidity and mortality.

■ Antipsychotic medications are essential for the treatment
of delirium and psychosis, but side effects of these medi-
cations can complicate medical illness.

■ Consultation-liaison psychiatrists can assist in assessing
and managing functional somatic disorders, difficult-
to-manage patients with personality disorders, and
potentially dangerous behavior.
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Trauma
Deborah M. Stein Ronald Rabinowitz Ellis Caplan

INTRODUCTION

Victims of injury are not limited by age, race, gender, or
socioeconomic class. Trauma is unbiased in who it afflicts,
and it can occur at any time or place. All clinicians must 
be prepared to treat injured patients, who can present chal-
lenging diagnostic and management decisions.

Death from trauma can occur at three separate phases
of injury. Those who die at the scene usually have
unsalvageable major vascular disruption, high spinal cord
injury, or massive head trauma. A second group of
patients may lose their lives because of ongoing hemor-
rhage or evolving injuries. Trauma systems aim to
treat these patients within minutes-to-hours following
injury. A third group of patients succumb to infection
and multiple organ system failure days-to-weeks follow-
ing trauma.

EPIDEMIOLOGY

Accidents represent the fifth leading cause of death among
all age groups, and the leading cause of death in people ages
1–34 (1). About 40,000 Americans are killed in motor
vehicle collisions each year, and another 3.5 million suffer
nonfatal injuries (2, 3). Another 30,000 deaths occur annu-
ally from firearm violence in the United States (4). Among
the age groups 15–19, 20–24, and 25–34, accidents, homi-
cides, and suicides cause more than 75%, 72%, and 51% of
deaths, respectively (5).

Mechanisms

Injuries are divided into two broad classes. Penetrating
trauma is caused by firearms, knives, and other sharp
objects that can become impaled. Blunt trauma most com-
monly arises from motor vehicle or motorcycle collisions,
pedestrians struck by vehicles, or falls. However, any sig-
nificant force sustained by the human body can result in
major injury. Sports injuries and industrial accidents are
commonly seen. Some types of injuries can result in a com-
bination of both blunt and penetrating damage.

Initial Evaluation

The basic philosophy in caring for a trauma patient is to
assume that major injury exists until proven otherwise.
The onus is on the health care team to rule out life-threat-
ening injuries definitively and constantly to protect
against destabilization of existing injuries. The American
College of Surgeons Committee on Trauma has outlined 
a highly protocolized way of evaluating the trauma pa-
tient (6): The primary survey (composed of “A � airway,
B � breathing, C � circulation, D � disability, E � expo-
sure”); rapid diagnostic studies; and the secondary survey,
which includes a complete history and physical examina-
tion of the patient and the performance of secondary 
diagnostic procedures.

Primary Survey

The primary survey consists of a sequence of systematic
evaluations; each component must be addressed before

34
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proceeding. These steps must be constantly reevaluated
throughout the workup of the injured patient.

■ The first priority is the evaluation and treatment of airway
compromise. The airway may be secured with simple po-
sitioning, insertion of oral or nasal airways, endotracheal
or nasotracheal intubation, or surgical access (cricothy-
roidotomy). Care must always be taken to maintain cer-
vical spine stability; this goal is accomplished with “in-
line” traction techniques.

■ The second priority is adequate ventilation and oxygena-
tion. The physical examination should assess the
presence of equal bilateral breath sounds and equal,
symmetric rise of the chest. The chest wall should be
palpated for crepitus or fractures. Adequate oxygenation
can be confirmed with pulse-oximetry. All trauma pa-
tients should be administered supplemental oxygen.

■ The third priority is rapid evaluation of the circulation. 
Vital signs are obtained, and large-bore IV access is 
secured. Control of hemorrhage is performed here, most
commonly with direct pressure.

■ The fourth priority is a rapid assessment of the patient’s neu-
rologic status. This task includes assessment of the Glas-
cow Coma Scale (GCS) (Table 117.1) and presence (and
level) of focal neurologic deficits.

■ The next priority is to expose the patient completely, for a
comprehensive external examination.

Rapid Diagnostic Studies

During the primary survey, a decision must be made as
to the patient’s overall stability. Patients who are unsta-
ble, as evidenced by shock or severe neurologic disability,
should enter into a treatment algorithm that allows for
rapid identification and treatment of life-threatening in-
juries. A chest and pelvic radiograph (at minimum) are re-
quired to make decisions about the next intervention. The
FAST (focused assessment with sonography for trauma)
exam is often used in hemodynamically unstable patients
to determine whether the source of hemorrhagic shock is
injured abdominal viscera that require immediate surgical
intervention. In the case of an equivocal FAST, diagnostic
peritoneal lavage can be utilized to identify the peritoneal
cavity as the source of bleeding. In the technique, a
catheter is inserted into the peritoneal cavity, and saline is
instilled. Once the saline is removed, it can be examined
for presence of blood or enteric contents to establish the
diagnosis of visceral injury. It is crucial to conduct the sec-
ondary survey to identify all injuries soon after the patient
is stabilized.

Secondary Survey

For patients deemed to be “stable,” the secondary survey,
which must be performed immediately, includes a history
and physical examination to identify all injuries and prior-

itize treatment. An electrocardiogram (ECG), if needed,
and blood samples should be obtained, and blood should
be sent for type and crossmatch. The clinician must re-
member to reevaluate the ABCDEs and be prepared to
change diagnostic and therapeutic priorities rapidly.

In the hemodynamically stable patient, the FAST is also
performed as part of the secondary survey to identify free
fluid in the pericardium and specific areas of the abdomi-
nal cavity. The test has a reported sensitivity and specificity
as high as 90% and 99%, respectively, in the hands of ex-
perienced operators (7). The FAST examination can also
identify fluid or air in the hemithoraces.

Diagnostic Studies

Most centers will perform chest, pelvic, and lateral cervical
spine radiographs in the initial series. Additional views of
the cervical spine may be obtained at this time to defini-
tively exclude a cervical spine injury. Thoracic and lumbar
spine radiographs are also obtained as clinically indicated.

Head CT scan should be performed in all patients with
witnessed or suspected loss of consciousness or altered
level of consciousness (GCS �15). If all 7 cervical vertebrae
are not visualized on plain radiograph, a CT scan of the cer-
vical spine with sagittal and coronal reconstructions should
be performed. CT scans of the chest to evaluate the aorta are
indicated for all patients with an abnormal mediastinum
on chest radiograph (Figure 34.1). Abdominal and pelvic
CT scans should be performed in any patient with an ab-
normal FAST, abdominal pain or tenderness, or injuries
that suggest that a significant force was sustained. Clinical
judgment must guide what CT scans or additional studies
should be performed.

MANAGEMENT OF SPECIFIC INJURIES

Head Trauma

Blunt head injuries are generally divided initially into mi-
nor (GCS � 15–14), moderate (GCS � 13–9), and severe
(GCS � 8–3). The CT scan and evolution of the clinical
examination guide subsequent management. For patients
with a normal CT scan and mild deficit, simple observa-
tion is all that is generally required. A patient with a nor-
mal CT scan and neurologic exam rarely deteriorates. Such
patients can generally be sent home with a responsible
observer, although they may still suffer from long-term
memory or cognitive deficits. Patients who are intoxicated
should be observed until their level of consciousness is
normal.

Any patient with an abnormality on CT scan, GCS �12
(or motor component �5), or focal neurologic deficit
should be evaluated by a neurosurgeon. Abnormal find-
ings on CT scan include depressed skull fractures, epidu-
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ral hematomas, subdural hematomas (Figure 34.2), sub-
arachnoid blood, parenchymal contusions, and intraven-
tricular blood. Patients with normal CT scans but an
abnormal neurologic exam often have diffuse axonal in-
jury. Immediate surgical intervention is indicated in pa-
tients who have extra-axial collections of blood with mid-
line shift or worsening mental status. Seizure prophylaxis
is often recommended (Table 34.1; see also Chapter 118)
(8).

At the discretion of the neurosurgeon, intracranial pres-
sure monitors may be placed. Strategies for management
of elevated intracranial pressure include (9), but are not
limited to, mild hyperventilation, sedation, paralytics, os-
motic diuretics (generally mannitol, 1 gm/kg), hyperosmo-

lar therapy, placement of intraventricular drainage devices,
barbiturates, and decompressive craniotomy. The aim of
therapy is to maintain a low intracranial pressure while
maintaining an adequate cerebral perfusion pressure
(�60–70 mm/Hg) (cerebral perfusion pressure � mean ar-
terial pressure–intracranial pressure). Intervention must
prevent hypoxia and hypotension, both of which worsen
long-term outcome (10). Patients with severe head injuries
are at risk for coagulopathies and shock, even in the ab-
sence of other injuries. Transtentorial herniation, which is
often heralded by the “blown” pupil and a Cushing reflex
(bradycardia and hypertension), is treated with acute hy-
perventilation, osmotic diuretics, and immediate neurosur-
gical evaluation (see also Chapter 117).
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Figure 34.1 A: Chest radiograph demonstrating widened
mediastinum suspicious for aortic injury. B: CT scan of the
chest showing traumatic aortic injury (arrow). Also note medi-
astinal blood. C: Sagittal reconstructions of chest CT demon-
strating aortic injury.
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careful neurologic examination for sensory and motor
deficits is essential. All patients with spinal cord injury
should be evaluated by a spine surgeon. In blunt spinal
cord injury, the use of high dose methylprednisolone as a
bolus (30 mg/kg), followed by a 23-hour infusion (5.4
mg/kg/hr), currently represents the standard of care, al-
though it is not without controversy (11). It must be started
within 8 hours of injury to be beneficial. Further interven-
tion in these patients includes early operative decompres-
sion and the avoidance of hypotension, to prevent spinal
cord ischemia. Mean arterial blood pressure should be
maintained at 85–90 mm Hg for 7 days following injury
(12), despite the hypotension that may accompany the loss
of sympathetic innervation.

Neck

Blunt and penetrating trauma can result in life-threatening
injuries in the neck. Penetrating injuries to the neck can
cause exsanguinating hemorrhage, major neurologic mor-
bidity, tracheal disruption, or esophageal/oropharyngeal
disruption. Carotid injuries should be evaluated by angio-
graphy and treated in consultation with a trauma surgeon
or neurosurgeon. All penetrating injuries that violate
the platysma muscle also necessitate consultation with a
surgeon.

Thoracic

Penetrating injuries to the chest can range from simple
soft tissue injury to major vascular disruption. The diag-
nostic and therapeutic approach must be guided by the
patient’s stability and the assumed trajectory of the of-
fending object. Simple pneumothorax or hemothorax is
treated with tube thoracostomy. Massive hemothorax
(initial drainage �1200 mL or �200 mL/hr for 2–3
hours) often requires surgical intervention. Precordial 
or transmediastinal injuries necessitate evaluation of me-
diastinal structures by a combination of echocardiogra-
phy, pericardiocentesis, bronchoscopy, esophagoscopy,
contrast studies, and CT scanning (Figure 34.1). All pa-
tients with penetrating injuries (other than simple
hemothorax or pneumothorax) should be evaluated by a
surgeon and all unstable patients require emergent surgi-
cal intervention.

Blunt thoracic trauma can also be a major source of
morbidity and mortality. Simple rib fractures can lead to
splinting and pneumonia if pain control is not adequate.
Epidural analgesia by an experienced pain specialist 
can be extremely helpful. Simple pneumothoraces and
hemothoraces are treated with tube thoracostomy. Pul-
monary contusions, which can range from mild to severe,
may require mechanical ventilation. All patients with po-
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TABLE 34.1
INDICATIONS FOR SEIZURE PROPHYLAXIS

Glascow Coma Score �10 (Table 117.1)
Intraparenchymal contusion
Depressed skull fracture
Subdural hematoma
Epidural hematoma
Intraparenchymal hematoma
Penetrating head injury
Evidence of seizure activity

Spinal Cord and Spine Fractures

Cervical, thoracic, and lumbar spine fractures are classified
as stable vs. unstable injuries. Stable injuries do not pose
risk to the spinal cord and are treated with methods rang-
ing from simple pain control to immobilization with col-
lars and braces. Unstable fractures, by definition, pose a
risk to the spinal cord, and consultation with a spine sur-
geon is required for stabilization.

Spinal cord injuries, most of which occur in the cervical
cord, are a major cause of short- and long-term morbidity
in trauma patients. All patients with a significant mecha-
nism of injury should be assumed to have a spinal cord in-
jury or spine fracture until proven otherwise. Cervical col-
lars and strict logroll precautions should be utilized. A

Figure 34.2 CT scan of brain with acute subdural hematoma
with 1.45 cm midline shift.
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tential myocardial injury, ranging from mild sinus tachy-
cardia to major cardiac dysfunction, require an ECG.
Hemodynamically stable patients should be treated sup-
portively with telemetry monitoring (13). Major catas-
trophic injuries such as aortic rupture, severe disruptions
of the tracheobronchial tree, esophageal injuries, and
myocardial rupture mandate emergent evaluation by an
experienced surgeon.

Abdominal

Penetrating abdominal and flank injuries must be evaluated
to determine the risk of underlying injury. Any patient with
hemodynamic instability, pneumoperitoneum, eviscera-
tion, or peritonitis on exam requires laparotomy. For pa-
tients without indications for surgical intervention, a variety
of diagnostic modalities exist, including observation and se-
rial physical examinations, peritoneal lavage, FAST, triple
contrast CT scan (14), local wound exploration, diagnostic
laparoscopy, and diagnostic laparotomy. As a general rule,
peritoneal or retroperitoneal violation necessitates
laparotomy.

The evaluation of blunt abdominal injuries is generally
accomplished with a combination of abdominal exam,
FAST, and CT scan. Any evidence of peritonitis, pneu-
moperitoneum, or hemodynamic instability attributable to
abdominal injury should be evaluated by laparotomy. Al-
though a detailed discussion of the management of these
injuries is beyond the scope of this chapter, observation
and angiography are cornerstones of the treatment of
splenic and hepatic injuries (15) (Figure 34.3).

Pelvic Fractures

Pelvic fractures are a major source of morbidity and mor-
tality in the trauma patient. Exsanguinating hemorrhage,
from either arterial and/or venous disruption, can occur
without outward signs of hemorrhage, particularly where
there is major injury to the posterior elements of the pelvis.
Patients with hemodynamic instability in the setting of a
significant pelvic fracture are treated with a combination of
fracture stabilization with abdominal binders, or external
fixation and angiographic control of bleeding. MAST
trousers can be used in the field or during initial presenta-
tion to control bleeding, but a simple bedsheet tied se-
curely around the pelvis can be extremely effective in al-
lowing temporary reduction of the pelvic elements. An
exhaustive search for associated injuries, such as those of
the rectum, vagina, bladder, and urethra, is mandatory.
Long-term morbidity can also be caused by prolonged im-
mobilization, which can lead to life-threatening deep ve-
nous thrombosis.

Extremity Trauma

Fractures should be stabilized and reduced by simple
splinting. Early (within 48 hours) definitive stabilization
and fixation is advocated for both isolated injuries and
those occurring in the context of a polytrauma (16).

For open fractures or those associated with significant
soft tissue trauma, operative irrigation and closure of the
defect are necessary to avoid osteomyelitis. Tetanus and
prophylactic antibiotics should be administered in all such
cases. Major crush injuries may lead to rhabdomyolysis due
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Figure 34.3 A. CT scan of abdomen demonstrating splenic “blush” consistent with active bleed-
ing (arrow). B. CT scan of abdomen of the same patient after proximal coil embolization (arrow).
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to muscle destruction, which should be treated aggressively
to prevent renal failure (Chapter 100).

The fractured or injured extremity must always be evalu-
ated for possible ischemia. Angiography may be required to
determine the level and degree of injury and to plan vascu-
lar repair. The patient’s clinical examination (changes in
edema, warmth, and pulses) should be closely monitored
for signs of compartment syndrome. This entity can be con-
firmed by exact pressure measurements done at appropri-
ate intervals by an orthopedist.

SPECIAL CONSIDERATIONS AND
COMPLICATIONS

The trauma patient is at unique risk for many complica-
tions.

Previous Medical Comorbidities

Information about past medical history is crucial to pro-
viding adequate treatment to the trauma patient. Signifi-
cant cardiac, pulmonary, liver, and renal disease may
impact the care of the trauma patient. A dialogue between
the trauma team and the patient’s primary or hospital
physician can be of vital importance in assuring appropri-
ate care.

Pregnancy

The pregnant trauma patient raises issues for the injured
mother and the fetus. The general rule is that the mother’s
welfare takes priority. All diagnostic tests needed to identify
the mother’s injuries adequately should be performed in a
timely fashion, minimizing radiation exposure when pos-
sible. Volume resuscitation should be liberal, due to the rel-
ative hypovolemia of pregnancy; the mothers of fetuses
over 20 weeks of gestation should be placed on their left
sides to decrease the pressure of the fetus on the vena cava.
Early obstetrical consultation should be obtained and fetal
monitoring performed for all patients more than 22 weeks
and at the discretion of the obstetrician. The Kleihauer-
Betke test can detect fetal blood in the maternal circulation.
This test, performed in the lab, makes use of the relative
resistance of fetal hemoglobin to acid denaturation. If
the test is positive, Rhogam should be administered to all
Rh– mothers.

Domestic Violence

Although domestic violence disproportionately affects
women, all patients should be screened for it. Early in-

volvement of social workers and specially trained clinicians
is imperative. Because patients often deny the true cause of
their injury, the index of suspicion must remain high to
assure the safety of the patient in the hospital and after
discharge.

Nutrition

Patients with major injuries are, by definition, catabolic,
with extreme caloric and protein requirements. When pos-
sible, enteral nutrition should be provided by a naso-
gastric or naso-jejunal feeding tube (17). Post-pyloric
tubes and promotility agents can aid the delivery of ade-
quate nutrition. Parenteral nutrition is recommended
only for patients who are unable to tolerate enteral feeds
or where gastrointestinal trauma precludes enteral nutri-
tion (see also Chapter 15).

Infectious Disease

Infections are a leading complication in the trauma patient.
Prophylactic antibiotics are efficacious in limited cir-
cumstances related to trauma, especially penetrating ab-
dominal wounds and open fractures. First generation
cephalosporins are generally used in patients with open frac-
tures for a duration of 48 hours (cefazolin 1 gm IV q8h). Pa-
tients with penetrating abdominal injury should receive 1
gram of cefotetan prior to surgery. If a hollow viscus is found
to be violated, cefotetan (1 gm IV q 12 hrs) should be con-
tinued for 24–48 hours. Patients with open facial fractures
should receive antibiotics targeting the anaerobes of the
mouth, as well as Staphylococcus aureus (clindamycin or
ampicillin/sulbactam) for 48 hours. Patients with other in-
juries are generally not given prophylactic antibiotics.

Prophylaxis for Deep Venous Thrombosis
(DVT)

Prolonged immobilization, long bone fractures, pelvic frac-
tures, closed head injuries, and, most importantly, spinal
cord injuries put the trauma patient at extremely high risk
for the development of DVT and subsequent pulmonary
embolism (18). Some centers advocate placement of vena
caval filters for all patients with spinal cord injuries.
Surveillance duplex ultrasonography is recommended for
patients with spinal cord injuries, closed head injuries, or
prolonged immobilization (19). The approach to prophy-
lactic anticoagulation is outlined in Chapter 52.

Prophylaxis for Gastrointestinal Stress Ulcers

Injured patients, particularly those with head trauma, are at
risk for the development of stress ulcers, especially if they
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require long term (�48 hours) mechanical ventilation. All
trauma patients should be treated with H2 blockers or pro-
ton pump inhibitors. Early enteral feeding is also extremely
effective at reducing the risk of stress ulcerations. Addi-
tional information on prophylaxis is found in Chapter 80.

Alcohol and Drug Abuse

Alcohol is often associated with motor vehicle collisions,
and both drugs and alcohol are associated with crime and
traumatic injury. Toxicology screening should be per-
formed in suspected cases, and a positive toxicology screen
should lead to an evaluation for substance abuse.

The management of hospitalized patients with drug or
alcohol abuse or withdrawal is described in Chapters 121
and 122, respectively.

Multiple Organ Dysfunction Syndrome

Patients with multiple injuries and those who have signifi-
cant shock states are at risk for the development of the sys-
temic inflammatory response syndrome and subsequent
organ dysfunction. Head trauma, multiple orthopedic in-
juries, massive blood transfusions, and pulmonary contu-
sions place the trauma patient at an increased risk for 
the development of acute respiratory distress syndrome
(ARDS) (Chapter 24). Cardiac dysfunction can result from
direct myocardial injury or loss of sympathetic innervation
to the heart. Renal failure may be precipitated by rhab-
domyolysis from crush injuries or ischemia secondary to
hypoperfusion (Chapter 100). Liver dysfunction and sub-
sequent coagulaopathies can similarly result from direct
injury or secondary hypoperfusion states (Chapter 82). Any
organ can become profoundly dysfunctional from the
direct effects of trauma or the subsequent inflammatory re-
sponse. The treatment for organ dysfunction in this popu-
lation is primarily supportive.

KEY POINTS

■ The initial evaluation of the trauma patient must be
performed in an orderly, step-wise fashion designed to
identify and treat the most imminently life-threatening
problems first. Always remember the ABCDEs: airway,
breathing, circulation, disability, exposure.

■ Hemodynamically unstable patients require aggressive
resuscitation and identification of the cause of shock.
Temporary stabilization and transfer to a definitive care
center is indicated if specialized personnel are not avail-
able.

■ The secondary survey identifies specific injuries and pri-
oritizes treatment. Adjunctive studies are utilized as
deemed necessary by the health care team.
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■ Neurologic injuries can be devastating. Maintaining ade-
quate blood pressure and oxygenation is critical. The
spinal cord must be stabilized until injury is definitively
excluded.

■ Penetrating injuries can range from mild to fatal.
All hemodynamically unstable patients with possible
penetrating injury should have emergent surgical
consultation and likely will require operative interven-
tion.

■ Specific concerns in the hospitalized trauma patient
include malnutrition, infectious complications, deep ve-
nous thrombosis, stress ulcers, and the sequelae of alco-
hol and substance abuse.

■ The multiple injury or hypotensive patient may develop
systemic inflammation and subsequent multiple organ
system dysfunction. Prevention and rapid treatment of
shock can reduce morbidity and mortality.
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INTRODUCTION

The tempo of cardiovascular disease requires the clinician
to diagnose rapidly and treat sometimes before the diagno-
sis is certain. This time pressure often creates a conflict be-
tween the need to be careful, conservative, and correct on
the one hand, and the equally pressing need to institute ef-
fective interventions rapidly in the acutely ill patient on the
other.

This chapter covers common symptoms, signs, and lab-
oratory abnormalities elicited from cardiovascular patients
at the time of their initial evaluation for hospitalization.

The evolution of these problems during the course of an in-
patient stay is also considered. Symptoms to be reviewed
include chest pain, palpitations, and lightheadedness,
which all have causes that range from the extremely dan-
gerous to the annoyingly benign; dyspnea (Chapter 54)
and syncope (Chapter 44) are covered elsewhere. Common
physical findings include the jugular venous pattern, pulse
abnormalities, heart sounds, and cardiac murmurs; edema
(Chapter 99) is discussed elsewhere. Finally, the electrocar-
diogram (ECG), chest radiograph, and common biochem-
ical and hematologic test results are discussed.

CARDIAC SYMPTOMS

Chest Pain

History

Because most adults have experienced chest pain of some
type in their past, the history of the current episode can be
made more valuable by an assessment of its similarity to
previous episodes. It is also extremely important to assess
the clinical setting in which the chest pain presents itself: a
22-year-old athletic medical student who presents with

35
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substernal chest pain for the first time after hearing a lec-
ture on cardiovascular pathology is much less likely to have
active cardiovascular disease, no matter what the quality of
the chest pain, than is a 63-year-old hypertensive, hyper-
cholesterolemic man, all of whose progenitors died of
coronary disease by age 55 (Chapter 6).

Chest pain can be associated with a number of cardio-
vascular, pulmonary, and gastrointestinal conditions
(Table 35.1). In an individual patient, however, it may be
frustratingly difficult to ascribe chest pain to a specific
pathologic process. In general, the chest pain history is
more useful than the physical examination. Important as-
pects of the history include the quality, location, radiation,
frequency, and duration of the pain; precipitating or reliev-
ing factors; and associated symptoms (1–3).

The differential diagnosis of chest pain includes acute
coronary syndrome (spectrum from unstable angina to ST
elevation myocardial infarction [MI]), angina pectoris, my-
ocardial ischemia resulting from valvular heart disease or
cardiomyopathy, aortic dissection, pericarditis, pulmonary
hypertension, pulmonary embolism, esophageal spasm/
acid-peptic disease, gallbladder/pancreatic disease, pul-
monary disease, and musculoskeletal pain. The critical
importance of differentiating these entities (Table 35.2) re-
volves around both the need to intervene as early as possible
in some clinical scenarios (i.e., acute MI, aortic dissection)
and the fact that the beneficial therapy for a patient with one
possible diagnosis (i.e., antiplatelet therapy, anticoagula-
tion, and/or thrombolytic therapy for acute MI) might mean
disaster for the patient with another (aortic dissection).

For both acute MI (Chapter 38) and angina pectoris
(Chapter 37), the quality of chest discomfort is classically
described as pressure, heaviness, squeezing, tightness, or
constriction. However, some patients complain of burning,
indigestion, fullness, or “gas”. When a patient complains of

sharp or stabbing chest discomfort that is reproduced by
changes in position or palpation, it is much less likely to
represent ischemic heart disease. The typical location of the
chest discomfort of ischemic heart disease is substernal, but
the discomfort may also be principally in the left precordial
area. Common sites of radiation include the left shoulder,
the base of the neck, and the left more often than the right
arm. Less commonly, the pain may radiate to the jaw, teeth,
or back. Pain that radiates to the abdomen or legs is
unlikely to be related to ischemic heart disease.

Both MI and angina may be associated with shortness of
breath and fatigue caused by ischemic myocardial dysfunc-
tion, ischemic mitral valve dysfunction, or both. MI is
suggested if the pain lasts more than 20–30 minutes,
especially if it occurred without obvious provocation. By
contrast, anginal pain usually persists for less than 15 min-
utes and is more likely to be provoked by recognizable
physiologic stress. Unstable angina is distinguished from
stable angina by its occurrence at rest or with minimal
exercise and by its change from any previous stable anginal
pattern (Chapter 37). Complete response of chest pain to
nitroglycerin within 5 minutes is most consistent with tran-
sient myocardial ischemia, although it can also be seen in
esophageal spasm.

The presenting symptoms for acute MI may also be
different for women and men. In women, shortness of
breath is at least as common as acute chest pain, and
prodromal symptoms of unusual fatigue are also more
common in women, perhaps because their MIs tend to
occur at a later age.

True myocardial ischemia may also be found in the ab-
sence of demonstrable coronary disease on angiography.
For example, some patients may have angina related to
episodic coronary artery spasm without underlying severe
coronary stenoses, and some patients have true ischemia
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TABLE 35.1
DIFFERENTIAL DIAGNOSIS OF CHEST DISCOMFORT

Cardiac disorders Noncardiac disorders

Coronary artery disease Gastrointestinal disorders
Stable angina Esophageal disorders (spasm, reflux)
Unstable angina Acid (peptic ulcer, gastritis)
Acute myocardial infarction Cholecystitis/pancreatitis

Valvular disease Pulmonary
Aortic valve disease (stenosis � insufficiency) Pneumonia

Myocardial disease Pleuritis
Hypertrophic cardiomyopathy Pneumothorax

Other Musculoskeletal
Aortic dissection Chest wall pain
Pericarditis Costochondritis (Tietze’s syndrome)
Pulmonary hypertension (severe) Thoracic outlet syndrome
Pulmonary embolism Other

Herpes zoster
Psychogenic
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TABLE 35.2
SOME HELPFUL FINDINGS IN THE INITIAL EVALUATION OF CHEST PAIN

Physical examination Electrocardiogram Chest radiograph Echocardiogram Other tests

Coronary � Check CAD risks � ST depression or � LV enlargement � LV segmental � Cardiac
artery � Peripheral elevation � Heart failure wall motion biomarkers
disease vascular disease � New Q waves � Coronary abnormality or

� S4, MR � T-wave inversion calcification � MR
� Heart failure � New conduction

system disease

Aortic � Hypertension � Pericarditis � Widened Transesophageal � Hematocrit
dissection � Cerebrovascular (PR depression, mediastinum � Aortic root � CT scan

accident J-point elevation) � Enlarged cardiac dissection � MRI
� Loss of carotid or � Inferior ischemia silhouette � Pericardial

peripheral pulses or infarction � Pleural effusion effusion
� Mesenteric or � AR, MR

lower extremety
ischemia

� Marfanoid habitus
� Aortic insufficiency
� Pericarditis

Pericarditis/ � Pericardial rub � PR depression � Enlarged cardiac � Pericardial � ESR, ANA
pericardial � Diminished (early) silhouette effusion � Hematocrit
tamponade heart sounds � Prominent or � Pericardial � Pericardial � BUN/

� Elevated JVP “peaked” T waves calcification thickening creatinine
� Kussmaul’s sign � J-point or ST � Pleural effusion � Diastolic RA or � Thyroid
� Pulsatile liver elevation (diffusely) without pulmonary RV collapse (c/w panel
� Ascites � Low voltage congestion tamponade)
� Peripheral � Electrical alternans � Pericardial fat pad � Doppler evidence

edema separation of constriction

Pulmonary � Hypotension � Sinus tachycardia � Hampton’s hump � RV dysfunction � Arterial
embolus or � Tachycardia � Right axis (pleura-based wedge- � Elevated PA blood gas
infarction � Tachypnea deviation shaped infarct) systolic pressure � D-dimer

� RV heave � RVH or RV strain � Westermark’s sign � RA or RV � V/Q scan
� RV S3 � S wave in lead I (focal oligemia) thrombus and/or spiral
� Loud P2 � Q wave in lead III � Pleural effusion � Proximal PA CT and/or
� Pleural rub � Inverted T wave � Enlarged PAs thrombus lower-

in lead III � RV enlargement extremity
Doppler
exam

Gastrointestinal � RUQ or mid- � Sinus tachycardia � Aspiration � Hematocrit,
chest pain epigastric pain with pain or GI pneumonia MCV

on palpation blood loss � Hiatial hernia � Amylase,
� Peritonitis � Inverted septal T liver
� Abnormal bowel waves with enzymes

sounds esophageal spasm � Stool for blood
� Upper GI

endoscopy
and/or RUQ
ultrasound

Musculoskeletal � Tenderness over � Sinus tachycardia � Rib fractures
chest pain ribs, spine, with pain � Vertebral fractures

costochondral
junction

� Ecchymoses
� Decreased range

of motion

AR, aortic regurgitation; CAD, coronary artery disease; GI, gastrointestinal; JVP, jugular venous pressure; LV, left ventricle; MR, mitral regurgitation;
PA, pulmonary artery; RA, right atrium; RUQ, right upper quadrant; RV, right ventricle; RVH, right ventricular hypertrophy; V/Q, ventilation–perfusion.
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despite the absence of any demonstrable abnormalities in
their epicardial coronary arteries (Syndrome X). A newly
recognized syndrome has symptoms and ECG changes
that clinically mimic acute infero-apical MI in the absence
of obstructive coronary disease; it is generally seen in
older women in the setting of hypertension and intense
physical and/or psychological stress or somatic pain. La-
beled the “Tako-Tsubo” syndrome (5) because the left
ventricular apex balloons in a pattern likened to the
Japanese pot used to catch octopus, it may be caused by
microvascular spasm or regional myocarditis. Its transient
ECG changes are similar to the acute cardiac findings in
the setting of neurologic injuries. Myocardial ischemia can
also be found in patients with aortic valvular disease, es-
pecially aortic stenosis, or hypertrophic cardiomyopathy
because of an imbalance between myocardial oxygen de-
mand and supply (Figure 38.1).

Anemia, thyrotoxicosis, fever, and other high-output
states can exacerbate underlying causes of myocardial is-
chemia but do not usually cause myocardial ischemia
themselves in the absence of other underlying abnormali-
ties. The chest discomfort caused by myocardial ischemia
resulting from these various conditions usually is clinically
indistinguishable from that of angina pectoris.

Recent exposure to recreational drugs, pharmaceuticals,
or diet supplements (e.g., cocaine, amphetamines, �-
agonist inhalers, ephedrine) can cause coronary spasm or
transient increases in myocardial oxygen demand sec-
ondary to sympathetic nervous system mediated increases
in contractility or peripheral arterial tone. At least in the
case of cocaine exposure, patients with significant ECG
changes or elevations of cardiac biomarkers are at low risk
of death or myocardial infarction (6).

Aortic dissection (Chapter 49) is a less common condi-
tion, usually associated with underlying hypertension or
an abnormality such as Marfan syndrome that causes the
aortic abnormalities. The pain is typically described as
tearing or ripping, is excruciating in severity, and has a
sudden onset (unlike that of acute MI, which tends to
build in intensity over several minutes). The pain often in-
dicates the location of the dissection, with ascending aor-
tic dissections causing pain in the chest and upper back,
and descending dissections causing pain in the upper
back and mid to lower back and abdomen. The pain is not
typically precipitated by exertion, although any stimulus
that increases blood pressure or heart rate can exacerbate
the dissection. An aortic dissection can compromise a
coronary artery, primarily the right coronary artery, and
cause acute inferior wall MI. Dissection retrograde into
the pericardium can cause acute pericardial tamponade. If
the dissection compresses the branch of any major artery,
signs and symptoms of arterial insufficiency will be noted,
with diminished or delayed pulses and end-organ dys-
function. When aortic dissection is clinically suspected,
the physical examination should search carefully for evi-
dence of delayed pulses or vascular insufficiency. The

chest radiograph may confirm an enlarged aorta. Trans-
esophageal echocardiography is an excellent screening
test, and computed tomography (CT) or magnetic reso-
nance imaging (MRI) can confirm the diagnosis (7)
(Chapter 36).

Pericarditis (Chapter 46) may present with dull or
aching chest discomfort similar to that of an acute MI, or
with pleuritic discomfort similar to that of pulmonary
embolism, pneumonia, or other pleural disease. Pericardi-
tis can also accompany acute MI, usually occurring a day
or more after an acute Q-wave MI, and pericardial tam-
ponade can occur with proximal aortic dissection back
into the pericardium. The discomfort of pericarditis is of-
ten exacerbated by inspiration or coughing. Unless ac-
companied by acute MI or aortic dissection, the pain is
unlikely to be associated with diaphoresis, nausea, or
vomiting, and it seldom radiates to the arms. The pain is
usually not related to exertion, and it tends to persist for
hours or days. A key physical finding is a pericardial rub.
In patients with evidence of tamponade or constriction,
additional findings of hemodynamic compromise should
be sought.

Although heart failure is not commonly associated with
chest discomfort, a sense of pressure or fullness may be
caused by pulmonary hypertension (Chapter 59) or the ex-
cessive stimulation or distention of the J-receptors in the
lung parenchyma. Shortness of breath and orthopnea will
almost always accompany any chest discomfort associated
with heart failure, and the patient may also have jugular
venous distention or peripheral edema consistent with sec-
ondary right-sided heart failure. Because heart failure may
also be a manifestation of other serious causes of chest dis-
comfort (e.g., acute MI, severe myocardial ischemia, aortic
dissection, pericarditis, pulmonary embolism), these other
possible precipitants of heart failure must be considered in
the initial evaluation.

Cardiac arrhythmias commonly cause a sensation of pal-
pitations (see below) rather than true chest discomfort.
However, some arrhythmias may precipitate myocardial is-
chemia and its associated chest discomfort.

The chest discomfort of pulmonary embolus (8) or pul-
monary infarction can be similar to that of coronary insuf-
ficiency when acute right ventricular (RV) strain and
ischemia associated with the pulmonary hypertension are
present. However, the pain of these conditions is more
commonly described as pleuritic in nature and is usually
peripheral rather than central in the chest.

The gastrointestinal causes of chest discomfort include
esophageal motility disorders such as spasm and reflux,
acid-peptic diseases such as ulcer and gastritis, and chole-
cystitis or pancreatitis. Esophageal spasm may mimic my-
ocardial ischemia in terms of its quality and location;
even more vexing, it may have a similar response to nitro-
glycerin. The diagnosis can often be made based on the re-
lation of the pain to meals, exacerbation by recumbent
position, and lack of relation to exercise. Esophageal
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reflux and spasm commonly respond to antacid therapy.
However, a therapeutic trial of antacids in the emergency
setting is notoriously inaccurate for making a diagnosis of
esophageal or acid-peptic causes of chest discomfort be-
cause the resolution of pain caused by ischemic heart dis-
ease during the same time frame may be inappropriately
attributed to this unrelated therapeutic trial. Gastroin-
testinal causes of chest discomfort are often associated
with abnormalities on the abdominal examination, and,
except for esophageal spasm, are unlikely to cause pain
that radiates to the shoulder, neck, or arms. Gastrointesti-
nal causes of pain also tend to have a reproducible rela-
tionship to eating, to be unrelated to exercise, and to
persist for hours.

Pulmonary causes of chest discomfort include pneumo-
nia, pleuritis, and pneumothorax, and tend to be exagger-
ated by breathing and sometimes by changes in position.
The pain is commonly described as sharp and stabbing. The
episodes range from fleeting pain associated with a partic-
ular precipitant to prolonged and constant discomfort;
neither of these characteristics is typical of myocardial
ischemia.

Musculoskeletal chest discomfort may be related to a va-
riety of abnormalities of the muscles, bones, and nerves of
the chest wall and shoulder. These causes of pain are com-
monly exacerbated by movement or local palpation, are
not otherwise affected by exertion, and do not respond to
nitroglycerin. It should be remembered that patients with
substantial chest wall trauma may also have cardiac
trauma, including myocardial contusion, valvular damage,
or damage to the great vessels.

Although traditional cardiac risk factors, such as hyper-
tension, hyperlipidemia, smoking, and diabetes mellitus,
increase the likelihood that chest discomfort may be re-
lated to ischemic heart disease (and are present in up to
90% of patients with atherosclerotic coronary artery disease
[9]), these long-term risk factors are not particularly help-
ful in the evaluation of the patient with acute chest pain.
Rather, the evaluation must focus on attempts to establish
a specific diagnosis; patients without a specific diagnosis
will commonly require additional evaluation and observa-
tion until the most serious causes can be effectively
excluded.

Physical Examination

For patients with chest discomfort, the focus of the physi-
cal examination should include evaluation of the pulse and
blood pressure. If aortic dissection is seriously considered,
blood pressure should be measured in both arms, and
pulses should be checked in the legs to exclude pulse delay.
Evaluation of jugular venous pressure is important to ex-
clude right-sided heart failure or evidence of pericardial
constriction and tamponade. The carotid pulse may be di-
minished in amplitude and its peak delayed in patients
with aortic stenosis (Chapter 41), delayed or absent in

patients with aortic dissection, or associated with a bruit in
patients with generalized atherosclerosis. Pulmonary eval-
uation may reveal a pleuritic rub suggestive of pleuritis,
pulmonary infarction, or pneumonia; evidence of consoli-
dation suggesting pneumonia; rales or wheezes of heart
failure; or findings consistent with pneumothorax. Palpa-
tion of the chest wall and related areas may reveal a mus-
culoskeletal cause of pain. On cardiac auscultation, a
prominent second component of the second heart sound
may suggest pulmonary hypertension, which may reflect
pulmonary embolism. A pericardial rub or knock is found
in acute pericarditis or pericardial constriction, respec-
tively. Patients with ischemic heart disease may have
transient third or fourth heart sounds or a murmur of mi-
tral regurgitation caused by transient papillary muscle dys-
function. The murmur of aortic stenosis (Chapter 41)
should be readily apparent, as should the murmur of hy-
pertrophic obstructive cardiomyopathy (see later in this
chapter). The murmur of aortic insufficiency may suggest a
diagnosis of acute aortic dissection. A careful abdominal
examination is critical to evaluate possible gastrointestinal
diagnoses, such as cholecystitis or pancreatitis.

Electrocardiogram

The ECG is the most important single piece of information
for the evaluation of the cause of acute chest pain. The ECG
alone is probably as important as all other pieces of infor-
mation combined. About 45% of patients with acute MI
will have diagnostic findings (new ST-segment elevation or
Q waves) on initial ECG. An additional 35% or so of pa-
tients will have ST-segment depression or T-wave inver-
sions consistent with ischemia. In patients presenting to an
emergency department with acute chest pain but who lack
such ECG findings, the probability of acute MI is less than
10%; however, identification of these MI patients, who
account for about 20% of all infarcts, is critical. It must be
remembered that the ECG is relatively insensitive for
detecting infarction of the posterior, lateral, and apical
walls of the left ventricle (10), and its specificity is limited
by individual variations in coronary anatomy and pre-
existing coronary disease.

In interpreting the ECG, several important points must
be kept in mind. First, at the time the ECG is performed,
notations should be made regarding whether the patient
is having active chest pain. Changes with acute coronary
insufficiency or arrhythmia can be dynamic and resolve
completely when the symptom abates. Second, every
effort must be made to obtain previous ECGs so that
abnormalities can be compared with those on the old
tracing. Any ECG finding that cannot be proved to be old must
be assumed to be new. The physician must have a low
threshold for repeating an ECG while the patient is under
observation, especially if the symptoms change in quality,
appear or disappear, or persist for more than 10–20
minutes.
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Chest Radiograph

The chest radiograph will rarely be diagnostic for the cause
of acute chest pain. However, it may establish a diagnosis
of pneumonia or pneumothorax, reveal an increased
cardiac silhouette consistent with pericardial effusion, in-
dicate pulmonary hypertension, or demonstrate an abnor-
mal aorta suggestive of aortic dissection. It may also show
overt skeletal abnormalities or trauma consistent with
musculoskeletal causes of pain. Once again, comparison
with previous films is critical; in the absence of old films,
any changes must be assumed to be new until proved
otherwise.

Integrating Clinical Data

Based on the history, physical examination, and ECG, it is
possible to arrive at an approximate probability that the
patient is having an acute MI (3, 11) (Figure 35.1). These
data, derived from patients presenting to emergency de-
partments, may or may not be directly applicable to pa-
tients in whom chest pain develops while they are in the
hospital.

Initial triage decisions for patients who present to emer-
gency departments with acute chest pain are driven by the
probability of acute MI in addition to the probability of
complications requiring intensive care (Figure 37.2). The
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Yes

YesST elevation (≥1 mm) or Q-waves
(≥0.04 sec) in 2 or more leads, not
known to be old?

ST-T changes of ischemia or strain,
not known to be old?

Time since chest pain began ≥48 hr?

Prior history of angina of MI?

Yes

No

No

No

Yes

456/602
76%

24/1312
2%

10/590
2%

2/65
3%

34/332
10%

15/613
2%

12/182
7%

76/662
11%

18/1172
2%

Pain radiates to arm,
shoulder, neck, or jaw?

Quality of pain solely
sharp or stabbing?

Pain associated
with diaphoresis?

346/1220
28%

No

No

No

Yes Yes No

Age ≤40 yr, or chest pain
reproduced by palpation,
or pain radiates to the
back, abdomen, or legs?

Pain worsea than
usual angina
or the same as
prior MI?

Yes

Yes No YesNo

Figure 35.1 Flow diagram for estimating the risk for
acute myocardial infarction in emergency department pa-
tients with acute chest pain. For each clinical subset, the
numerator is the number of patients with the set of pre-
senting characteristics in whom a myocardial infarction
developed, whereas the denominator represents the to-
tal number of patients presenting with that characteristic
or set of characteristics.a In frequency, severity, duration,
or failure to respond to usual measures. (Adapted from
Pearson SD, Goldman L, Garcia TB, et al. Physician re-
sponse to a prediction rule for the triage of emergency
department patients with chest pain. J Gen Intern Med
1994;9:241–247, with permission.) 
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hospital physician may participate in the initial triage deci-
sion and in the management of patients in the emergency
department. Currently, many chest pain evaluation units
(12, 13) are part of the emergency department itself, and
hence the hospital physician may not directly participate in
initial decision making. In some hospitals, however, the
hospital physician may directly supervise the chest pain
evaluation unit. In these situations, this physician will be
involved in initial triage and management decisions. Pa-
tients should generally have telemetry monitoring, serial
biomarker determinations and ECGs, and other tests as
needed to exclude myocardial ischemia or other important
causes of chest pain.

Chest pain evaluation units or observation units may
be established in the emergency department itself or in
other locations in the hospital. Such units provide contin-
uous ECG telemetry monitoring with ward-level nursing
intensity. These units usually have strict entry criteria and
prohibit intravenous medications or major ECG changes;
many insist that the patients have a low probability for MI
by validated methods (Figure 35.1). These units also have
strict transfer criteria, so that patients with recurrent
angina, MI, or evidence of hemodynamic or arrhythmic
instability must be transferred. Similarly, patients who
have evidence of other important causes of chest pain,
such as pulmonary embolism, aortic dissection, or peri-
carditis, must be moved to an appropriately intensive lo-
cation. Chest pain units typically also have a maximum
length of stay, usually no more than 12 hours (Chapters
37 and 38). These units may be established by admitting
patients to observation status in otherwise empty beds in
an ICU or step-down unit, by transforming an existing ob-
servation unit into a cardiac monitoring unit, or by using
an area in the emergency department itself. Numerous
studies have shown that when patients at low risk for MI
are admitted to such units, they can receive appropriate
care at markedly reduced expense compared with admis-
sion to traditional step-down units or ICUs. In most
studies, only about 2% of patients admitted to these
units are shown eventually to have MI, and only
10%–20% of such patients are admitted from such units
(the others are sent home after appropriate observation
and pre-discharge noninvasive testing).

Echocardiography can demonstrate wall motion abnor-
malities or other evidence of ischemia but is not generally
recommended for establishing the diagnosis of acute coro-
nary ischemia. Echocardiograms are critical for patients
with suspected valvular abnormalities, cardiomyopathy,
or pericarditis; transesophageal echocardiography is one
of the most sensitive ways to diagnose aortic dissection. In
patients with pulmonary embolism or other causes of
pulmonary hypertension, the echocardiogram may reveal
sufficient tricuspid or pulmonic regurgitation to allow
estimation of pulmonary artery pressures, as well as assess-
ment of right ventricular function, an important prognos-
tic variable when deciding on the clinical utility of

thrombolytic therapy in the case of suspected pulmonary
embolus.

Perfusion scintigraphy with sestamibi or thallium will
commonly reveal abnormalities in patients with acute is-
chemia. However, it is not clear whether integrating such
tests into routine practice will improve decision making in
patients with acute chest discomfort (Chapter 36).

Coronary angiography remains the gold standard for di-
agnosing ischemic heart disease, despite the fact that some
patients have ischemia with normal epicardial coronary ar-
teries and other patients with coronary stenoses may have
chest pain unrelated to the angiographic findings (Chapter
37). Catheterization may also be critical to diagnose peri-
cardial tamponade or constriction (Chapter 46), localize
the site of aortic dissection (Chapter 49), or perform pul-
monary angiography to diagnose pulmonary embolism
(Chapter 53).

A substantial number of patients with otherwise undi-
agnosed causes of chest pain may have underlying
esophageal pathology. Strong consideration should be
given to studies of esophageal motility and acid reflux in
patients with recurrent chest pain of uncertain etiology.

When Chest Pain Presents after Admission

The evaluation of chest pain in the hospitalized patient
is very similar to that in a patient who presents to the
emergency department. The principal difference is that in-
hospital chest pain is more likely to be precipitated by
fever, anemia, hypoxia, pain, or the wide variety of stresses
that are found in sick inpatients. In the hospitalized pa-
tient, attention to these precipitating causes may be critical
to the evaluation and management of the chest pain itself.
For example, the resolution of pain resulting from myocar-
dial ischemia may depend critically on the control of post-
operative fever and blood loss. Because patients who are al-
ready sick in the hospital typically have less physiologic
reserve, attention to the underlying precipitating causes
and prompt evaluation and treatment of the precise etiol-
ogy of chest pain are of key importance.

Palpitations

Palpitations, like chest pain, can be a warning of severe
underlying cardiac pathology but can also be completely
benign (14). Patients complaining of palpitations may be
experiencing bursts of ventricular tachycardia (VT) (Chap-
ter 43), runs of supraventricular tachycardia (Chapter 42),
or single premature atrial contractions (PACs), or they may
just be keenly aware of a physiologic sinus tachycardia. The
physician evaluating the patient must, through careful his-
tory and physical examination, select the appropriate diag-
nostic studies to ensure that the patient is not at risk for
sudden death or any other significant adverse cardiovascu-
lar event (Table 35.3).
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History

A careful history can be extremely helpful in determining
the likely etiology of “palpitations” and the likelihood that
they stem from serious underlying cardiac disease. The clin-
ical context is crucial. A 65-year-old man with a recent his-
tory of MI and decreased left ventricular (LV) function is at
higher risk for malignant arrhythmia than is a young per-
son with no other evidence of structural or coronary heart
disease.

One critical aspect of the history is the patient’s precise
definition of what is being experienced as palpitations.
Asking patients to “tap out” what they feel, or tapping out
some possibilities for them, can help distinguish a solitary
premature contraction from atrial fibrillation or a sus-
tained regular tachyarrhythmia.

Symptoms that accompany the palpitations can help di-
agnose the arrhythmia and define high- and low-risk pa-
tients. Palpitations accompanied by near-syncope (tran-
sient loss of consciousness) imply compromised cerebral
blood flow. As a general rule, supraventricular tachycardias
are less likely to cause presyncopal events than is VT. A no-
table exception is the case of a patient with reduced LV
function, whose cardiac output may fall with any increase
in heart rate. Chest pain associated with palpitations
should raise concern for concomitant myocardial ischemia.

The next important aspect of the history is the descrip-
tion of precipitating factors. Certain arrhythmias are more
likely to be encountered at times of high sympathetic tone,
others at times of high vagal tone. Atrioventricular nodal
reentrant tachycardia (AVNRT), an arrhythmia that is
precipitated by a PAC, occurs more frequently at times of
slow heart rates, especially at rest or in bed. Atrial fibrilla-
tion may occur at times of high vagal tone, during sleep, or
immediately after exercise, but it can also occur in high cat-
echolamine states, such as postoperatively or during exer-

cise (this distinction can be helpful in the choice of ther-
apy). Ventricular tachyarrhythmias are most commonly as-
sociated with high catecholamine states. The hereditary
long-QT syndrome is characterized by polymorphic VT at
times of emotional stress.

Some patients are keenly aware of the maneuvers they
can perform to terminate palpitations. AVNRT is often eas-
ily terminated by vagal maneuvers, and some patients may
note that their palpitations stop when they cough. Ventric-
ular premature beats (VPBs) associated with low heart rates
may cease with exercise.

Another important factor is the list of medications, both
prescribed and over-the-counter. Patients on diuretics may
experience VPBs or VT associated with hypokalemia or
hypomagnesemia. Patients on antiarrhythmic medica-
tions, psychotropic medications, or some antihistamines
are at risk for VPBs and polymorphous VT because of pro-
longation of the QT interval (Table 35.4). Theophylline
derivatives can cause supraventricular tachycardia or VT.
Substance abuse can also be an aggravating factor; cocaine,
amphetamines, alcohol (e.g., “holiday heart”), and excess
caffeine can precipitate palpitations and arrhythmia.

The period of time during which a patient has experi-
enced symptoms is also helpful in determining their etiol-
ogy. Bypass tract-mediated tachycardias often present in
childhood, whereas atrial fibrillation and most VTs start in
adulthood.

In the patient who is already in the hospital, the diagno-
sis of the arrhythmia is often evident (the patient is on mon-
itor), and the physician should focus on the cause of the
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TABLE 35.3
EVALUATION OF PALPITATIONS

Basics
History
Physical examination
Electrocardiogram
Electrolytes/arterial blood gases as indicated

Document arrhythmia
Holter/event monitor
Exercise test (if exertional symptoms)
Electrophysiology study

Risk-stratify for malignant arrhythmia/cardiac
morbidity/mortality
Echocardiogram (look for wall motion abnormality, abnormal 
ventricular function, valvular heart disease, hypertrophic 
obstructive cardiomyopathy)

Electrophysiology study

TABLE 35.4
CAUSES OF LONG QT INTERVAL

Congenital
Electrolyte abnormalities
Hypocalcemia
Hypokalemia (long QT secondary to fusion of ST segment
with “U” wave)

Ischemia
Medications
Antiarrhythmic drugs
Type IA: disopyramide, procainamide, quinidine
Type IC: encainide, flecainide, propafenone
Type III: amiodarone, sotalol

Psychotropic medications
Phenothiazines, butyrophenones (haloperidol), tricyclics

Macrolide antibiotics: erythromycin, clarithromycin, 
troleandomycin

Seldane
Cisapride
Pentamidine
Ketoconazole

CNS disease: subarachnoid bleed
Hypothyroidism
Myocarditis
Hypothermia
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arrhythmia. VPBs and VT are seen in critically ill patients
with electrolyte disturbances, hypoxemia, sepsis, myocar-
dial ischemia, and drug side effects. Atrial fibrillation is seen
in similar situations; it is also seen with lung processes (e.g.,
pneumonia, chronic obstructive pulmonary disease), hy-
perthyroidism, valvular heart disease, and postoperatively.

Physical Examination

The physical examination is critical in the evaluation of a pa-
tient with palpitations. Unfortunately, most patients do not
have symptoms at the time of examination, but evidence of
any underlying heart disease can be helpful in determining
the likelihood of a serious etiology of the palpitations.

The pulse can indicate evidence of VPBs or PACs or the ir-
regularly irregular rhythm of atrial fibrillation. Pronounced
bradycardia, although normal in the trained athlete, may be
a marker of abnormal conduction or need for an “escape
mechanism” (e.g., atrial fibrillation in the brady-tachy syn-
drome). Apical-to-peripheral pulse discrepancies can be
found in many arrhythmias. Hypertensive heart disease is a
prominent predisposing factor for atrial fibrillation.

Examination of the jugular venous pulse may give a
clue to the etiology of the palpitations. For example, flutter
or fibrillatory waves may be seen in the jugular venous
pressure contour, and cannon a waves are often seen in AV
dissociation.

The cardiac examination can also yield helpful clues. A
laterally displaced point of maximal impulse, dyskinetic
impulses or heaves, or palpable extra heart sounds denote
the substrate for ventricular arrhythmias. A midsystolic
click can diagnose the mitral valve prolapse syndrome,
which is accompanied by both supraventricular and ven-
tricular tachyarrhythmias. Significant murmurs may indi-
cate underlying structural heart disease, especially aortic
stenosis, mitral regurgitation, and hypertrophic obstructive
cardiomyopathy, all of which predispose patients to
arrhythmia.

Proptosis, lid lag, and tremors are markers for hyperthy-
roidism, which predisposes to atrial fibrillation. Tarnished
nail enamel and knuckle scarring accompany bulimia ner-
vosa, which leads to electrolyte imbalances that can cause
ectopic beats.

Risk Stratification

After a careful history and physical examination, many pa-
tients can be stratified into high- or low-risk categories in
terms of the likely morbidity associated with their palpita-
tions. At low risk are young patients with isolated premature
beats, no evidence of structural or ischemic heart disease on
the basis of history and physical examination, no sustained
arrhythmia, and no syncopal symptoms. Some patients will
have evidence suggesting panic attacks. At high risk are older
patients with known coronary artery disease, LV dysfunc-

tion, heart failure, evidence of structural or valvular heart
disease on physical examination, or symptoms such as
dizziness, syncope, chest discomfort, or dyspnea with the
palpitations.

Diagnostic Tests

The easiest and least expensive diagnostic test for palpita-
tions is the 12-lead ECG, which may show PACs, VPBs, a
short PR interval, delta waves, Q waves, atrial abnormali-
ties, a long QT interval, or LV or RV hypertrophy. PACs ei-
ther may be the source of the sensation of palpitations or
may trigger AVNRT (Chapter 42). VPBs may be the source
of the palpitations or the marker of a more serious abnor-
mality that might predispose to malignant arrhythmia. A
short PR interval or a delta wave suggests a preexcitation
syndrome such as Wolff-Parkinson-White syndrome. Q
waves may indicate previous MI as the substrate for VT. LV
hypertrophy may be a marker for hypertrophic cardiomy-
opathy in a young patient with a predisposition for atrial
fibrillation and VT. Fascicular blocks, bundle branch
blocks, and AV block are all markers for conduction system
disease that may indicate bradyarrhythmia.

An echocardiogram is warranted if signs or symptoms
suggestive of any structural heart disease are present (Chap-
ter 44). The echocardiogram can reveal the substrate for ma-
lignant ventricular arrhythmias: wall motion abnormalities
(suggestive of coronary artery disease or cardiomyopathy),
hypertrophic cardiomyopathy, or valvular heart disease.
Atrial enlargement, reduced LV function, or mitral annular
calcification indicate a higher likelihood of atrial fibrilla-
tion. In a young patient with syncope, a cardiac MRI can oc-
casionally be helpful to evaluate for RV dysplasia, an
important cause of VT.

In a patient with very frequent symptoms, a 24-hour
Holter monitor can diagnose the arrhythmia. For those pa-
tients whose arrhythmia is less frequent, an event monitor
may be preferable in that the patient can keep the device for
a month at a time and trigger it to record only when symp-
toms occur. Diaries are crucial to correlate arrhythmias
with any symptoms.

Treadmill exercise testing can be helpful in a patient
whose symptoms are precipitated by exercise. The exercise
test can induce the arrhythmia and provide evidence of
ischemic heart disease. A person with excellent func-
tional capacity is less likely to have significant underlying
pathology.

In a patient with alarming symptoms (e.g., syncope),
symptoms refractory to medical management, or a 
documented substrate for malignant arrhythmia, an elec-
trophysiology study may be warranted. These studies can
document and treat bypass tract-mediated arrhythmias,
AVNRT, atrial flutter, and ectopic atrial tachycardias (Chap-
ter 42). Electrophysiologic studies can also diagnose and
occasionally treat ventricular arrhythmias. These studies are
the “gold standard” for the evaluation of palpitations, but
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they are invasive and should be reserved for those patients
in whom they are necessary.

In the hospitalized patient, the approach to palpitations
is similar with the exception that a variety of acute pertur-
bations may precipitate arrhythmias. In hospitalized pa-
tients, fever, blood loss, hypotension, hypoxia, pain, and
medications are common causes of arrhythmia. Attention
to these precipitating causes may be at least as important as
specific anti-arrhythmic treatment.

Lightheadedness

Like chest pain and palpitations, lightheadedness can also
represent a spectrum of risk, from the completely benign to
potentially catastrophic. It can be a difficult symptom for
the patient to describe, and alternative terms include
“dizzy,” “woozy,” “weak,” “unsteady,” and “faint”.

Lightheadedness from a cardiovascular cause stems
from decreased blood flow to the brain; if prolonged or
more profound, syncope will occur (Chapter 44). How-
ever, cardiac symptoms must be distinguished from
vertigo, decreased proprioception, and impaired visual
acuity. Is the room spinning around? Is the sensation
worse with poor lighting? Does the patient feel faint? An
answer of “yes” to the first question implies vertigo; to
the second, decreased proprioceptive or coordination
abilities; and to the third, cardiovascular-related “light-
headedness.”

The precipitants of the sensation of lightheadedness
can also suggest its etiology. Does the patient feel light-
headed on rising from a sitting or lying position? If so, or-
thostasis is a likely mechanism. Does it occur when the
patient is standing for some time? If so, orthostasis or a
vasovagal cause is likely. Does it occur with exercise? If so,
an arrhythmia, aortic stenosis, or hypetrophic obstructive
cardiomyopathy are a possible etiologies. Does it occur
when the patient is anxious? If so, hyperventilation
should be suggested. Is it related to micturition, cough, or
straining to defecate? If so, a vagally mediated response is
likely.

Accompanying symptoms can also be helpful in deter-
mining the etiology of lightheadedness. Palpitations sug-
gest an arrhythmia that decreases cardiac output. Chest
pain suggests myocardial ischemia. Additional neurologic
deficits suggest a primary central nervous system condition,
such as a transient ischemic attack (Chapter 116) or in-
tracranial mass (Chapter 117).

A thorough review of the patient’s medication list is
critical in determining both the cause and the severity of
the condition. For example, with most antihypertensive
medications and many psychotropic medications, light-
headedness can be caused by orthostasis.

The patient’s problem list may also be very helpful in de-
termining both the cause and the severity of the condition.
Heart failure, coronary disease, and vascular disease all pre-
dispose to potentially serious causes of lightheadedness.

Anemia (if severe) or significant recent blood loss can be
contributing or causative factors to the symptom. Parkin-
son’s disease, as well as other primary neurologic disorders,
may predispose to the Shy-Drager syndrome. Diabetes and
alcohol abuse cause neuropathies that can lead to light-
headedness. Anxiety can lead to hyperventilation, which
also causes this symptom.

Physical Examination

A slow pulse might indicate heart block or symptomatic
bradycardia. A comparison of supine and standing blood
pressures and heart rate, especially if it elicits symptoms,
can be diagnostic.

Skin turgor, mucous membranes, and jugular venous
pressure can be excellent indicators of volume status. Addi-
tionally, skin pallor can raise the question of anemia and
blood loss.

The cardiac examination should be directed toward con-
sideration of conditions that decrease cardiac output (e.g.,
aortic stenosis, hypertrophic obstructive cardiomyopathy,
or enlarged and dysfunctional ventricles) or predispose to
arrhythmias. A loud P2 sound or right ventricular heave
suggest pulmonary hypertension. Auscultatory evaluation
for carotid bruits is critical in screening for cerebral vascu-
lar disease.

The neurologic examination may reveal evidence of pre-
vious central nervous system damage or diseases that
would put the patient at increased risk for autonomic dys-
function (Shy-Drager syndrome). Abnormalities in visual
acuity or evidence of inner ear pathology may provide non-
cardiovascular explanations for the lightheadedness.

Risk Stratification

Risk stratification and further evaluation of the patient with
lightheadedness follow the same approach as the evalua-
tion of palpitations, with all efforts focused on identifying
underlying or occult structural or ischemic cardiac disease
and electrophysiologic pathology.

CARDIOVASCULAR SIGNS

Jugular Venous Pressure

Before recent technologic advances became available (i.e.,
echocardiography and cardiac catheterization), correct
assessments of abnormal jugular venous pressure were
essential in certain diagnostic dilemmas, such as the
differentiation of constrictive pericardial disease from cir-
rhosis and other noncardiac sources of peripheral edema
and ascites. However, the subjectivity and difficulty of the
examination have limited its current applicability. The
key parameters are the height of jugular veins (easily as-
sessed via the external jugular veins) and the jugular wave
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forms (best assessed in the internal jugular veins, which do
not have valves to distort retrograde flow) (Table 35.5).

Perhaps the most reliable way of describing jugular ve-
nous distention is as elevated or not. Somewhat more pre-
cise estimates can be made by assuming that the “angle of
Louis” at the clavicle is 5 cm above the center of the right
atrium, and thus the jugular venous pressure is the number
of centimeters above this angle added to 5 cm. Unfortu-
nately, this assumption of 5 cm is quite variable, and the
true value ranges between 2–8 cm. If the neck veins are ob-
structed from view, an alternative is to raise the hand and
look for the height above the heart at which there is a loss
of venous distention. The key wave forms are the a wave,
which is retrograde flow during right atrial contraction, and
the v wave, which corresponds to ventricular contraction
and is exaggerated in the presence of tricuspid regurgita-
tion.

The jugular veins are a very useful way of assessing a pa-
tient’s intravascular volume status and right atrial pressure.
Although not a direct measurement of left atrial or pul-
monary capillary wedge pressure, the jugular venous pres-
sure can indirectly reflect elevations in these pressures if
there is no other cause of elevated right atrial pressure. In
contrast, Kussmaul’s sign, which is seen in constrictive
pericarditis, is an exaggerated distention of the neck veins
during inspiration, in contrast to the normal obliteration of
venous distention during inspiration.

Hepatojugular reflux can be assessed with the patient at a
45-degree angle and approximately 30–40 mm Hg of pres-
sure placed at the xiphosternal epigastric area and held for
approximately 15–30 seconds. This sign is positive if jugu-
lar venous distention is sustained for that period of time
and immediately falls on removal of pressure. In general,

hepatojugular reflux is an indicator of right-sided heart
failure (15), which in most cases is a consequence of long-
standing left atrial pressure elevation.

The cannon a wave is an indicator of AV dissociation or
any second- or third-degree AV block in which the right
atrium contracts against a closed tricuspid valve. Intermit-
tent AV dissociation may lead to irregular cannon a waves,
which are more easily recognized than the regular cannon
a waves of a junctional rhythm or VT.

Giant v waves are often seen in patients with tricuspid in-
sufficiency as a result of regurgitant blood being transmit-
ted to the right atrium and subsequently to the jugular
veins. Tricuspid insufficiency is often present in patients
with right-sided heart failure resulting from either left-
sided heart failure or pulmonary hypertension of any
etiology, but can also represent primary tricuspid valve
pathology as in the congenital Ebstein’s anomaly or trauma
caused by right ventricular endomyocardial biopsy. This
latter procedure is a regular part of the surveillance of heart
transplant recipients.

Arterial Pulses

Examination of the arterial pulses is an invaluable compo-
nent of the cardiovascular examination (Table 35.6). It is
the primary modality used to diagnose atherosclerotic pe-
ripheral vascular disease, and the presence of abnormalities
in the peripheral pulses often suggest similar coronary
pathology. Additionally, careful examination of the pe-
ripheral arteries facilitates the diagnosis of valvular heart
lesions, pericardial tamponade, heart failure, and arrhyth-
mias. However, the examination of peripheral arteries is
complicated by its subjectivity and its ill-defined grading
system.

Important qualities to note on the physical examination
of the peripheral arteries include rhythm, contour, ampli-
tude, and symmetry. Usually, the carotid artery is best
suited for examination because of its close proximity to
the heart. Examination of the carotid pulse requires a cer-
tain degree of caution, in that undue pressure on a carotid
body may result in asystole or cerebral embolism. The am-
plitude of the carotid arterial pulse increases with age, ow-
ing to stiffening of the arterial wall. As the amplitude of the
pulse is generally proportional to stroke volume, a low-
amplitude pulse suggests reduced stroke volume, and in-
creased amplitude suggests an increased stroke volume.
Hypotension, aortic stenosis, and mitral regurgitation
cause low-amplitude pulses. In contrast, hypertension, hy-
perthyroidism, high catecholamine states, and aortic insuf-
ficiency lead to high-amplitude pulses. In the peripheral
vascular bed, low-amplitude pulses imply poor blood flow,
either from reduced cardiac output or from peripheral vas-
cular disease.

The contour of the arterial pulse represents the rise and
fall of the arterial blood flow. The rise and fall of the pulse
is a marker of the rapidity of the ejection of the stroke
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TABLE 35.5
JUGULAR VENOUS PRESSURE FINDINGS

Normal
�7–10 cm H2O (i.e., not elevated)

Elevated
Intracardiac causes of high RA pressures (e.g., RV failure/LV failure, 

RV infarct)

Other causes
Pericardial tamponade or constriction
Any cause of pulmonary hypertension
Superior vena caval obstruction

Key abnormalities to assess
Giant v wave—tricuspid regurgitation
Hepatojugular reflux (abdominojugular reflux)
RV dysfunction and elevated pulmonary capillary wedge pressure 

�15 mm Hg
Cannon a wave—AV dissociation
Kussmaul’s sign—constrictive pericarditis

LV, left ventricular; RV, right ventricular; RA, right atrial; 
AV, atrioventricular.
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volume. In aortic insufficiency, for example, rapid high-
volume/amplitude pulses are noted, whereas in mitral
regurgitation, rapid low-volume pulses are palpated. In
aortic stenosis, the slow ejection time translates to a parvus
et tardus (“weak and delayed”) pulse. Other special pulses
include a bisferiens pulse (two impulses in each systole),
found in aortic insufficiency and hypertrophic cardiomy-
opathy, and pulsus alternans, found in heart failure. The
former represents the exaggerated dicrotic notch. Pulsus al-
ternans is a manifestation of marked LV systolic dysfunc-
tion, in which one weak ejection is followed by a strong
one. Pulsus paradoxus, which may be seen in cardiac tam-
ponade (and also in severe obstructive lung disease with 

exaggerated inspiratory effort), refers to a decline in blood
pressure of more than 10 mm Hg during inspiration in
comparison with expiration.

The arterial pulses may cue the examiner to the presence
of an arrhythmia. Although normally the phrase “irregularly
irregular” is used to describe the pulse of atrial fibrillation,
frequent extrasystoles may also have this cadence. A “regu-
larly irregular” cadence may correspond to extrasystoles in a
fixed pattern with sinus beats.

The symmetry of peripheral pulses may be important in
diagnosing vascular obstruction. In the setting of acute
chest pain, asymmetric pulses may indicate aortic dissec-
tion. Sudden loss of pulses in one limb, accompanied by
pain, can be a result of an embolic phenomenon or pro-
gressive vascular disease (Chapter 51).

Palpation of pulses is not limited to the periphery. Im-
portant information about the abdominal aorta can be
gained by examination of its pulse. An enlarged pulsatile
mass in the abdomen suggests aneurysmal dilatation
(Chapter 50).

A comprehensive examination of the arterial tree in-
cludes auscultation in addition to palpation. Bruits are in-
dicative of stenosis and can be heard in the carotid,
femoral, renal, and abdominal aortic vessels. A to-and-fro
bruit indicates severe obstruction or the presence of aortic
insufficiency.

Direct inspection of the arterial tree is possible in a few
locations in the body—namely, the eye grounds and the
nail bed. Abnormalities of the retinal vessels are found in
hypertension, and neovascularization is seen in diabetes
mellitus. In the nail bed, dilated capillary loops may be
seen with the ophthalmoscope in several collagen vascular
diseases, and Quincke’s pulses (subungual capillary pulsa-
tions) of aortic insufficiency may also be seen.

Heart Sounds

The stethoscope and the auscultatory skills necessary for its
effective clinical use symbolize the diagnostic skill that has
been lost in the more technologically oriented present-day
practice of medicine. Combining clinical clues derived
from the auscultatory examination with verification or
reinterpretation by an imaging modality offers the best of
both worlds. With the advent of high-quality echocardio-
graphic and Doppler interrogation of the structure and
function of the heart and valves, the role of the auscultatory
examination is often to serve as a screening test to deter-
mine the need for further evaluation.

Abnormalities in heart sounds may reflect circulatory
status, valvular abnormalities, or other cardiac abnormali-
ties. The normal first heart sound, which represents closure
of the mitral and tricuspid valves, is accentuated in
rheumatic mitral or tricuspid valvular stenosis, provided
that the valve is mobile enough to close completely. The
first heart sound tends to be softer in patients with 
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TABLE 35.6
EXAMINATION OF ARTERIAL PULSE
(PALPATION, AUSCULTATION)

Palpation
1. Amplitude (indirect measure of stroke volume)

a. Weak, thready in hypotensive and/or hypovolemic states
b. Reduced in aortic stenosis (parvus) and mitral regurgitation
c. Increased in hyperdynamic states, aortic insufficiency, 

arteriovenous fistulae
d. Pulsus paradoxus—inspiratory fall in systolic pressure

�10 mm Hg seen in pericardial tamponade and
exaggerated breathing in asthma or COPD

e. Pulsus alternans—alternating weaker or stronger pulse in 
marked LV systolic dysfunction

2. Contour (rapidity of rise and fall of pulse)
a. Delayed (tardus) in aortic stenosis
b. Bisferiens pulse—double impulse classically seen with aortic 

insufficiency and often in hypertrophic obstructive 
cardiomyopathy

c. Corrigan/Waterhammer (rapid, strong) pulse seen in aortic 
insufficiency

d. Carotid shudder/thrill seen in aortic stenosis

3. Cadence
a. Irregularly irregular—atrial fibrillation, frequent multifocal 

VPBs, PACs
b. Regularly irregular—usually PACs, VPBs in a pattern

4. Symmetry
a. Symmetric—normal
b. Asymmetric—seen in aortic dissection or vascular obstruction

Auscultation
1. Bruits—sign of atherosclerotic vascular disease over that 

particular artery
2. Transmitted murmur—aortic stenosis (if palpable, called a

thrill)
3. Systolic and diastolic bruits imply

a. severe vascular obstruction
b. aortic insufficiency

4. Arteriovenous fistula

Visual inspection
1. Subungual capillary pulsations (Quincke’s pulsations)—seen in 

hyperdynamic states, aortic insufficiency, anemia
2. Retinal vessels—hypertensive and diabetic changes

COPD, chronic obstructive pulmonary disease; LV, left ventricular; 
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incomplete mitral or tricuspid valve closure (as in valvular
insufficiency) or in patients in whom ventricular systolic
pressures are insufficient to close these valves crisply before
the beginning of systole. The second heart sound com-
monly includes discernible aortic closure followed by pul-
monic closure. At expiration, the two valves close virtually
simultaneously, but with inspiration and increased RV fill-
ing and ejection time, the pulmonic valve closes slightly
later. The aortic second sound is generally increased in hy-
pertension and decreased in calcific aortic stenosis. The
pulmonic second sound is increased in intensity by any
process that causes pulmonary hypertension, which delays
RV outflow and may also widen the split of the second
sound. With an atrial septal defect, the splitting of the sec-
ond sound tends to be wide and fixed in both inspiration
and expiration because increased RV filling and outflow oc-
cur regardless of the respiratory cycle.

An S4 gallop (fourth heart sound) precedes the first heart
sound and represents relatively poor distensibility of the
ventricle during late diastole at the time of atrial contrac-
tion. A fourth heart sound is common in patients with hy-
pertension, coronary disease, or any other condition that
leads to ventricular stiffness and impaired compliance. A
third heart sound (S3 gallop) (16) corresponds to the phase
of rapid ventricular filling in early diastole; although some-
times found in healthy young adults or pregnant women, it
is often a sign of advanced ventricular failure. In patients
with rapid rates, diastole may be sufficiently shortened that
the third and fourth heart sounds become superimposed
and form a summation gallop.

A pericardial knock, which is caused by impaired filling
in early diastole in patients with constrictive pericarditis,
occurs at about the same time as a third heart sound but is
usually louder and more distinctive. The “tumor plop” as-
sociated with an atrial myxoma that is prolapsing into the
ventricle also occurs at about the same time, but it is usu-
ally louder and distinctive from a third heart sound.

A pericardial rub, which is found with pericarditis, is a
high-pitched, scratchy sound. It may have one, two, or
three components corresponding to ventricular systole,
rapid ventricular filling, and atrial contraction.

Common Cardiac Murmurs

The assessment of any cardiac murmur should include the
following considerations: timing (systole, diastole), inten-
sity (grades I through VI), frequency (high-diaphragm or
low-bell), configuration (crescendo, decrescendo, plateau),
quality (harsh, coarse, blowing, cooing, musical, rumble),
duration (e.g., pansystolic), radiation (e.g., carotid, axilla,
back), and dynamic changes [e.g., effect of ectopic beats or
response to breathing, expiration against a closed glottis
(Valsalva maneuver), handgrip, standing, or squatting].

Grading the intensity of the murmur is particularly im-
portant in ill patients, as alterations from previous baseline

evaluations or ongoing changes may explain the dynamic
physiologic status of a patient. The standard grading for
murmurs is as follows: I, faint, heard with concentration in
a quiet setting; II, heard immediately on auscultation; III,
moderate intensity; IV, loud murmur with palpable thrill;
V, loud murmur heard with the stethoscope partly on the
chest; VI, loud, heard with the stethoscope off the chest. All
heart murmurs should also be classified as either systolic,
diastolic, or continuous (Table 35.7).

The auscultatory examination can usually differentiate a
nonpathologic or functional systolic murmur from a patho-
logic murmur and further differentiate among the various
pathologic murmurs (17). The “flow,” “functional,” or
“innocent” murmurs include the ejection murmur related
to increased cardiac output (or increased volume or velocity
of ejection) and the systolic murmur appreciated only be-
cause of the thinness of the chest wall or the unusually quiet
surroundings of the examining room. The clinical settings
most often responsible for nonpathologic systolic murmurs
include fever, anemia, thyrotoxicosis, and vigorous exercise.
Innocent murmurs tend to occur in early systole and be
grade I to II; have a high frequency, a crescendo-decrescendo
configuration, a vibratory or humming quality, and a short
duration; and be most prominent at the left sternal border
without radiation.

Unfortunately, the very conditions that create the “in-
nocent” murmur (fever, sepsis, or anemia) are often pre-
sent in sick patients in whom pathologic murmurs would
have potentially serious implications. In these sick or un-
stable patients, there should be a very low threshold
for obtaining an echocardiogram (Chapter 36) to evaluate
the systolic murmur. Three specific clinical scenarios
should also prompt a more aggressive evaluation of the
possible “innocent” murmur: (a) the early (3–7 days)
post-MI patient with evidence of new hemodynamic
deterioration, in whom ischemic mitral regurgitation or a
new ventricular septal defect should not be missed (Chap-
ter 38); (b) the septic patient at risk for endocarditis
(Chapter 71); and (c) the elderly patient with cardiac
symptoms, in whom aortic stenosis must be considered
(Chapter 41).

Pathologic murmurs commonly indicate valvular or
congenital heart disease and often have characteristic aus-
cultatory findings (Table 35.8). Once an organic murmur is
appreciated or suspected, confidence in the auscultatory di-
agnosis can sometimes be increased with the addition of
physiologic maneuvers (Table 35.9). These possible patho-
logic diagnoses should be confirmed by echocardiography.

Occasionally, neither the cardiac examination nor the
echocardiographic evaluation can adequately confirm or
exclude one of the previously described etiologies of an
auscultatory cardiac abnormality. In some cases, such as
the patient with severe chronic obstructive pulmonary dis-
ease, an excessively expanded lung parenchyma diminishes
the quality of the transthoracic echocardiographic signal.
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TABLE 35.7
CLASSIFICATION OF HEART MURMURS

A. Organic systolic murmurs
1. Midsystolic (ejection)

a. Aortic
(1) Obstructive

(a) Supravalvular—supraortic stenosis, coarctation of the aorta
(b) Valvular—AS and sclerosis
(c) Infravalvular—HOCM

(2) Increased flow, hyperkinetic states, AR, complete heart block
(3) Dilatation of ascending aorta, atheroma, aortitis, aneurysm of aorta

b. Pulmonary
(1) Obstructive

(a) Supravalvular—pulmonary arterial stenosis
(b) Valvular—pulmonic valve stenosis
(c) Infravalvular—infundibular stenosis

(2) Increased flow, hyperkinetic states, left-to-right shunt (e.g., ASD, VSD)
(3) Dilatation of pulmonary artery

2. Pansystolic (regurgitant)
a. Atrioventricular valve regurgitation (MR, TR)
b. Left-to-right shunt at ventricular level

B. Early diastolic murmurs
1. AR

a. Valvular: rheumatic deformity, perforation postendocarditis, posttraumatic, postvalvulotomy
b. Dilatation of valve ring: aortic dissection, annuloectasia, cystic medial necrosis, hypertension
c. Widening of commissures: syphilis
d. Congenital: bicuspid valve, with VSD

2. Pulmonic regurgitation
a. Valvular: postvalvulotomy, endocarditis, rheumatic fever, carcinoid
b. Dilatation of valve ring: pulmonary hypertension, Marfan syndrome
c. Congenital: isolated or associated with tetralogy of Fallot, VSD, pulmonic stenosis

C. Mid-diastolic murmurs
1. MS
2. Carey-Coombs murmur (mid-diastolic apical murmur in acute rheumatic fever)
3. Increased flow across nonstenotic mitral valve (e.g., MR, VSD, PDA, high-output states, and

complete heart block)
4. Tricuspid stenosis
5. Increased flow across nonstenotic tricuspid valve (e.g., TR, ASD, and anomalous pulmonary

venous return)
6. Left and right atrial tumors

D. Continuous murmurs
1. PDA
2. Coronary AV fistula
3. Ruptured aneurysm of sinus of Valsalva
4. Aortic-pulmonary window
5. Cervical venous hum
6. Anomalous left coronary artery
7. Proximal coronary artery stenosis
8. Mammary soufflé
9. Pulmonary artery branch stenosis

10. Bronchial collateral circulation
11. Small (restrictive) ASD with MS
12. Intercostal AV fistula

AR, aortic regurgitation; AS, aortic stenosis; ASD, atrial septal defect; AV, arteriovenous; HOCM,
hypertrophic obstructive cardiomyopathy; MR, mitral regurgitation; MS, mitral stenosis; PDA, patent
ductus arteriosus; TR, tricuspid regurgitation; VSD, ventricular septal defect. 
A and C modified from Oram S, ed. Clinical heart disease. London: Butterworth–Heineman, 1981. D
modified from Fowler NO, ed. Reprinted from Cardiac Diagnosis and Treatment. Hagerstown, MD: Harper
& Row, 1980, with permission.
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TABLE 35.8
AUSCULATORY CHARACTERISTICS OF SOME COMMON 
CARDIAC MURMURS

Mitral valve prolapse
S1 normal
S2 normal splitting
Midsystolic click
Earlier—standing, Valsalva
Later—squatting, handgrip

Midsystolic to late systolic murmur
Longer—standing, Valsalva
Shorter—squatting, handgrip

Hypertrophic obstructive cardiomyopathy
A2 normal
Paradoxical splitting S2

S4 usually present
Systolic ejection murmur
↑ Valsalva, standing, post-PVC
↓ handgrip, squatting

Bisferiens pulse
Mitral regurgitation
Diminished S1

Wide splitting S2

S3 (with moderate to severe regurgitation)
High-frequency holosystolic murmur
Occasional diastolic filling rumble
Brisk and low-amplitude carotid pulse
Aortic stenosis
Ejection sound (noncalcified valve)
Diminished A2 (immobile valve)
Paradoxical splitting S2

S3 and S4 (if severe)
Late peaking systolic ejection murmur
Delayed and low-amplitude carotid pulse
Aortic regurgitation
S1 diminished

OS, opening snap; PVC, premature ventricular contraction.

Soft A2 and narrow splitting S2

S3 common
Diastolic decrescendo murmur
Early peaking systolic ejection murmur common
owing to increased systolic flow

Pulmonary stenosis
S1 normal
S2 wide splitting
Tricuspid regurgitation
S1 normal
Holosytolic murmur
↑ with inspiration, squatting
↓with expiration, standing

Atrial septal defect
S2 wide fixed splitting
Pulmonic systolic ejection murmur
Tricuspid mid-diastolic filling murmur if large flow
Mitral stenosis
Loud S1

Narrow splitting S2

Loud P2

Opening snap
Narrow A2-OS interval (severe)

Diastolic rumble with presystolic accentuation
(longer murmur with more severe stenosis)

Ventricular septal defect
S1 normal
S2 wide splitting
P2 loud
S3 often present
Holosystolic murmur
Mitral filling rumble if large flow

TABLE 35.9
EFFECT OF PHYSIOLOGIC MANEUVERS ON SOME COMMON CARDIAC
MURMURS

Maneuver Physiologic change Accentuates Diminishes

Valsalva ↓↓ VR HOCM, MVP MR, AS, AR
(phase II) ↓↓ AL

↓ CO
Inspiration ↑ VR TR, TS, PS, PR MR
Squat ↑ VR MR, PS, TS, TR, AR HOCM, MVP

↑ AL
↑↑ CO

Standing ↓ VR HOCM, MVP TR, PFM
↓↓ CO

Handgrip ↑↑ AL MR, VSD, AR HOCM, AS
Post-PVC ↑↑ C HOCM, AS No change in MR
(Long RR interval)

AL, afterload (systemic vascular resistance); AR, aortic regurgitation; AS, aortic stenosis; C, contractility;
CO, output; HOCM, hypertrophic obstructive cardiomyopathy; MR, mitral regurgitation; MVP, mitral valve
prolapse; PFM, pulmonary flow murmur; PR, pulmonic regurgitation; PS, pulmonic stenosis; PVR,
pulmonary venous return; TR, tricuspid regurgitation; TS, tricuspid stenosis; VR, systemic venous return:
VSD, ventricular septal defect.
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In other patients, mechanical prosthetic valves may cause
enough acoustic artifact to hinder accurate diagnoses. In
both of these examples, transesophageal echocardiography
or magnetic resonance imaging may be necessary to make
a correct diagnosis.

LABORATORY ABNORMALITIES

Key laboratory abnormalities that are found in patients with
heart disease include abnormalities of the ECG, chest radio-
graph, and common blood tests. These abnormalities may
be found in patients with known heart disease or may be the
first suggestion of previously undiagnosed heart disease.

Electrocardiogram

In addition to being useful in diagnosing MI and abnor-
malities of heart rhythm or AV conduction, the ECG pro-
vides evidence regarding ventricular hypertrophy, in-
terventricular conduction, ischemia, and electrolyte
abnormalities. The normal QRS axis ranges from –30 de-
grees to �90 degrees. An axis more negative than 30 degrees
(left axis deviation) indicates left anterior hemiblock, which
is often associated with ischemic heart disease. An axis more
positive than 90 degrees (right axis deviation) may be con-
sistent with left posterior hemiblock, again suggestive of is-
chemic heart disease, or RV hypertrophy. Patients with right
axis deviation should be carefully assessed for lung disease
or other causes of pulmonary hypertension, such as pul-
monary vascular disease or congenital heart disease. Evi-
dence for RV hypertrophy is highly suggestive of pulmonary
hypertension or pulmonic valve disease. Evidence of LV hy-
pertrophy should raise questions regarding prior hyperten-
sion or left-sided valvular heart disease.

Bundle branch blocks may represent intrinsic conduc-
tion system disease or damage from prior MI. Bundle
branch blocks may be constant or may be rate-related if the
bundle branch is able to conduct normally at lower heart
rates but not at more rapid rates. In the hospitalized
patient, the new appearance of a bundle branch block, es-
pecially of the left bundle, should raise suspicion of acute
myocardial ischemia.

ST-segment depression greater than 1 mm is highly sug-
gestive of myocardial ischemia. T-wave inversion may also
suggest myocardial ischemia. New ST-T–wave changes aris-
ing in the hospital will often require formal evaluation to
exclude unstable angina (Chapter 37) or acute MI (Chapter
38). ST-T–wave changes can also be caused by medications
(e.g., digoxin) or electrolyte abnormalities (especially hy-
pokalemia).

Chest Radiograph

The finding of previously unsuspected cardiomegaly on a
chest radiograph should raise the question of ventricular

dilatation (and heart failure) or pericardial fluid. Echocar-
diography is indicated to clarify otherwise unexplained car-
diomegaly.

An enlarged or tortuous aorta often signifies atheroscle-
rotic disease. However, in a patient with chest discomfort,
the possibility of aortic dissection must be considered and
appropriate tests obtained (Chapter 49).

The chest radiograph may provide the first evidence of
heart failure by showing unsuspected increases in pul-
monary vasculature. Heart failure typically leads to in-
creased pulmonary vascular markings in the upper lung
fields, whereas a left-to-right shunt typically increases
vascular markings in the lower lung fields. A previously
unsuspected unilateral right pleural effusion or bilateral
pleural effusions may indicate heart failure.

Common Blood Tests

Elevation of the blood urea nitrogen (BUN) may indicate
intrinsic renal disease but, especially if out of proportion to
the serum creatinine level, often indicates decreased renal
perfusion resulting from heart failure. In patients with
right-sided heart failure, aminotransferase, alkaline phos-
phatase, and bilirubin levels may be minimally or even
markedly elevated. Some patients will have evidence of
poor synthetic function resulting from marked hepatic
congestion, with elevated prothrombin time and reduced
albumin levels. Patients with right-to-left shunts and hy-
poxia typically have compensatory erythrocytosis with ab-
normally elevated hemoglobin and hematocrit levels,
while anemia is now recognized as a common finding in
late stage heart failure.

KEY POINTS

■ In the differential diagnosis of chest pain, the evaluation
must focus on the most serious possible causes (e.g.,
acute myocardial infarction, unstable angina, aortic dis-
section, pulmonary embolism, and pericarditis).

■ The electrocardiogram is the single best predictor of
acute ischemic heart disease in patients with chest pain.

■ In patients in whom the cause of chest pain is uncertain,
a chest pain evaluation unit may provide a rapid and ef-
ficient approach to diagnosis.

■ Palpitations are very common, and their evaluation is
guided in large part by whether there is evidence of
concomitant symptoms or underlying structural heart
disease.

■ Lightheadedness has many cardiovascular and noncar-
diovascular causes; as with palpitations, further evalua-
tion is guided by the history and physical examination.

■ Abnormal jugular venous pressure may be indicative of
heart failure, pericardial disease, tricuspid regurgitation,
or arrhythmias.
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■ Arterial pulse examination is critical for diagnosing pe-
ripheral vascular disease and aortic dissection. It is also
useful in the assessment of valvular heart disease.

■ Careful cardiac auscultation of heart sounds and heart
murmurs is critical for the cardiovascular assessment;
auscultation serves as the key screen to determine
whether noninvasive diagnostic testing is appropriate.

■ Electrocardiographic changes may point to previously
unsuspected ventricular hypertrophy, myocardial is-
chemia, or electrolyte abnormalities.

■ In hospitalized patients, abnormalities on the chest ra-
diograph (e.g., cardiomegaly, pulmonary vascular con-
gestion) may be the first clues of underlying heart disease.

■ Abnormalities of renal function, hepatic function, or the
hematocrit may be clues to previously unsuspected heart
disease.
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Diagnostic Tests in

Cardiology
Karen P. Alexander Eric D. Peterson

INTRODUCTION

The past two decades have witnessed a phenomenal expan-
sion in diagnostic technologies for patients with cardiovas-
cular disease. New stress imaging protocols have improved
the detection of coronary artery disease (CAD), and the
widespread availability of echocardiography and cardiac
catheterization have enabled the accurate measurement of
ventricular and valvular function. Although these diagnos-
tic innovations have enhanced patient care, their associated
costs have substantially added to health care expenditures.
This chapter outlines the general issues regarding test
selection and interpretation. It also reviews the major car-
diovascular tests for the diagnosis of ischemia (stress elec-
trocardiography, nuclear perfusion imaging, and stress
echocardiography) and the assessment of heart structure
and function (transthoracic and transesophageal echocar-
diography, nuclear ventriculography, cardiac magnetic
resonance imaging [MRI] and cardiac catheterization). The
arrival of several newer diagnostic modalities and electron-
beam computerized tomography (CT) are also discussed.
The basic electrocardiogram (ECG) and tests for syncope
(Chapter 44) and arrhythmias (Chapters 42 and 43) are
covered elsewhere.

TEST SELECTION

In the hospital setting, cardiovascular tests are typically or-
dered for one of four indications. First, they can assist the
clinician in identifying a cardiac cause for presenting symp-
toms such as chest tightness, dyspnea, or syncope. Second,
they may be ordered to evaluate physical examination or
laboratory findings suggestive of cardiac pathology, such as

a new murmur or an enlarged cardiac silhouette on the
chest radiograph. Third, cardiac studies can define changes
in the severity of known cardiac conditions (e.g., progres-
sion of ventricular or valvular dysfunction). Finally, cardio-
vascular tests can identify patients who are at high risk for
subsequent cardiac events (e.g., preoperatively or following
infarction).

To select the most appropriate diagnostic test from the
available technologies, the clinician should begin by re-
viewing what is already known about the patient. The
likelihood of coronary disease, and the prognosis, can be
estimated based on the patient’s presenting symptoms,
clinical risk factors, and ECG. The potential incremental value
of the diagnostic study is determined by this “pretest” clinical as-
sessment in addition to the intrinsic sensitivity and specificity of
the proposed test (see discussion of Bayes’ theorem, Chapter
6). In general, a diagnostic test provides the most new in-
formation in a patient whose pretest likelihood is in the in-
termediate range. For example, a positive stress study result
in a patient with a high pretest probability of disease (such
as a 60-year-old male patient with typical angina) merely
confirms the diagnosis, whereas a negative study result
leaves a posttest likelihood of disease of greater than 20%.

In addition, clinicians should strive to use all the infor-
mation provided by a given test. For example, exercise ECG
testing provides important information concerning hemo-
dynamic responses to exercise and overall cardiovascular
fitness in addition to demonstrating ECG signs of ischemia.

Local clinical expertise can also affect test accuracy.
Therefore, the diagnostic accuracy of technologies at lead-
ing centers described in published reports may differ from
that found in local practice. A final consideration is that
tests should be reserved for situations in which these results
are likely to influence subsequent treatment decisions.

36
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TESTS FOR ISCHEMIA

Stress Induction

Stress testing measures the response of the cardiovascular
system to graded increases in workload and oxygen de-
mand. Whereas treadmill and bicycle protocols result in
similar maximal heart rates, treadmill testing induces a 6%
to 25% higher maximal oxygen uptake and is a more fa-
miliar form of exercise for most patients in the United
States. However, it is estimated that up to 50% of patients
presenting for stress testing are either unable to exercise at
all or exercise submaximally because of musculoskeletal,
neurologic, or other limitations. In these patients, pharma-
cologic stress with inotropes (e.g., dobutamine or arbu-
tamine) or vasodilators (e.g., dipyridamole or adenosine)
are alternative methods for inducing stress.

Detection of Patterns of Ischemia
and Perfusion

Regardless of how the stress is induced, the goal of stress
testing is to diagnose obstructive coronary disease, either
by inducing functional ischemia or by altering myocardial
perfusion patterns. Some patients may experience symp-
toms such as angina or dyspnea. Ischemia alters normal
ventricular repolarization and causes ST-segment depres-
sion during ECG stress testing. The ischemia can also cause
systolic dysfunction that can be detected as wall motion
abnormalities on stress echocardiography. Scintigraphic
defects in perfusion with agents such as thallium or tech-
netium (Tc) 99m sestamibi represent areas of myocardium
that receive relatively less blood flow than neighboring
tissue transiently during stress only (“reversible” deficits) or
both at rest and during stress (“fixed” deficits).

Safety

When performed in a monitored setting, stress ECG test-
ing is remarkably safe, with fewer than 1 death and 5
myocardial infarctions (MIs) occurring per 10,000 tests,
and the complication rate may even be as low as
0.8/10,000 tests (1) in patients without contraindications
(Table 36.1). Dipyridamole and adenosine pharmacologic
stress testing is relatively contraindicated in patients with
reactive airway disease because of the potential for bron-
choconstriction, and adenosine may induce transient
heart block in patients with underlying conduction system
disease. Theophylline-containing drugs and caffeine inter-
fere with the action of dipyridamole and adenosine
and should be discontinued 24 hours before testing with
these agents. Dobutamine is relatively contraindicated in
patients with hypertrophic cardiomyopathy, severe hyper-
tension, aortic aneurysms, or a history of serious ventricu-
lar arrhythmia.

Stress Electrocardiogram

Stress ECG testing is the most widely used and least expen-
sive coronary disease screening modality. It is continued
until the patient becomes fatigued or achieves 85% of the
maximum predicted heart rate (approximately 220 minus
the patient’s age). Tests may be terminated earlier if signs or
symptoms of severe ischemia (angina, ST-segment eleva-
tion, ST-segment depression �0.3 mV, or a fall in blood
pressure of 10 mm Hg), arrhythmias, or heart block de-
velop (2).

Test Information

ST-segment depression is considered “significant” if 1 mV
or more of flat or downsloping depression is measured 60
msec past the J-point in three consecutive complexes (Fig-
ure 36.1A). If ST-segment depression is present on the base-
line ECG, twice the resting ST-segment depression is
usually required for a positive result (e.g., patients having a
baseline depression of 1 mV would require an additional
2mV of ST-segment depression with exercise). In general,
the likelihood of multivessel disease is proportional to the
degree, distribution, and duration of ST-segment depres-
sion. ST-segment depression that is upsloping, however, is
normally seen with rapid heart rates during exercise and
does not constitute a positive test result (Figure 36.1B).
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TABLE 36.1
CONTRAINDICATIONS TO EXERCISE 
STRESS TESTING

Absolute contraindications
Acute MI (within 2 days)
High-risk unstable angina pectoris
Uncompensated heart failure
Uncontrolled cardiac dysrhythmia
Acute endocarditis, pericarditis, or myocarditis
Symptomatic severe aortic stenosis
Acute pulmonary embolus
Acute aortic dissection

Relative contraindications
Left main coronary artery stenosis
Symptomatic heart failure
Severe arterial hypertension
Significant pulmonary hypertension
Hypertrophic cardiomyopathy
Moderate valvular or myocardial heart disease
Fixed-rate artificial pacemaker
Psychiatric disorder causing an inability to cooperate with testing
Advanced atrioventricular block (may use stress imaging)
Drug- or electrolyte-induced ECG abnormalities (may use stress 

imaging)

MI, myocardial infarction; ECG, electrocardiogram.
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Exercise-induced ST-segment elevation in leads with
diagnostic Q waves usually indicates preexisting regional
wall motion abnormalities. However, ST-segment eleva-
tion seen in leads without existing Q waves can represent
coronary artery spasm or even exercise-induced acute my-
ocardial injury.

Exercise-induced premature ventricular contractions
and nonsustained ventricular tachycardia occur in up to
one-third of patients and are more common in those with
CAD. Frequent ventricular ectopy in the recovery phase
of testing correlates with an increased risk of death during
5-year follow-up (3), but other arrhythmias are not specific
markers for coronary disease unless accompanied by other
evidence of ischemia. Finally, exercise-induced supraven-
tricular tachycardias occur rarely and are not generally re-
lated to underlying coronary disease.

Patients who can exercise longer than 9 minutes on a
standard Bruce protocol or achieve 13 times the metabolic
equivalents required at rest (METS) have a very good prog-
nosis regardless of ischemic ECG changes. Chronotropic
incompetence (failure to reach age-appropriate heart rate
response), abnormal heart rate recovery (a decline in the
heart rate of �10 beats per minute in first minute of recov-
ery), and abnormal blood pressure responses (decline in
systolic blood pressure with exercise) are important signs of
severe coronary disease and poor prognosis (Table 36.2).

Scoring systems such as the Duke Treadmill Score and the
VA Treadmill Score have been developed to integrate infor-
mation provided by the exercise test.

Patient Selection and Indications

The clinical uses for stress ECG testing are broad (Table
36.3). It is most commonly used for the diagnosis of chest
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Lead II

B

A

Lead V5

Figure 36.1 Exercise electrocardiographic (ECG) tracings at peak exertion on standard Bruce pro-
tocol. A. Downsloping ST-segment depression of 3 mm at peak exercise in ECG leads II and V5 in a
patient who stopped exercising at 5 minutes (stage 2) because of severe chest pain at a heart rate of
115 beats/min (a “significant” test for ischemia). B. Upsloping ST-segment depression at peak exer-
cise in ECG leads II and V5 in a different patient, who exercised for more than 10 minutes (stage 4)
without chest pain and achieved a heart rate of 165 beats/min. This does not constitute a positive
test result.

TABLE 36.2
STRESS ELECTROCARDIOGRAPHIC INDICATORS
OF SEVERE CORONARY DISEASEa OR POOR
PROGNOSIS

Downsloping ST-segment depression �3 mV
Involvement of five or more leads with ST-segment depression
Early ST-segment depression (�5 METS)
Prolonged ST-segment depression late into recovery
Failure to complete stage II of Bruce protocol
Failure to obtain HR �120/min (off negative chronotropic drugs)
Exertional hypotension

a Severe coronary disease is �75% stenosis of three vessels or �50%
stenosis of the left main coronary artery.
HR, heart rate; METS, metabolic equivalents.
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pain in patients who are able to exercise and who have an
interpretable baseline ECG (Figure 36.2).

Test Interpretation and Accuracy

A meta-analysis of 58 consecutive published studies of stress
ECG reported a sensitivity and specificity of 67% and 72%,
respectively, for the diagnosis of coronary disease, although
these figures varied considerably across studies depending
on the population examined and the study design. For de-
tecting multivessel disease, the sensitivity of stress ECG in-
creases to 81% (1). Estimates of diagnostic accuracy are af-
fected by “workup bias,” which occurs when disease status
is not known on all patients tested. When workup bias is

minimized, the sensitivity of ECG changes declines to
about 45%, but specificity rises to near 90% (4). Diagnos-
tic accuracy of stress ECG is lower in patients who have ab-
normal baseline ECGs (hypertrophy and repolarization
changes) or who are taking medications (digoxin) that al-
ter the ECG or heart rate. Diagnostic accuracy is also lower
in the elderly, who are less likely to reach maximal heart
rate targets, and in women, who are more likely to have
false-positive ST-segment depression.

Treadmill testing provides important prognostic infor-
mation. Patients with a normal ECG tracing at stage 3 of
a Bruce protocol have an excellent short-term prognosis
(1-year mortality �1%). Stress ECG testing following MI
effectively identifies a low-risk population (negative pre-
dictive value of 90%), although its positive predictive value
is more limited (16% to 20%) (5).

Nuclear Perfusion Imaging

Stress myocardial perfusion imaging can be performed
with exercise or pharmacologic stress. A radioactive tracer
agent is injected approximately 60 seconds before maximal
stress or exertion; on completion of the stress, either planar
or tomographic (single-photon emission computed to-
mography, or SPECT) images are obtained. For compari-
son, resting images are obtained either immediately before
or several hours after stress imaging.

Nuclear perfusion imaging commonly uses either thal-
lium (Tl) 201 or 99mTc-sestamibi. Dual-isotope scanning
techniques (e.g., resting 201Tl and stress 99mTc-sestamibi)
can decrease the overall rest-stress imaging time to just 90
minutes.

Test Information

Stress perfusion imaging can demonstrate both “reversible
defects” and “fixed defects,” which have been equated
with territories of ischemia and prior infarction, respec-
tively (Figure 36.3). The size, severity, and distribution of
these defects carry important diagnostic and prognostic
significance, and their location can be correlated with ar-
eas of coronary circulation. Nuclear perfusion imaging
can also be used to determine myocardial viability; for ex-
ample, perfusion deficits that redistribute on delayed re-
peated imaging (6 to 24 hours following stress) or fol-
lowing administration of a second tracer bolus correlate
with areas of “hibernating” myocardium, which is my-
ocardium that does not contract normally because of
chronic ischemia but will recover function if and when
perfusion is restored. Tracer uptake by the lungs indicates
exercise-induced increases in pulmonary pressures sugges-
tive of left ventricular (LV) dysfunction and multivessel
coronary disease. Nuclear studies also can provide infor-
mation on ventricular function with stress (first-pass stud-
ies or radionuclide angiography). Typically, LV function is
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TABLE 36.3
INDICATIONS FOR EXERCISE TESTING

Diagnosis
• Patients with interpretable electrocardiogram and an

intermediate pretest probability of CAD, based on gender, age,
and symptoms

• Before and after revascularization
• Demonstration of ischemia before revascularization
• Evaluation of patients with recurrent symptoms suggesting

ischemia after revascularization

Risk assessment/prognosis
• Patients undergoing initial evaluation with suspected or known

CAD
• Patients with suspected or known CAD with significant change

in clinical status
• Post-myocardial infarction

• Before discharge for prognostic assessment, activity
prescription, or evaluation of medical therapy (submaximal at
about 2 to 7 days)

• Early after discharge for prognostic assessment, activity
prescription, evaluation of medical therapy, and cardiac
rehabilitation if the pre-discharge exercise test was not done
(symptom-limited at about 14 to 21 days)

• Late after discharge for prognostic assessment, activity
prescription, evaluation of medical therapy, and cardiac
rehabilitation if the early exercise test was submaximal
(symptom-limited at about 3 to 6 weeks)

Other
• Selection of appropriate settings in patients with rate-adaptive

pacemakers
• Evaluation of exercise capacity and response to therapy in

patients with heart failure who are being considered for heart
transplantation

• Assistance in differentiating cardiac from pulmonary limitations
as a cause of exercise-induced dyspnea or impaired exercise
capacity when the cause is uncertain.

CAD, coronary artery disease.
Reprinted with permission from Gibbons RJ, Balady GJ, Beasley JW, et
al. ACC/AHA guidelines for exercise testing: a report of the American
College of Cardiology/American Heart Association Task Force on
Practice Guidelines, Committee on Exercise Testing. J Am Coll Cardiol
1997;30:260–315.
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Patient with stable chest pain
or unstable chest pain stabilized by therapy
or previous MI
or post-revascularization

CAD diagnosis certain? Need for risk/
prognostic assessment?

Need to guide
medical management?

Can patient exercise?

Is resting ECG
interpretable?

Contraindications
to stress testing?

Symptoms warranting
angiography?

No

No

No

Yes

Yes

Yes

No

Yes

Exercise test

Pharmacologic imaging study

Exercise imaging study

Consider coronary angiography/revascularization

Consider imaging study/angiography

Consider coronary angiogram Continue/initiate/
modify medical Rx

Continue/initiate/modify
Rx as appropriate

Is test result
high risk?

Is diagnosis and
prognosis certain?

Yes No No

Yes

No

No

Yes

No

Yes

Yes

Yes

a

b

Figure 36.2 Exercise testing for the evaluation of patients with suspected ischemic heart dis-
ease.
aElectrocardiogram is interpretable unless preexcitation, electronically paced rhythm, left bundle branch
block, or resting ST-segment depression �1 mm is present.
bFor example, high-risk if Duke treadmill score predicts average annual cardiovascular mortality �3%.
MI, myocardial infarction; CAD, coronary artery disease; ECG, electrocardiogram.
Reprinted with permission from Gibbons RJ, Balady GJ, Beasley JW, et al. ACC/AHA guidelines for exer-
cise testing: a report of the American College of Cardiology/American Heart Association Task Force on
Practice Guidelines (Committee on Exercise Testing). J Am Coll Cardiol 1997;30:260–315.
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augmented by 5% to 15% with exercise; a blunted in-
crease (�5%) can signal the presence of multivessel dis-
ease and poor prognosis, particulary in men.

Patient Selection and Indications

Given its higher cost, perfusion imaging should be reserved
for the diagnosis of coronary disease in patients for whom
stress ECG is not indicated or when localization of ischemia
is important for management decisions (6) (Figure 36.2).

Test Interpretation and Accuracy

Nuclear perfusion imaging is significantly more accurate for the
diagnosis of coronary disease than is stress ECG. The reported
overall sensitivity and specificity for stress myocardial per-
fusion imaging range from 80% to 90% in most clinical
series and in two meta-analyses (6). SPECT imaging ap-
pears to have slightly superior diagnostic accuracy relative
to planar imaging, although overall diagnostic accuracy
does not seem to vary significantly by type of stress, ra-
dioisotope, or type of analysis (quantitative vs. qualitative).
False-negative nuclear perfusion studies can occur when
collateral circulation masks single-vessel disease or “bal-
anced” hypoperfusion disguises multivessel disease. False-
positive studies, in contrast, occur because of tissue attenu-
ation (diaphragmatic attenuation of the inferior wall,
breast attenuation of the anterior wall) or left bundle
branch block (septal perfusion defects).

Myocardial perfusion imaging can also provide impor-
tant prognostic information. In a recent large series of
patients with suspected or known CAD, the annual rate of
cardiac death or MI was 0.8% for patients with a normal test
result but 3.9% in those with severely abnormal test find-
ings (7). High-risk test results include large areas of
ischemia, multiple territory involvement, LV dilatation, and
increased lung uptake. Following MI, the positive predictive
value of an abnormal study result for death or recurrent MI
was 17%, and the negative predictive value was 95% (5).

Stress Echocardiography

Stress echocardiography is a sensitive way to examine
exercise-induced changes in LV wall function. For exercise
stress, bicycle protocols have the advantage over treadmill
protocols because they allow imaging during exertion.
Dobutamine echocardiography and dipyridamole echo-
cardiography are alternatives for those unable to exercise.

Test Information

The contractile force of each segment of the LV is quantita-
tively assessed at rest and after stress. New or worsening
wall motion abnormalities indicate ischemia (Figure 36.4).
Flow must be decreased by at least 50% in 5% of the my-
ocardium to cause ischemia sufficient to induce wall mo-
tion abnormalities under stress. Conversely, resting wall
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Stress

Rest

Stress

Rest

Stress

Rest

Figure 36.3 Single-photon emission computed tomography (SPECT) nuclear perfusion imaging
with 99mTc-sestamibi. SPECT cardiac images displayed at stress (rows 1, 3, 5) and rest (rows 2, 4, 6) in
the horizontal long axis (HLA) from anterior to inferior (left to right), vertical long axis (VLA) septal to
lateral (left to right), and short axis (SA) from apex to base (left to right). Normal perfusion is seen in
rest images, but decreased perfusion to the anteroseptal and antero-apical walls occurs at peak stress.
Courtesy of Dr. Salvadore Borges-Neto, Department of Radiology, Duke University Medical Center,
Durham, NC.
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motion abnormalities do not always indicate prior infarc-
tion. Improvement of abnormal resting wall motion with
low doses of dobutamine (5 mcg/kg per minute) suggests
hibernating but viable myocardium.

Patient Selection and Indications

For the diagnosis of coronary disease, stress echocardiogra-
phy is particularly advantageous in situations in which ECG
tracings are less accurate (women, patients with LV hyper-
trophy or resting ECG abnormalities) (8). Choice between
stress echocardiography and nuclear imaging modalities
may be determined by patient factors (e.g., tissue attenua-
tion, imaging windows) or by local experience, availability,
and cost. Stress echocardiography may be less helpful in pa-
tients with chronic lung disease, because of poor image qual-
ity, and in those with baseline wall motion abnormalities.

Test Interpretation and Accuracy

Inducible wall motion abnormalities under stress have a
sensitivity of 80% to 90% and a specificity of 85% for
detecting CAD (8). The level of stress at onset and the degree
of induced wall motion abnormality are predictive of the ex-
tent of disease. Failure to achieve maximal stress, delayed
post-stress imaging, or poor image quality may all adversely
affect test accuracy. Although roughly equivalent to exercise
SPECT nuclear perfusion imaging, exercise stress echocar-
diography generally has a lower sensitivity and higher
specificity for detecting CAD. Stress echocardiography is less
sensitive for single-vessel disease but more sensitive for
multivessel disease because “balanced ischemia” may be
unappreciated during nuclear testing.

Dobutamine stress echocardiography has the ability to pre-
dict functional improvement in viable myocardium after
revascularization, with a sensitivity of 80% and specificity

of 90% (8). After MI, stress echocardiography has a positive
predictive value of 48% and a negative predictive value of
86% for subsequent MI and death (5).

ASSESSMENT OF CARDIAC STRUCTURE
AND FUNCTION

The assessment of cardiac structure and function has as-
sumed a central role in the evaluation of cardiac patients.
Echocardiography, radionuclear angiography, and cardiac
catheterization can each provide aspects of this important
diagnostic and prognostic information.

Echocardiography

Test Information

The major advantage of transthoracic echocardiography is
the ease and speed with which a study can be performed. Its
major limitation is obtaining adequate images through the
patient’s chest wall. Transesophageal echocardiography (TEE)
is not limited by imaging through air or rib spaces and is
particularly suited for the assessment of cardiac valves,
atria, and aortic arch because of their posterior location and
proximity to the probe. Major clinical applications of TEE
include evaluation of valves for endocarditis, prosthetic
valve function, intracardiac masses (including thrombi in
the left atrial appendage), and aortic arch pathology (dis-
section, coarctation).

Although TEE is generally quite safe, it carries minor
risks of conscious sedation, hypoxia, aspiration, or damage
to the hypopharynx, esophagus, or laryngeal nerves. Rela-
tive contraindications to TEE include esophageal pathol-
ogy, active upper gastrointestinal bleeding, and severe
cervical arthritis.
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Figure 36.4 Stress echocardiography with stress induced regional wall motion abnormality. A:
Apical four chamber 2-D image of left ventricle at rest. B: Anteroseptal wall becomes dyskinetic with
peak stress. Solid arrowhead shows the anteroseptal wall buldging away from the left ventricular cav-
ity with systole, and the open arrowhead shows the hinge point between normal and abnormal myo-
cardial contraction.

A B
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Patient Selection and Indications

Major indications for the use of echocardiography include
the evaluation of murmurs found during cardiac ausculta-
tion and the evaluation of symptoms such as dyspnea,
fatigue, and edema (8) (Table 36.4). In addition, echocar-
diography can assess ejection fraction and resting wall
motion abnormalities in patients with chest pain or with
known CAD, especially after MI. Echocardiograms are also
indicated to evaluate valvular heart disease, LV hypertro-
phy, suspected aortic dissection, pericardial disease, as well
as cardiac sources of emboli in stroke patients, and for se-
rial assessments of ventricular size and function in patients
with known heart failure or valvular disease, especially in
the setting of worsening symptoms.

Test Interpretation and Accuracy

Systolic function can be qualitatively estimated as an over-
all ejection fraction and by the contractile function of each
regional wall. Wall motion is described as either normal,
hyperkinetic, hypokinetic, akinetic, or dyskinetic (aneurys-
mal). Left atrial (LA) and LV chamber dimensions and ven-
tricular hypertrophy are measured in standard views.

Intraatrial cavitary defects (as in atrial myxoma or atrial
thrombus) may be visualized particularly well with TEE.
Intraventricular masses (tumor or LV thrombus) can also
be diagnosed. Finally, amyloid cardiomyopathy can be
suspected on the basis of thickening and a “ground glass”
appearance of the myocardium.

Valvular Regurgitation

The structure, motion, and morphology of the cardiac
valves can be clearly seen with two-dimensional (2-D)
imaging. Prolapse of mitral leaflets, chordal rupture,
widening of the annular ring with decreased coaptation,
and valvular degeneration give clues to the presence of
regurgitation. Color Doppler is very sensitive in detecting
turbulence and regurgitation of flow through valves
(Figure 36.5). The width of the origin and the volume of
the regurgitant jet on color flow images provide a semi-
quantitative estimate of the severity of mitral and aortic
regurgitation.

Spectral Doppler can be used to measure the velocity of
the regurgitant jet directly. These measurements have
several clinical applications, as the velocity (V) of flow
through the valve is related to the pressure gradient
(DP) across the valve by the modified Bernoulli equation
(DP � 4V2). For example, when tricuspid valve regurgita-
tion is present, this relationship between velocity and pres-
sure gradients is useful in estimating pressures in the right
side of the heart. Specifically, right ventricular (RV) systolic
pressure can be estimated by adding the assumed RA pres-
sure (5 to 10 mm Hg in normal patients) to the tricuspid
regurgitation pressure gradient (DP).

Valvular Stenosis

Stenosis is suggested by diminished valve mobility, thicken-
ing, or calcifications on 2-D echocardiographic images, and
by turbulent flow through the valve on color Doppler images
(Figure 36.6). The diagnosis is confirmed by using spectral
Doppler to detect elevated velocities as blood travels through
the narrowed valve orifice. Velocities can be converted to
peak and mean pressure gradients across the aortic valve by
using the modified Bernoulli equation (DP � 4V2).

The severity of mitral stenosis is typically assessed from
the pressure gradient half-time equation (the time required
for the peak pressure gradient between the LA and LV to
decline to half of its value). Planimetry, which is direct
measurement of the mitral valve orifice on a freeze-frame
image, can also be used to assess mitral valve area.

Pericardial Disease

Two-dimensional images enable the identification and as-
sessment of pericardial effusions. An effusion is seen as an
“echo-free space” surrounding the heart and can be focal or
circumferential. The effusions are visually estimated to be
small (�100 cc), moderate (100 to 500 cc), or large (�500
cc). Findings that suggest compromise to RV filling and
impending tamponade include early diastolic collapse of
the RV, invagination of the right atrial (RA) wall, and res-
piratory variation in Doppler flow across the mitral and
tricuspid valves (Chapter 46).

Septal Defects

Atrial or ventricular septal defects are often associated with
abnormal motion of the septum on 2-D images. Color
Doppler can occasionally detect septal defects if the direc-
tion of flow is parallel to the Doppler signal; otherwise, the
diagnosis must be made by observing the flow of agitated
saline contrast. The appearance of agitated saline contrast
injected through a peripheral intravenous line into the
LV establishes the existence of an abnormal connection
between structures in the right and left sides of the heart,
such as an atrial or ventricular septal defect or a patent fora-
men ovale.

Radionuclide Angiography

Radionuclide angiography techniques provide the most re-
producible and accurate studies for assessing ventricular
function under most conditions. These studies are most
useful for serial evaluation of ejection fraction in patients
with heart failure or those receiving cardiotoxic agents (e.g.,
doxorubicin). Although they provide highly accurate
assessments of ventricular ejection fraction, radionuclide
angiography studies are nearly as expensive as Doppler
echocardiography and do not provide detailed information
regarding cardiac structure or valves.
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TABLE 36.4
MAJOR AHA/ACC CLASS I INDICATIONS FOR ECHOCARDIOGRAPHYa

Evaluation of valvular disease
• Murmur in a patient with cardiorespiratory symptoms
• Changing symptoms in patient with known valvular disease or

with a prosthetic valve
• Asymptomatic patients with severe valvular disease
• Assessment of severity and leaflet morphology in mitral valve

prolapse
• Bacteremia without known source
• Documentation of severity in valvular stenosis or regurgitation

(e.g., left ventricular and right ventricular size, function, and
hemodynamics)

• Timing of surgical valvular repair or selection of alternative
therapies

• Identification of valvular lesions and associated abnormalities
(e.g., abscesses) in infective endocarditis

Diagnosis and prognosis in myocardial ischemic
syndromes
• Identification of cardiac disease in patients with chest pain or

severe hemodynamic instability
• Assessment of baseline LV function and infarct size
• Assessment for possible RV infarction or mechanical

complications in patients with hemodynamic instability

Patients with dyspnea, edema, or cardiomyopathy
• Assessment of LV size and function in patients with

cardiomyopathy or heart failure
• Dyspnea, unexplained hypotension, or edema with clinical signs

of elevated central venous pressure or other signs of heart
disease

• Changing symptoms in patients with cardiomyopathy

Pericardial disease
• Suspected pericardial disease (e.g., effusion, constriction, or

effusive-constrictive process)
• Pericardial friction rub developing in acute myocardial infarction
• Suspected bleeding in the pericardial space (e.g., trauma,

perforation)

Cardiac masses and tumors
• Evaluation of patients with clinical syndromes suggesting an

underlying cardiac mass
• Surveillance studies after removal of masses known to have a

high likelihood of recurrence (e.g., myxoma)
• Surveillance for cardiac involvement and staging in patients with

known primary malignancies

a Transesophageal echocardiography (TEE) is preferred over transthoracic echocardiography (TTE) for the evaluation of the great vessels (e.g.,
possible aortic dissection), intracardiac masses (e.g., tumors, clots, vegetations), and prosthetic valves.
LV, left ventricle; RV, right ventricle.
Reprinted with permission from Cheitlin MD, Alpert JS, Armstrong WF, et al. ACC/AHA guidelines for the clinical application of echocardiography: a
report of the American College of Cardiology/American Heart Association, Task Force on Practice Guidelines. Circulation 2003;42:954–970.

Diseases of the great vessels
• Evaluation for aortic dissection, aneurysm, or rupture
• Degenerative or traumatic aortic disease with clinical

atheroembolism
• Evaluation for aortic root dilatation in patients or their first-

degree relatives with Marfan syndrome or connective tissue
diseases

Pulmonary disease
• Suspected or known pulmonary hypertension (e.g., pulmonary

artery pressures)
• Pulmonary emboli and suspected clots in the right atrium or

ventricle or main pulmonary artery branches
• Lung disease with clinical suspicion of cardiac involvement

(suspected cor pulmonale)

Hypertension
• Detection and assessment of functional significance of

concomitant coronary artery disease and resting LV function,
hypertrophy, or concentric remodeling

• Follow-up assessment of LV size and function in patients with LV
dysfunction when there has been a documented change in
clinical status or to guide medical therapy

Suspected cardioembolic events
• Patients of any age with abrupt occlusion of a major peripheral

or visceral artery
• Younger patients (age �45 y) with cerebrovascular events
• Older patients (age �45 y) with neurologic events but no

evidence of cerebrovascular disease or other obvious cause

Arrhythmias, palpitations, and syncope
• Arrhythmias with clinical suspicion of structural heart disease or

a family history of a genetically transmitted cardiac lesion
associated with arrhythmia

• Before cardioversion in patients in whom extended
anticoagulation before cardioversion is not desirable

• Peri-exertional syncope or any syncope in a patient with
clinically suspected heart disease
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Figure 36.5 Parasternal long-axis echocardiographic images showing mitral regurgitation. The
panel on the left (A) is a two-dimensional image in the parasternal long axis without mitral regurgi-
tation. The panel on the right (B) is the same view showing regurgitant flow by Doppler (see arrow),
which would be depicted in a color Doppler image as a mosaic of colors, through the mitral valve into
the left atrium during peak systole. Color Doppler provides information on the direction of flow by
coding signals as moving toward (red/yellow) or away from (blue) the transducer. Turbulent flow is
depicted as a mosaic of colors.

Figure 36.6 2-D and Doppler images of severe aortic valve stenosis. A. Parasternal short axis view
of a calcified aortic valve (AV). B. Doppler gradient through the aortic valve. Peak velocity of blood
through the valve is 4.8 m/sec, corresponding to a peak transvalvular gradient of 92 mm Hg.

A B

A B
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Cardiac Catheterization

Cardiac catheterization generally describes a number of
percutaneous catheter-based procedures (e.g., coronary
and bypass graft angiography, ventriculography, and aortic
angiography) for imaging the heart and its major vessels. In
addition, catheterization of the left and right sides of the
heart is used to record intracardiac pressures.

Percutaneous peripheral vascular access is obtained in
the femoral (Judkins technique), brachial (Sones tech-
nique), or radial arteries for catheterization of the left
side of the heart, and the femoral or jugular veins for
catheterization of the right side. Patients on full systemic
anticoagulation or intravenous anti-platelet agents can un-
dergo diagnostic catheterization without difficulty, but for
outpatient procedures, low-dose heparin is all that is
required (9).

Coronary Angiography

Coronary angiography is the standard for defining coro-
nary anatomy and assessing coronary artery obstructive
disease. Coronary arteries are assessed for extent of distri-
bution, flow pattern, collaterals, and luminal irregularities.
Stenoses are characterized as concentric or eccentric, dis-
crete or tubular; the presence of luminal filling defects, cal-
cium, or dissections is also noted. Coronary bypass grafts
are injected at their site of origin from the aorta or, in the
case of the internal mammary arteries, at their origin from
the subclavian artery.

Visual interpretation of the degree of stenosis can vary
significantly between interpreters and is subject to several
types of error. Stenoses may be overestimated or underesti-
mated if the lesion is not concentric or if the reference seg-
ment of the vessel is also diseased. In general, qualitative
(visual) estimates of stenoses tend to overestimate severity
in comparison with quantitative measurements (in which
calipers or computer algorithms are used). These limita-
tions of coronary angiography can be improved by the use
of intravascular ultrasound, which can display a 3-D ultra-
sonic view of the plaque mass.

Ventriculography

Ventriculography provides information on regional wall
motion and overall ventricular function (qualitatively, or
quantitatively measured as the ejection fraction or end-
systolic LV volume divided by end-diastolic LV volume).
Pressure tracings are also obtained in the aorta and
LV (which can be used to diagnose aortic stenosis or
subvalvular outflow tract obstruction). The mean LV end-
diastolic pressure is useful for assessing LV function, and
the contour of the waveform is helpful in diagnosing ab-
normal filling and relaxation patterns.

Aortic Angiography

The aortic root is imaged by injecting a volume of contrast
above the level of the aortic valve (aortic arch angiography)
or into the abdominal aorta (usually at the level of the di-
aphragm). Aortic arch angiography opacifies the coronary
arteries sufficiently to locate their origins if these are
anomalous and demonstrates the size and contour of the
ascending aorta. It also can be used to assess the severity of
aortic regurgitation. Abdominal aortic angiography opaci-
fies the descending aorta and its branch vessels in the leg
and is helpful in identifying aortic aneurysms, renal artery
stenosis, or peripheral vascular disease.

Catheterization of the Right Side of the Heart

Catheterization of the right side of the heart provides
hemodynamic measurements and waveform recordings
from the RA, RV, pulmonary artery, and pulmonary capil-
lary wedge position, in addition to measuring cardiac
output. Although it is not a routine part of cardiac
catheterization for patients with CAD, it is often per-
formed in those with associated LV dysfunction, car-
diomyopathy, shunts, or valvular disease. Characteristic
waveforms are present in valvular regurgitation (large c-v
waves on RA pressure tracing for tricuspid regurgitation,
or on pulmonary wedge tracing for mitral regurgitation),
and abnormal filling patterns can provide clues to con-
strictive or restrictive physiology. In mitral valvular steno-
sis, the gradient between the pulmonary capillary wedge
pressure and LV end-diastolic pressure can be used to cal-
culate peak and mean gradients.

Cardiac output is usually determined by the Fick
method, which calculates oxygen consumption. Combin-
ing cardiac output with pressure gradients across vascular
beds can determine the pulmonary and systemic resistance.
If intracardiac shunts are suspected, blood gases are drawn
from various sites in the right side of the heart to look for
an unexpected step-up in oxygenation. For example, if oxy-
genation increases by more than 5% between the RA and
pulmonary artery, a left-to-right intracardiac shunt between
these sites probably exists.

Patient Selection and Indications

The most frequent indication for cardiac catheterization is
the evaluation of patients with suspected obstructive coro-
nary artery disease (9). For patients with an acute coronary
syndrome, early cardiac catheterization followed by any in-
dicated revascularization procedure is of proven benefit
(10). Catheterization is indicated for stable angina when it
is unresponsive to medical therapy or associated with evi-
dence of LV dysfunction, or with high-risk features on stress
testing. Patients with high-risk occupations (e.g., airline pi-
lot) may proceed directly to catheterization for definitive
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evaluation of any symptoms consistent with potential my-
ocardial ischemia.

When performed safely, cardiac catheterization has a
very low rate of complications, but it can result in serious
vascular injury, MI, bleeding, neurologic events (transient
ischemic attack, stroke), contrast reaction, and mortality
(9) (Table 36.5). Other complications include vasovagal
events, worsening renal insufficiency, and hematomas at
the puncture site. Overall, the risk to life should be less
than 0.2%, and the risk for other serious adverse events
should be less than 0.5%. Relative contraindications
include recent stroke (within 1 month), progressive renal
insufficiency, fever or active infection, severe anemia,
thrombocytopenia, electrolyte imbalance, uncontrolled hy-
pertension, or allergy to angiographic contrast media. Pa-
tients at highest risk for mortality include the very old and
those with New York Heart Association class III or IV symp-
toms, severe LV or valvular dysfunction, acute or unstable
ischemic syndromes, and high-risk noninvasive test results.
Patients at highest risk for vascular complications include
women, those who are very old or obese, and those with a
history of peripheral vascular disease. Hydration and ad-
ministration of N-acetylcysteine (Mucomyst) prior to car-
diac catheterization may reduce the nephrotoxicity associ-
ated with the contrast agents.

The indications for and risks of pulmonary artery (right
side of the heart) catheterization in severely ill patients are
described in Chapter 25.

NEW AND EMERGING DIAGNOSTIC
TESTS

Cardiac Magnetic Resonance Imaging (MRI)

MRI is a rapidly evolving technology that produces high-
resolution images of cardiac structure and function without
interference from surrounding bone or air, biological

hazards, or the need for nephrotoxic contrast agents.
MRI is useful when evaluating patients for pericardial ab-
normalities (e.g., constrictive pericarditis or pericardial
hematoma) or certain myocardial diseases (e.g., cardiac amy-
loid or RV dysplasia). Intracardiac masses (e.g., myxoma or
thrombus) can also be imaged in detail. MRI can be com-
bined with pharmacologic stress testing to determine both
viability and perfusion of ischemia myocardium. Proximal
coronary arteries can often be visualized, but MRI is not
currently a substitute for coronary arteriography (11).

Electron-beam Computed Tomography
(EBCT)

EBCT uses a single focused electron beam and one stationary
detector to measure the calcium content of coronary arteries
rapidly. The magnitude of coronary artery calcification
(coronary calcium score) predicts the presence of coronary
stenoses and the future occurrence of cardiac events with a
sensitivity above 90%, but a specificity of only 20% to 50%.
Despite this good sensitivity, some plaques lack calcium yet
can become unstable and produce symptoms and cardiac
events. EBCT may add incremental information for high-risk
primary patients who have no symptoms or have atypical
chest pain, but a randomized trial showed no benefit from
EBCT in terms of the effectiveness of subsequent interven-
tions to improve cardiac risk factors (12). As a result, its rou-
tine use as a screening test cannot be recommended.

COST AND RESOURCE USE

Clearly, it is important for physicians to have information
about the economic aspects of cardiovascular diagnostic
testing (Table 36.6). The full economic implications of a di-
agnostic test also go well beyond its initial cost and include
indirect costs associated with each testing strategy. For ex-
ample, if a screening study provides a false-positive result,
it may prompt further evaluation and increased resource
use. Alternatively, a false-negative test result may lead to the
high costs (both financial and clinical) associated with a
delayed or missed diagnosis. In addition to cost, the effi-
ciency of a testing strategy must be considered. For exam-
ple, to assess ventricular function and diagnose coronary
disease, the physician may order an echocardiogram and
stress myocardial perfusion imaging, a rest and exercise
echocardiogram or radionuclide ventriculogram, or a car-
diac catheterization.

KEY POINTS

■ Clinicians should consider a patient’s diagnostic and
prognostic estimates based on clinical factors before or-
dering additional diagnostic studies. Diagnostic testing
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TABLE 36.5
RISK OF COMPLICATIONS DURING
DIAGNOSTIC CATHETERIZATION a

Mortality 0.11%
Myocardial infarction 0.05%
Cerebrovascular accident 0.07%
Arrhythmia 0.38%
Vascular complications 0.43%
Contrast reaction 0.37%
Hemodynamic complications 0.26%
Perforation of heart chamber 0.03%
Other complications 0.28%
Total complications 1.7%

a Scanlon PJ, Faxon DP, Audet A, et al. ACC/AHA
Guidelines for coronary angiography: executive
summary and recommendations. Circulation
1999;99:2345–2357.
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usually provides the most new information in patients
with intermediate pretest estimates.

■ Most tests provide multiple forms of information, and
all information should be considered.

■ Stress electrocardiographic testing is an inexpensive
strategy for the diagnosis of coronary disease in symp-
tomatic ambulatory patients with interpretable baseline
electrocardiograms.

■ Exercise stress enables a correlation between symptoms
and physical workload and provides information on ex-
ercise capacity in addition to ischemia. Pharmacologic
stress is an alternative for those unable to exercise.

■ Nuclear perfusion imaging and stress echocardiography
similarly improve the sensitivity and specificity of stress
electrocardiographic testing in the diagnosis of coronary
disease.

■ Compared with stress echocardiography, nuclear perfu-
sion imaging has slightly superior sensitivity for detect-
ing single-vessel disease but slightly lower specificity and
higher costs.

■ Decisions regarding which stress test to order should be
individualized according to the patient’s clinical charac-
teristics and local availability, expertise, and cost.

■ Echocardiography has become the standard means for
noninvasive assessment of cardiac structure and function.

■ For patients with a high clinical likelihood of coronary
disease before testing, cardiac catheterization may be the
best initial diagnostic test.

■ EBCT provides information about coronary calcification
(calcium score) and is being evaluated to assess its
proper role as an adjunct to risk factor assessment in pri-
mary prevention strategies. It is not recommended as a
routine screening test or as a diagnostic test in patients
with known coronary disease.

■ Cardiac MRI provides detailed structural images of the
heart and pericardium, but accurate noninvasive coro-
nary artery imaging is not yet a reality.
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TABLE 36.6
MEDICARE CHARGES FOR VARIOUS TESTING MODALITIES (2003, IN 
U.S. DOLLARS)

Medicare allowable charges ($)

Tests for ischemia Facility Professional Total

Exercise electrocardiogram 56 50 106
Exercise perfusion imaginga 463 122 585
Exercise ventriculography 289 72 361
Exercise echocardiography 118 123 241

Tests for left ventricular function
Radionuclide ventriculography 183 44 227
Echocardiography (2-D/Doppler) 302 65 367
Left-sided heart catheterization 1,869 337 2,206
Cardiac MRI 393 86 479

a Excluding cost of isotope. All charges are for participating Medicare providers. Electron beam computed
tomography (cost, about $600) is not approved for Medicare reimbursement.
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Angina and Unstable

Angina
Daniel B. Mark

INTRODUCTION

Although clinicians commonly refer interchangeably to
angina pectoris, myocardial ischemia, and coronary artery
disease, these three terms are not equivalent. Angina pec-
toris, first described in detail by William Heberden in
1772, is a syndrome of characteristic symptoms centering
on reproducible exercise or stress-induced precordial
chest discomfort that is promptly relieved by rest or nitro-
glycerin. There is no gold standard for this clinical diag-
nosis. Unstable angina is a progression of the symptom
pattern, often with prolonged episodes of angina at rest.
Unstable angina portends an increased risk for adverse
cardiac events.

Myocardial ischemia is a pathophysiologic disorder
caused by reduced perfusion of myocytes. Myocardial is-
chemia results from an imbalance between myocardial
oxygen supply (perfusion) and demand (cellular con-
sumption). Disordered myocyte metabolism results in
impaired contraction of the affected heart muscle. Severe,
prolonged ischemia may produce irreversible cellular dam-
age and myocardial infarction (MI). Although many clini-
cal tests are thought to assess myocardial ischemia, no
diagnostic gold standard exists. Of the diagnostic technolo-
gies currently available, positron emission tomography
(PET) comes the closest to allowing repeated assessment of
the metabolic state of the myocardium.

Coronary artery disease (CAD) typically refers to an
anatomic disorder of the epicardial segments of the coro-
nary arteries. It is most commonly caused by focal accumu-
lations of atherosclerotic material in the intima of these
arteries. Pathologic examination is the best way to diagnose
CAD. The coronary angiogram serves as a more convenient,
if imperfect, surrogate standard.

Although these distinctions may appear semantic, con-
fusing these concepts leads to errors in diagnosis and man-
agement. The presence of classic anginal symptoms is not
pathognomonic for either myocardial ischemia or CAD,
and the diagnosis of angina pectoris is not disproved by
the absence of CAD on diagnostic testing. Furthermore,
myocardial ischemia frequently occurs silently, without
angina, and the pathway from myocardial ischemia to angi-
nal symptoms is much more complex than has been previ-
ously appreciated. It is possible for anginal symptoms to be
produced experimentally without myocardial ischemia, and
vice versa. Finally, many people have coronary atheroscle-
rotic disease but have neither angina nor myocardial is-
chemia. Unfortunately, such preclinical atherosclerotic
disease is not always benign; it may progress without warn-
ing to either acute MI or sudden cardiac death. Thus, when
evaluating these patients, the clinician must be aware of
the imperfect relationships among symptoms (angina),
the metabolic state of the myocardium (ischemia), and
anatomic CAD.

This chapter briefly reviews the relevant epidemiology
and pathophysiology of angina and unstable angina and
then focuses on the identification and hospital manage-
ment of symptomatic angina patients. In the current era of
cost containment and managed care, it is uncommon for a
patient with stable angina to require admission for evalua-
tion or therapy. Clinicians admit patients with anginal
symptoms to the hospital because they deem it either un-
safe or of uncertain safety to continue outpatient evalua-
tion and management. Most of these inpatients will have
either unstable angina pectoris or acute MI. The patient’s
presenting symptoms need to be integrated with early test
data to formulate an initial assessment of prognosis and an
initial management strategy (see Issues at the Time of
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Admission). As the patient progresses through the hospital
course, the clinician must reevaluate the diagnosis and
management strategy and make appropriate modifications
(see Issues During the Course of Hospitalization). Finally,
the clinician must decide when it is safe to discharge the pa-
tient from the hospital (see Issues at the Time of Hospital
Discharge).

EPIDEMIOLOGY

CAD is the leading cause of death in the United States
(about 500,000 deaths each year). The prevalence of
angina pectoris approximates 7 million cases, with an an-
nual incidence of 350,000. Unstable angina is the principal
diagnosis in about 700,000 hospitalizations annually. Al-
most 60% of unstable angina patients are over age 65 and
nearly half are women. Another 1.5 million Americans
have an acute MI each year. Thus, the acute coronary syn-
dromes (acute MI, unstable angina) collectively comprise
the most frequent cause of hospitalization for adults in the
United States. Hospitalization for unstable angina has in-
creased during the last decade, whereas hospitalization for
MI has declined. Whether these trends are a consequence of
risk factor reduction, improvements in pharmacotherapy,
or changes in discharge coding practices remains unsettled.
However, the routine measurement of troponin during the
last 4 years has resulted in many patients who would have
been diagnosed with unstable angina now being classified
as non-ST elevation myocardial infarction, so these trends
will likely reverse after 2000 (1).

PATHOPHYSIOLOGY

Determinants of Myocardial Ischemia

In normal subjects, it is nearly impossible to create is-
chemia by voluntarily increasing myocardial demand (Fig-
ure 37.1). Thus, for ischemia to develop, there must be an
abnormal reduction in coronary blood flow, an abnormal
increase in myocardial oxygen demand, or both.

The heart differs from most other organs in that maxi-
mal oxygen extraction already occurs in the resting state.
When myocardial oxygen demand increases, the heart
muscle is obligated to increase coronary blood flow. Coro-
nary blood flow occurs predominantly during diastole and
has three principal determinants: aortic diastolic perfusion
pressure, coronary vascular resistance, and the length of the
diastolic phase of the cardiac cycle. Factors that reduce
coronary blood flow include lower aortic diastolic pressure,
obstructive coronary lesions, and tachycardia. In some pa-
tients in whom severe obstructive CAD develops, coronary
collaterals may mitigate the effects of reduced antegrade
coronary flow.

Myocardial oxygen demand is primarily determined by
how much work the heart is doing. Higher heart rates (as
occur with exercise or tachyarrhythmias) and increased
contractility (from increased circulating catecholamines)
will increase myocardial oxygen demand. Factors that in-
crease left ventricular (LV) wall tension, including higher
systolic blood pressure, ventricular chamber enlargement,
and LV hypertrophy, also increase oxygen demand.

Atherosclerotic Plaque Events

Atherosclerosis is a progressive disorder that often begins in
childhood, with significant lesions evident at autopsy by
the third decade of life. This pathophysiologic process is
characterized by the formation of atherosclerotic plaques
comprised of smooth-muscle cells, inflammatory cells, cel-
lular debris, lipid, and other material within the intima of
medium-size and large arteries. Complex recurrent cycles of
endothelial injury, inflammation, and healing produce
these lesions. Endothelial injury, believed to be the initiat-
ing event, has been linked to hypercholesterolemia, hyper-
tension, cigarette smoking, diabetes, viruses, chlamydia
infection, and homocysteine.

Atherosclerotic plaques vary in their composition, con-
sistency, and vulnerability to rupture. Mature plaques con-
tain a soft, lipid-rich, atheromatous gruel center supported
by outer, collagen-rich, sclerotic components. Plaques may
contain varying amounts of hard and soft components. A
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Figure 37.1 Major determinants of myocardial oxygen supply and demand.
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plaque that is made up of only collagenous tissue is some-
times referred to as a “nonvulnerable” plaque, because it
is not believed to pose a risk for rupture. In contrast, a
“vulnerable” plaque has a core of soft, extracellular, highly
thrombogenic, lipid-rich gruel (usually �40% of the
plaque volume) and a fibrous cap that varies in composi-
tion, strength, and thickness. Most plaque ruptures start at
the plaque shoulder, where the cap is often thinnest and
most heavily infiltrated with inflammatory cells. It is un-
clear whether plaque rupture is caused by an inflammatory
process at the shoulder of the plaque cap or by external trig-
gers that physically disrupt the cap at its weakest point. The
circadian patterns of major cardiac events suggest that sym-
pathetic nervous system activity (which would increase
blood pressure, heart rate, myocardial contractility, and
coronary flow rates) can provide sufficient stress to disrupt
a vulnerable plaque. Some plaque events appear to be
caused by erosion of the plaque surface with subsequent
thrombus formation. The relative importance of plaque
erosion versus plaque rupture in unstable angina has been
difficult to define because few unstable angina patients
undergo autopsy examination. Plaque “events” (rupture or
erosion) underlie most episodes of acute coronary disease, which
range from a worsening of effort angina at the lower-risk
end of the spectrum to acute MI and sudden cardiac death
at the other.

Importantly, many of the plaques that are most predis-
posed to rupture appear angiographically as “insignificant”
stenoses (i.e., stenoses that narrow the diameter of the
arterial lumen by 50% or less). Lesions causing severe,
subtotal stenosis of the arterial lumen tend more often to
be bulky fibrous plaques and have a much lower propen-
sity to rupture. Revascularization therapies directed at
obstructive coronary disease can relieve symptoms and (in-
directly) reduce the risk of death from a major plaque
event, but they do not reduce the risk of a clinical plaque
event. To achieve this latter goal, additional therapies must
be directed at the pathophysiologic process of atheroma
formation, the development of vulnerable plaques, and the
thrombotic response to plaque rupture.

ISSUES AT THE TIME OF ADMISSION

The two major components involved in the initial assess-
ment of the patient with suspected angina are assessment
of the diagnosis and assessment of the short-term progno-
sis. Patients who require hospital admission either have a
history of known CAD with recurrent or worsening symp-
toms or present with symptoms that are at least suggestive
of possible CAD. In both of these scenarios (i.e., new pre-
sentation and patient with preestablished CAD), the clini-
cian must assess the likelihood that the patient’s symptoms
represent ischemic atherosclerotic disease (see Initial Assess-
ment of Diagnosis). Concurrently, the clinician must decide
whether the patient needs immediate therapy or can be

treated once the results of initial testing have been obtained
(see Initial Assessment of Prognosis).

Initial Assessment of Diagnosis

Diagnostic Features of the History

When the patient gives a history that conforms closely to
the template of characteristics initially described by
Heberden and other early cardiologists, the terms “typical”
angina or “definite” angina are often used. “Atypical” angina
describes symptoms that are not classic in one or more
key features. “Probable” angina and “possible” angina are al-
ternative terms that define greater shades of uncertainty.
“Non-anginal” symptoms clearly favor another diagnosis
(e.g., gall bladder disease or peptic ulcer disease) or are
completely inconsistent with typical angina. These terms
summarize the likelihood that a patient’s symptoms are
being caused by underlying obstructive CAD. Seven
features of the history should be considered in this assess-
ment: quality, location, duration, and severity of the
discomfort; precipitants; factors providing relief; and as-
sociated symptoms.

Quality of Discomfort
Because the myocardium and the other thoraco-abdominal
viscera are not well equipped with sensory nerves, ischemia
in these organs produces sensations that are difficult for pa-
tients to describe. Some angina patients deny that they have
“chest pain” because they do not consider the symptoms
painful. Consequently, the patient should be asked about
any discomfort and allowed to supply the descriptive terms
that are most appropriate. Frequently, the patient with typ-
ical angina will use words such as tightness, pressure, squeez-
ing, aching, fullness, constriction, or heaviness; terms such as
burning, indigestion, cramping, and gas are also commonly
used by patients with angina, but these sensations often oc-
cur in patients without angina and hence are less typically
associated with the diagnosis. Descriptions that point to a
diagnosis of non-anginal pain include knifelike, sharp,
stabbing, and throbbing, or any discomfort that is clearly
altered by a change in posture or respiratory movements.

Location
Myocardial ischemic discomfort can be perceived anywhere
between the jaw and the diaphragm. The most typical loca-
tion is substernal (retrosternal). Because of the visceral ori-
gin of these symptoms, patients may not only have trouble
describing but also localizing them. Occasionally, a patient
with typical angina will spontaneously clench a fist over the
sternum while describing symptoms (Levine’s sign). In con-
trast, the patient who can point with one finger to the
location of the discomfort does not have typical angina.
Similarly, isolated right-sided chest discomfort is almost
never anginal (unless the patient has dextrocardia), and
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discomfort limited to the region below or lateral to the left
breast is also unlikely to represent myocardial ischemia.
Typical angina commonly radiates down one or both arms
(the left more frequently than the right), to the neck, or to
the left shoulder; some typical angina patients may have
symptoms confined to these locations. However, symptoms
of exertional tightness or less commonly an ache in more
unusual locations—the lower jaw, teeth, or ear region—are
also consistent with a diagnosis of angina. In the unstable
angina patient who presents only with symptoms in these
unusual locations at rest, the clinician must maintain a high
index of suspicion to arrive at the correct diagnosis. Radia-
tion of the discomfort to the lower abdomen or lower ex-
tremities, in contrast, is inconsistent with a diagnosis of typ-
ical or definite angina.

Duration
Typical stable anginal episodes usually last for �5 minutes
unless the precipitating factors have not been removed. The
discomfort characteristically resolves completely between
episodes. A duration of discomfort of �20 minutes, partic-
ularly if the discomfort is severe, should prompt consider-
ation of acute CAD (which is discussed further below).
Symptoms that last only for seconds (sometimes described
as “lightning-like”) are very unlikely to be caused by my-
ocardial ischemia and are inconsistent with a diagnosis of
typical angina. Symptoms that last for �20 minutes but do
not present the features of acute coronary disease are not
characteristic of typical angina.

Severity
Anginal symptoms occur on a continuum ranging from
mild effort-related angina at one end to acute MI with se-
vere, unrelenting discomfort at the other. The most widely
used classification of anginal symptom severity is the Cana-
dian Cardiovascular Society Classification (Table 37.1). Al-
though such information is useful in making treatment de-
cisions, symptom severity does not help in making an
assessment of the likelihood of underlying CAD.

Precipitants
Typical angina is characteristically precipitated by factors
that increase the cardiac workload, such as exercise or psy-
chological stress. However, not all patients with angina
caused by myocardial ischemia can provide information
about precipitants, especially if their symptoms are recent
in origin or present with an unstable pattern.

Reproducibility of symptoms is a cardinal feature of typ-
ical angina. The patient who relates that certain exertional
or stress-related activities predictably elicit the discomfort
and that this discomfort is relieved promptly by rest or sub-
lingual nitroglycerin has described the core features of typ-
ical angina. If the quality and location of the discomfort are
consistent with typical angina but the episodes occur spo-
radically without any obvious precipitants, the diagnosis of
atypical angina is more appropriate. The major exception is
unstable angina, which may have all the features of typical
angina except that symptoms occur at rest. Under these cir-
cumstances, a diagnosis of typical or definite angina would
still be appropriate.

Factors Providing Relief
Stable exertional angina is characteristically relieved by rest
in 3–5 minutes and by sublingual nitroglycerin within 1–3
minutes. If �10 minutes is consistently required to obtain
relief with nitroglycerin, acute coronary disease may be
present; or, if this pattern is chronic and stable, a diagnosis
of atypical angina may be more appropriate. Patients
often say that relief of symptoms is obtained by belching
or taking antacids or other over-the-counter medications.
Although these features may sway the clinician away
from a diagnosis of typical angina, it should be remem-
bered that even patients with acute MI may occasionally
make such associations. Thus, in patients with suspected
acute coronary disease, these historical elements alone
should not be used as reasons for rejecting a diagnosis
of typical angina if other features are consistent with the
diagnosis.
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TABLE 37.1
CANADIAN CARDIOVASCULAR SOCIETY CLASSIFICATION OF ANGINAL
SYMPTOM SEVERITY

Class Description

I No symptoms with ordinary activity (e.g., walking, climbing stairs). Symptoms may occur
with strenuous, rapid, or prolonged exertion.

II Slight limitation of ordinary activity. Discomfort induced by walking or climbing stairs 
rapidly, walking uphill, walking more than 2 blocks on level ground, or climbing more than 
1 flight of stairs at a normal pace.

III Marked limitation of ordinary activity. Symptoms may occur after walking 1 or 2 blocks on
level ground or climbing 1 flight of stairs at a normal pace.

IV Severe limitation. Inability to carry on any level of exertion without inducing discomfort.
Discomfort may also be present at rest.

From Campeau L. Grading of angina pectoris. Circulation 1976;54:522–523, with permission.
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Associated Symptoms
During an anginal episode, a variety of associated symp-
toms may occur, including dyspnea, nausea, sweating,
weakness, and palpitations. These symptoms by them-
selves are of little use in deciding whether a patient’s symp-
toms represent typical angina. Dyspnea resulting from
myocardial ischemia is common with anginal discomfort
and may also occur in isolation as an “anginal equivalent”.
In the latter situation, it should have the other features of
typical angina (e.g., reproducibly provoked by exertion or
stress and relieved by rest or nitroglycerin).

Diagnostic Features of the Physical Examination

The physical examination contributes relatively little to the
diagnosis of typical angina with underlying coronary dis-
ease. The physician should be very wary of rejecting the
diagnosis of angina just because the patient agrees that a
particular type of palpation of the chest wall or a certain
movement causes chest pain. For this sign to be reliable,
the pain must be completely reproduced by palpation.

Occasionally, the clinician has the opportunity to exam-
ine the patient during an episode of angina. Although the
results of such an examination may be unremarkable, if the
patient is noted to have a transient systolic murmur of mi-
tral regurgitation, an S3, or a paradoxically split S2, and if
these findings resolve after the anginal episode has been re-
lieved, the diagnosis of typical angina with underlying

ischemia is greatly strengthened. The presence of vascular
bruits or pulse deficits suggesting extracardiac vascular dis-
ease (carotid, peripheral, aortic, renal) is associated with a
higher likelihood of significant CAD. Physical examination
can also provide useful information on alternative diag-
noses, such as hypertrophic cardiomyopathy or aortic valve
disease.

Diagnostic Features of Initial Laboratory Tests

At the initial evaluation of the patient with suspected
angina caused by CAD, a resting 12-lead electrocardiogram
(ECG) (Table 37.2) and a chest radiograph should be ob-
tained. The chest radiograph is not useful for the diagnosis
of CAD but may be helpful in the differential diagnosis and
assessment of prognosis. Laboratory markers of myocardial
necrosis are indicated for patients with a presumptive diag-
nosis of unstable angina to exclude acute MI (see Initial
Assessment of Prognosis).

Assessment of the Likelihood of Coronary
Artery Disease

The likelihood (i.e., probability) that a patient has signif-
icant CAD (defined as stenosis �75% of the vessel diam-
eter on a coronary angiogram) can be estimated with
moderate accuracy from five features of the initial clinical
examination and ECG (in order of importance): the
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TABLE 37.2
ELECTROCARDIOGRAPHIC FINDINGS USEFUL FOR ESTABLISHING THE LIKELIHOOD OF CORONARY
ARTERY DISEASE

Finding Most likely cause Alternate causes

ST-segment elevation �1 mm in 2 or more contiguous leads Acute MI Acute pericarditis
Early repolarization
Left ventricular aneurysm
Coronary spasm

ST-segment depression �0.5 mm Ischemia or acute MI Normal heart
Hyperventilation
LV hypertrophy with strain
Digitalis
Hypokalemia
Hypomagnesemia

Inverted T waves in 2 or more contiguous leads (�2 mm in Ischemia or acute MI Normal heart
leads with dominant R waves, or marked symmetric Central nervous system disease
precordial T-wave inversion) Hypertrophic cardiomyopathy

Pathologic Q waves in 2 or more contiguous leads Recent or old MI Myocarditis
Hypertrophic cardiomyopathy
Chronic obstructive lung disease
Pulmonary embolism
Left ventricular hypertrophy
Idiopathic cardiomyopathy

LV, left ventricular; MI, myocardial infarction.
From Braunwald E, Mark DB, Jones RH, et al. Unstable angina: diagnosis and management. Agency for Health Care Policy and Research. Publication
94-0602, Rockville, MD.
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physician’s assessment of the patient’s symptoms (as typ-
ical angina, atypical angina, or non-anginal pain); evi-
dence of a prior MI (by history and pathologic Q waves
on the ECG); gender; age; and number of major risk fac-
tors (diabetes, hypercholesterolemia, smoking, hyperten-
sion). A summary estimate of the patient’s likelihood of
significant CAD can be generated either informally by the
clinician or by using one of several quantitative tools de-
veloped to assist in that process (Table 37.3).

If the patient has known CAD (e.g., a history of prior
revascularization or CAD established by coronary angiog-
raphy), then the diagnostic question of interest is whether
the patient’s symptoms are caused by CAD. This judgment
is best based on the elements of the angina history de-
scribed earlier.

Definition of Unstable Angina

Unstable angina is conceptually defined as the clinical syn-
drome that falls between stable angina (lower risk) and
acute MI (higher risk). Operationally, it is often not possi-
ble (nor is it necessary) to separate patients with unstable
angina from those with non-ST-elevation acute MI during
the initial assessment process. What is important is to rec-
ognize that the patient has an acute coronary syndrome (ACS)
and to decide quickly about the proper pace of evaluation
and treatment.

The 1994 Agency for Health Care Policy and Research
(AHCPR) guideline for unstable angina proposed three

principal presentations of unstable angina (2). Prolonged
(�20 minutes) episodes of rest angina are what most clin-
icians think of as unstable angina. However, the unstable
angina guideline proposed two other circumstances in
which a patient’s short-term risk of cardiac events may be in-
creased. All patients with new-onset angina are considered
by some to be “unstable” because they have changed from a
state of no symptoms to at least one symptom. However,
this increased risk does not relate to the onset of symptoms
per se but rather to the tempo, severity, and frequency of
symptoms. Thus, new-onset or preexisting effort angina that
progresses to the point where the patient cannot perform
less-than-ordinary activity (Class III, Table 37.1) without
provoking angina would be considered unstable angina.

The 2000 American College of Cardiology (ACC)/
American Heart Association (AHA) Guideline used the
term unstable angina/non-ST elevation myocardial infarction
(NSTEMI) to emphasize the continuum between these
manifestations of acute coronary disease (3). The term
acute coronary syndrome (ACS) serves a similar purpose.
The distinction of greatest initial therapeutic importance
is between the patient with acute ST-elevation MI, who is
eligible for reperfusion therapy, and other types of ACS.

Initial Assessment of Prognosis

Predicting the presence of a vulnerable but unruptured
atherosclerotic plaque is not yet possible with available
technology. Thus, assessment of prognosis focuses on
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TABLE 37.3
LIKELIHOOD OF SIGNIFICANT CORONARY ARTERY DISEASE IN PATIENTS WITH SYMPTOMS
SUGGESTING UNSTABLE ANGINA

High likelihood (e.g., 0.85–0.99) Intermediate likelihood (e.g., 0.15–0.84) Low likelihood (e.g., 0.01–0.14)

Any of the following features: No high-likelihood features and any of the No high- or intermediate-likelihood 
History of prior MI, sudden death, or following: features but may have the following:

other known history of CAD Definite angina: men �60 or women �70 Chest pain classified as probably not 
Definite angina: men �60 or women years old angina

�70 years old Probable angina: men �60 or women �70 One risk factor other than diabetesa

Transient hemodynamic or ECG years old T-wave flattening or inversion �2 mm
changes during pain Chest pain probably not angina in patients in leads with dominant R waves

Variant angina (pain with reversible with diabetes Normal ECG
ST-segment elevation) Chest pain probably not angina and 2 or 3

ST-segment elevation or depression risk factors other than diabetesa

�1 mm Extracardiac vascular disease
Marked symmetrical T-wave inversion ST depression 0.05–1 mm

in multiple precordial leads T wave inversion �2 mm in leads with
dominant R waves

a Coronary artery disease risk factors include diabetes, smoking, hypertension, and elevated cholesterol. CAD, coronary artery disease; ECG,
electrocardiogram; MI, myocardial infarction.
NOTE: Likelihood of significant coronary artery disease is a complex, multivariable problem that cannot be fully specified in a table such as this.
Therefore, the table is meant to illustrate major relationships rather than offer rigid algorithms.
Adapted with permission from Braunwald E, Mark DB, Jones RH, et al. Unstable angina: diagnosis and management. Rockville, Maryland: U.S.
Department of Health and Human Services; 1994.
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two main concepts: identifying the CAD patient with a
plaque event early enough in the course to prevent pro-
gression to a catastrophic complication, and identifying
those CAD patients who lack sufficient cardiac reserve to
survive should a major plaque event occur.

Clinical and Electrocardiographic Factors
Related to Short-term Prognosis

The tempo of a patient’s anginal syndrome is assessed from
the cardiac history, the 12-lead ECG, and examination of
the patient during a symptomatic episode (when possible).
Important adverse prognostic elements of the history in-
clude: a higher current frequency of episodes, an increase in
the frequency of episodes during the last 4–6 weeks (and
particularly during the last week), an increase in the dura-
tion or severity of symptoms (with emphasis on any symp-
tom episodes lasting �20 minutes), progression from
effort- or stress-related symptoms to symptoms at rest, new
onset of symptoms that awaken the patient from sleep, and
a significant decrease in the amount of effort needed to pro-
voke symptoms. By using these features, the clinician can
separate patients into high-, moderate- and low-risk sub-
groups (Table 37.4).

Factors Related to Both Short-term and 
Long-term Prognosis

The four factors most strongly predictive of survival should
an acute plaque event occur are LV function, extent of ob-

structive CAD, age, and comorbid conditions. LV function is
the single most important predictor; the worse the LV function,
the more likely that a major plaque event will be fatal. A
fatal outcome is also more likely when all three coronary
arteries have significant stenosis in comparison with lesser
degrees of CAD. Among comorbidities, diabetes and
chronic renal insufficiency are particularly important for
identifying high-risk patients (4, 5).

Integrated Clinical Risk Stratification

Two generations of risk stratification models have been de-
veloped for use in ACS patients. Earlier models, such as that
by Goldman and colleagues in the Multicenter Chest Pain
Study, were designed to improve decision making and triage
in the emergency department (Figure 37.2). These models
use history and ECG data but not cardiac biomarker data.
More recent models focus on management decisions for pa-
tients admitted with ACS. These are typified by the TIMI
(Thrombolysis in Myocardial Infarction ) risk score for un-
stable angina/non-ST elevation MI (6) (Table 37.5).

Laboratory Markers of Myocardial Necrosis

Traditional risk stratification for acute coronary syndrome
patients has rested on the clinician’s initial history
and physical examination and on the interpretation of the
12-lead ECG. During the last several years, new approaches
have been developed based on markers of myocardial
necrosis (Table 37.6).
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TABLE 37.4
SHORT-TERM RISK OF DEATH OR NONFATAL MYOCARDIAL INFARCTION IN PATIENTS WITH
SYMPTOMS SUGGESTING UNSTABLE ANGINA

High risk Intermediate risk Low risk

At least one of the following features No high-risk feature, but must have any No high- or intermediate-risk feature, but may
must be present: of the following: have any of the following features:

Prolonged ongoing (�20 min) rest Prolonged (�20 min) rest angina, now Increased anginal frequency, severity, or 
pain resolved, with moderate or high duration

Pulmonary edema, most likely related likelihood of CAD Angina provoked at a lower threshold
to ischemia Nocturnal angina New onset angina with onset 2 weeks to 2 

Angina at rest with dynamic ST-segment Angina with dynamic T-wave changes months before presentation
changes �0.5 mm (�0.2 mV) Normal or unchanged ECG

Angina with new or worsening mitral New onset CCSC III or IV angina in the
regurgitation murmur, S3, new or past 2 weeks with moderate or high
worsening rales, or hypotension likelihood of CAD

Age �75 years Pathological Q waves, or resting ST-
Troponin T or I level �0.1 ng/mL segment depression �0.5 mm

Age �65 years

CCSC, Canadian Cardiovascular Society classification (see Table 37.1); other abbreviations as in Table 37.3.
NOTE: Estimation of the short-term risks of death and nonfatal MI in unstable angina is a complex multivariable problem that cannot be fully
specified in a table such as this. Therefore, the table is meant to offer general guidance and illustration rather than rigid algorithms.
Adapted with permission from Braunwald E, Mark DB, Jones RH, et al. Unstable angina: diagnosis and management. Rockville, Maryland: U.S.
Department of Health and Human Services; 1994.
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Troponins have replaced creatine kinase (CK)-MB as
the gold standard for detection of myocardial necrosis
(7). The troponins are structural proteins that comprise
part of the myocardial contractile apparatus. Troponin T
(cTnT) exists in the myocyte, with about 95% bound to
other structural proteins and 5% free in the cytosol. After
damage to myocytes, elevated cTnT is detectable in the
serum as early as 4–6 hours, and elevated levels remain
detectable for 10–14 days. About 98% of troponin I (cTnI)

is bound to other myocyte proteins, and 2% is free in the
cytosol. After myocardial damage, cTnI rises slightly later
than cTnT, at about 6 hours, and remains elevated for
7–10 days. Both cTnT and cTnI are cleared more slowly
in the presence of renal insufficiency. Thus, interpretation
of elevated levels in this setting remains more difficult.
Because cardiac troponins are immunologically distinct
from troponins in non-cardiac muscle, they are extremely
specific for the diagnosis of myocardial necrosis. Be-
cause of their prolonged period of elevation, they have
also supplanted the use of lactate dehydrogenase (LDH)
and LDH isoenzymes in the diagnosis of MI in patients
who present late (i.e., �24–36 hours) after the onset of
symptoms.

Studies of serial troponin testing have suggested that
optimal risk stratification is obtained by measuring a tro-
ponin level at presentation and at 8 hours after presenta-
tion. Patients with negative troponin levels at 0 and 8 hours
have a low mortality rate, and no further prognostic infor-
mation is learned by obtaining a level at 16 hours. How-
ever, a negative finding before 8 hours does not provide the
same level of reassurance and should not be used for pur-
poses of triage.
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Suspected MI on ECG

No Yes

Suspected
ischemia
on ECG

Yes

No risk
factors

1 risk
factor

2 or more
risk factors

No

Very
low risk

Low risk

High riskNone or 1
risk factor

Moderate
risk

2 or more
risk factors

Figure 37.2 Stratification of patients with acute chest pain into 4 risk groups based on the initial
electrocardiogram and the presence of clinical risk factors. Criteria for suspected myocardial infarc-
tion on the electrocardiogram were ST-segment elevation �1 mm or pathologic Q waves in 2 or more
leads, with these findings not known to be old. Criteria for suspected ischemia were ST-segment de-
pression �1 mm or T-wave inversion in 2 or more leads, with these findings not known to be old. Risk
factors included systolic blood pressure �110 mm Hg, rales above the lung bases bilaterally, and
worsening symptoms of known ischemic heart disease. The recommended triage is generally admis-
sion to an intensive care unit for high- and moderate-risk patients. If appropriate, low- and very low-
risk patients should generally be admitted to an intermediate care unit and a chest pain evaluation
unit (if available), respectively. (Redrawn from Goldman L, Cook EF, Johnson PA, et al. Prediction of
the need for intensive care in patients who come to emergency departments with acute chest pain.
N Engl J Med 1996;334:1498–1504, with permission.)

TABLE 37.5
TIMI RISK SCORE FOR UNSTABLE ANGINA

1 point each for:

• Age �65
• �3 risk factors for CAD
• Known CAD �50% stenosis 0–2 � low risk
• ST deviation on presenting ECG 3–4 � intermediate risk
• �2 anginal events in past 24 hours 5–7 � high risk
• Use of aspirin in prior 7 days
• Elevated cardiac biomarkers

⎫
⎪
⎪
⎬
⎪
⎪
⎭
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With the advent of these more heart-specific and sensi-
tive troponin assays, some patients in whom unstable
angina would have been diagnosed have been redefined as
having small, non-ST-elevation MIs. Whether these pa-
tients should be labeled as “MIs” remains controversial and
is actually less important than recognizing their positive
troponin result as a marker of elevated risk. For example, in
a meta-analysis of 16 studies involving around 4,500 non-
ST elevation ACS patients, a positive troponin indicated a
5-fold increased risk (8). Mortality also increased linearly
with increasing troponin levels. Troponin T and I had sim-
ilar prognostic importance.

CK-MB, the myocardium-specific isoenzyme of creatine
kinase, indicates myocardial necrosis but is not as specific
as troponin (about 5% of skeletal muscle CK is of the CK-
MB form). Non-heart-related elevations of CK-MB may be
seen after surgery on or trauma to the small intestine,
uterus, prostate, tongue, or diaphragm. Levels of CK-MB
may also be elevated in chronic renal failure; in this situa-
tion, the absence of a characteristic rise and fall during sev-
eral days should confirm the noncardiac etiology.

Initial Management

General Measures

When the patient is first seen, the clinician must decide if
immediate stabilization measures need to be instituted
during the initial diagnostic assessment. One of the most
important initial questions the clinician must address is
whether the patient is having an ST-elevation acute MI and
has indications for emergency reperfusion therapy.

Patients with stable angina can usually be managed on
an outpatient basis unless they have evidence of substan-
tially increased risk, such as a high-risk result on a nonin-
vasive stress test. Thus, most angina patients admitted to
the hospital will have ACS.

As soon as the clinician has established a working diag-
nosis of unstable angina/acute coronary syndrome, therapy
should be directed toward two goals: stabilizing the patient
to prevent further disease progression and relieving symp-
toms (Table 37.7). Therapy should not be delayed until a
decision has been made to admit the patient from the of-
fice or emergency department to the inpatient unit but
rather should be guided by the prognostic risk assessment.
For low-risk patients, further evaluation and therapy may
be conducted on an outpatient basis. Generally, patients
with intermediate- and high-risk features will require hos-
pital admission. For some intermediate-risk patients, fur-
ther evaluation and therapy can be performed in a chest
pain unit or a short-stay unit, whereas others may be ad-
mitted to a step-down unit or an ICU. High-risk patients
will typically start out in an ICU.

For all hospitalized ACS patients, initial therapy in-
cludes such general measures as bed rest until stabilization
occurs, continuous ECG monitoring, and supplemental
oxygen for those with respiratory distress or documented
hypoxemia. As part of the early evaluation process,
secondary causes for the development of a progressive or
unstable course should be sought. These include
tachyarrhythmias and bradyarrhythmias, high fever, hy-
potension or severe hypertension, and severe anemia. The
initial evaluation may also suggest other responsible or
contributory cardiac disorders (e.g., aortic valve disease, hy-
pertrophic cardiomyopathy), hyperthyroidism, medical
noncompliance (e.g., failure to refill prescriptions), or a re-
cent increase in physical activity or emotional stress.

Antithrombin and Antiplatelet Therapy

In addition to these general measures, clinicians should
generally use antithrombin and antiplatelet therapy in in-
termediate- and high-risk patients. All patients should
promptly receive aspirin (an initial dose of 160, followed
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TABLE 37.6
LABORATORY MARKERS OF MYOCARDIAL NECROSIS

Myoglobin Total CK CK-MB (mass assay) cTnT cTnI

Cardiac-specific No No Very Extremely Extremely
Affected by renal function Yes No Yes Yes Yes
Initial detection 1–3 h 4–8 h 3–4 h 4–6 h 4–6 h
Duration of elevation 18–24 h 12–24 h 24–36 h 10–14 d 7–10 d
Rapid laboratory assay Yes Yes Yes Yes Yes
Bedside assay Yes Yes Yes Yes Yes

CK-MB, myocardial-specific isoenzyme of creatine kinase; cTnT, troponin T; cTnI, troponin I.
Reprinted with permission from Newby LK, Ohman EM, Christenson RH. The role of troponin and other markers for myocardial necrosis in risk
stratification. In: Topol EJ, ed. Acute Coronary Syndromes. New York: Marcel Dekker, 1998:405–435.
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by 80 to 160 mg per day) unless it is contraindicated. For
patients who are truly aspirin-allergic, clopidogrel (loading
dose of 300 mg, followed by 75 mg/d) is a reasonable al-
ternative. Based on the CURE trial, the ACC/AHA Guide-
lines recommend clopidogrel be administered in addition
to aspirin in all non-ST elevation ACS patients who will not
be referred for early intervention (i.e., first 24–36 hours)
(9). In patients who are referred for early catheterization,
clopidogrel should be held until the need for urgent coro-
nary bypass surgery is assessed.

Intravenous heparin or subcutaneous enoxaparin (a
low-molecular-weight heparin) should be started in most
intermediate- and all high-risk patients who lack con-
traindications. Two randomized trials (ESSENCE and TIMI
11B) have demonstrated that enoxaparin reduced death or
MI by 23% relative to unfractionated heparin in this popu-
lation and has an equivalent risk of bleeding (10). In addi-
tion, it is more convenient to administer and does not re-
quire laboratory monitoring to assess the level of
anticoagulation, as is necessary with unfractionated hep-
arin (see Chapter 98).

Two intravenous glycoprotein IIb/IIIa (GP 2b/3a) recep-
tor antagonists, eptifibatide and tirofiban, have been ap-
proved for use in acute coronary syndrome patients in the
United States, and abciximab is approved for use in percu-

taneous coronary interventions (PCI). A GP IIb/IIIa antag-
onist should be administered in all ACS patients for whom
catheterization and PCI are planned (11). Eptifibatide or
tirofiban should also be given in high-risk patients (e.g.,
continuing ischemia, elevated troponin) who are not
planned for PCI.

Symptomatic Therapy

Control of anginal symptoms is based on the use of ni-
trates, �-blockers, and opiates (Table 37.7). For patients
with ongoing or recent prolonged or severe symptoms, par-
enteral therapy should be initiated. For others, nonpar-
enteral (oral, topical) therapy may be sufficient. The use of
calcium channel blockers in acute coronary syndromes
remains controversial, but there is general agreement that
these drugs should be reserved for symptom relief in
patients in whom �-blocker therapy has failed or is
contraindicated.

Response to Therapy

The vast majority of acute coronary syndrome patients re-
spond within 30 minutes to the medical management de-
scribed above with a clear improvement in symptoms and
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TABLE 37.7
ACUTE MANAGEMENT OF ACS IN RELATION TO RISK FOR MYOCARDIAL INFARCTION OR DEATH

High risk Intermediate risk Low risk

General
Treatment setting ED → CCU ED → CCU, step-down, or ward ED → home
ECG monitoring �48 h 24 to 48 h ED only
IV Yes Yes No
Analgesic IV opiate Usually none unless recurrent None

chest discomfort

Anti-ischemic therapy
Nitrates Sublingual stat, IV infusion Sublingual stat, or PRN oral or Sublingual PRN, oral or topical

topical
�-blocker IV or oral Oral Oral
�-blocker failure or Diltiazem or verapamil Diltiazem or verapamil Diltiazem or verapamil

contraindicated substituted substituted substituted

Antiplatelet therapy
Daily ASA Yes Yes Yes
ASA intolerance or allergy Clopidogrel Clopidogrel Clopidogrel
Platelet GP IIb/IIIa receptor Bolus → IV �48 h Patients with planned cath/PCI No

inhibitors

Anticoagulant therapy
Heparin or enoxaparin Routine Routine No
Angiography and For most patients Early invasive or early conservative Reserve for failure of optimal

revascularization strategies medical therapy

ACS, acute coronary syndrome; ASA, aspirin; ED, emergency department; GP, glycoprotein;  PCI, percutaneous coronary intervention
Adapted with permission from Cairns J, Theroux P, Armstrong P, et al. Unstable angina—report from a Canadian expert roundtable. Can J Cardiol
1996;12:1279–1292.
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other evidence of stabilization. Failure of patients to re-
spond within this time frame should prompt the clinician
to (re)consider other causes of severe chest discomfort
(e.g., acute MI, aortic dissection, pulmonary embolus, or
pneumothorax). If acute coronary disease still appears to
be the correct diagnosis, consideration should be given to
early referral for diagnostic cardiac catheterization and
revascularization, placement of an intra-aortic balloon
pump, or both. While arrangements are being made for
these therapies, aggressive pharmacologic therapy should
be continued in a carefully monitored setting.

Risk Stratification in a Chest Pain Unit

Approximately one-fourth of U.S. hospitals now have a
chest pain unit in the emergency department. Patients ad-
mitted to a chest pain unit are typically those for whom the
diagnosis of acute coronary syndrome or the risk level is un-
certain after evaluation of initial clinical and ECG data (12).

Testing in the chest pain unit typically includes serial
cardiac biomarkers: every 3 to 4 hours for CK-MB or at 0 and
8 hours for cTnT. Patients with positive biomarkers by 8–9
hours are admitted for further evaluation. In some centers,
patients with nondiagnostic ECGs may also undergo acute
imaging with echocardiography or a nuclear perfusion
agent to detect evidence of severe ischemia or infarction. Pa-
tients with negative biomarkers may then undergo an exer-
cise or pharmacologic stress test in the chest pain unit before
the final triage decision is made. Numerous test combina-
tions are possible to provide adequate risk stratification for
clinical management and triage purposes (Chapter 36). In
the experience of several large centers, only about 15% of
chest pain unit patients will require hospital admission.

ISSUES DURING THE COURSE OF
HOSPITALIZATION

The hospital course of patients with acute coronary disease
can be conceptually divided into three major phases: com-
pletion of stabilization, risk stratification, and selection of
definitive therapy.

Completion of Stabilization

It is desirable for patients initially requiring ICU or step-
down care to experience a 24-hour period of freedom from
recurrent ischemic episodes, hemodynamic abnormalities,
decompensated heart failure, or other complications before
being transferred to a less intensive environment. Patients
who have been symptom-free for �24 hours before admis-
sion and do not have evidence of heart failure or other com-
plications may proceed directly to the risk-stratification
phase.

Aspirin should be continued at a daily dose of 80–160
mg. In general, patients who are at sufficiently high risk to

require therapy with either unfractionated or low-molecular-
weight heparin should continue this therapy for 2–5 days
or until a revascularization procedure is performed. In large
clinical trials of acute coronary syndrome patients, U.S.
physicians typically use antithrombin therapy for 2.5–3
days, whereas physicians in Canada and Western Europe
tend to use such therapy for 4–5 days or more. These trials
do not show any difference in event rates associated with
the duration of therapy. Because the shorter duration of
U.S. therapy is coupled with a substantially higher rate of
revascularization procedures, it is unclear whether the U.S.
pattern of care also defines the minimum duration of an-
tithrombin therapy needed when a less invasive manage-
ment style is practiced.

The duration of glycoprotein IIb/IIIa inhibitor therapy
in clinical trials has generally been for 72 hours or until the
time of revascularization. For patients undergoing percuta-
neous revascularization, eptifibatide and tirofiban are usu-
ally continued for another 24 hours after the procedure.

Risk Stratification

Management of the patient with ACS requires ongoing risk
stratification with appropriate modification of therapy. Ini-
tial risk stratification is based on the admission evaluation
and the clinical course during the early hospital stay. Once
the patient’s condition has stabilized, the clinician needs to
assess the longer-term prognosis, especially for the next
3–6 months, and decide what additional tests and modifi-
cations of therapy are required to protect the patient from
(further) cardiac complications, to reassure the patient, and
to return the patient to as full and unimpaired a lifestyle as
possible. Three main options are available: (1) proceed
directly to diagnostic cardiac catheterization; (2) perform
a noninvasive exercise or pharmacologic stress test; or
(3) neither. For almost all patients hospitalized with ACS,
some form of risk stratification testing should be per-
formed once they have been stable without angina or heart
failure for 48 hours. Patients with extensive comorbidity
who would not be candidates for revascularization are a
potential exception.

Two approaches to the use of cardiac catheterization in
this setting have been studied: early invasive and early con-
servative (11). In the early invasive strategy, diagnostic
catheterization is performed routinely in all hospitalized
unstable angina patients who do not have contraindica-
tions, usually within 48 hours of admission. In the early con-
servative strategy, diagnostic catheterization is performed
routinely in patients with one or more of the following
high-risk indicators: persistent or recurrent angina/ischemia
despite intensive medical therapy, elevated troponin, prior
revascularization (coronary artery bypass graft, percuta-
neous coronary intervention), associated heart failure or
depressed LV function (ejection fraction �0.40) by nonin-
vasive study, malignant ventricular arrhythmias, and a high-
risk noninvasive stress test result.
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If the early conservative strategy is chosen, choice of the
stress testing modality for the non-high-risk patients
should be based on a consideration of 3 factors: the pa-
tient’s resting 12-lead ECG, the ability of the patient to walk
on a treadmill or pedal a bicycle, and the local expertise
and testing modes available. Although imaging stress tests
have better sensitivity and specificity for the diagnosis of
significant CAD than does an exercise ECG test, there is no
convincing evidence that their improved accuracy trans-
lates into improved patient management among patients
with a normal baseline ECG who are not taking digoxin.
Hence, the exercise treadmill test is the standard choice for
these patients. Patients with significant resting ST-segment
depression (�1 mm), ST changes associated with digoxin,
left bundle branch block, intraventricular conduction de-
lay, or LV hypertrophy should have an exercise imaging test
(e.g., a sestamibi or thallium perfusion scan or an echocar-
diogram). Patients unable to exercise should have a phar-
macologic stress imaging study. At centers where multiple
testing options are available, choice of testing mode should
be based primarily on local expertise (see also Chapter 36).

The results of stress testing can be partitioned into low-
risk, intermediate-risk, and high-risk categories. Patients
with low-risk test results generally have an annual cardiac
mortality rate below 1% and can be safely managed medi-
cally. High-risk test results typically predict an annual car-
diac mortality rate of 4% or more and should usually
prompt referral for cardiac catheterization. Patients with in-
termediate-risk test results typically require either an addi-
tional stress test or cardiac catheterization to clarify their
prognosis. Alternatively, a rest echocardiogram may be per-
formed. If depressed resting LV function is found in a pa-
tient with an intermediate-risk stress test result, referral to
catheterization should strongly be considered. If the resting
LV function is normal, medical therapy or a second stress
test are reasonable options.

Selection of Definitive Therapy

The available evidence supports three general conclusions:
First, a patient who cannot be adequately stabilized with
appropriate medical therapy or who has clear indication of
high risk based on clinical or stress test criteria, as discussed
in the previous section, should usually be referred
promptly for coronary angiography. Second, with current
medical therapy, there does not appear to be any excess risk
if angiography is deferred for the remaining patients. For
example, in patients in the conservative arm in TACTICS-
TIMI 18 who did not undergo angiography (49%), the
death and nonfatal MI rate at 30 days was 2.4% (13). Pa-
tients over age 65, however, may benefit from a routine ag-
gressive strategy (14). Third, controlling the atherosclerotic
disease process provides the key to reducing the risk for a
future cardiac event. Hence, all patients should have a careful
evaluation of their modifiable cardiac risk factors, particularly
lipids, smoking, blood pressure, and diabetes. Patients

with a low-density lipoprotein (LDL) cholesterol level
above 100 mg/dL should begin statin therapy, with an
LDKL goal of about 60 mg/dL (15). Blood pressure and
blood glucose control should be reviewed in patients in
whom these parameters are elevated. Smoking cessation re-
sources in the local environment should be identified and
offered to patients who smoke.

ISSUES AT THE TIME OF HOSPITAL
DISCHARGE

The achievements of the hospitalization should be com-
pared at least daily with the management goals established
by the clinician in conjunction with the patient. These
goals typically include stabilization of the clinical course,
effective relief of symptoms, completion of the most im-
portant diagnostic tests, and design of a longer-term man-
agement strategy. The need for continued hospitalization is
then based on whether these goals have been achieved. In
the modern era, with its tremendous financial pressures on
hospitals and providers, the clinician must decide which
goals need to be achieved in the hospital and which can be
shifted to the post-discharge outpatient phase. In general,
effective stabilization of the clinical course, relief of symp-
toms, and risk stratification should be achieved in the
hospital. Lower-risk patients who have responded well to
therapy can then be targeted for accelerated discharge.

Patients who have undergone successful revasculariza-
tion will usually have their post-procedure length of stay
defined by the evolving standard practice for the given pro-
cedure. Patients who are treated medically include both a
low-risk group that can be discharged virtually immedi-
ately after their primary risk stratification test (e.g., stress
test or cardiac catheterization) and a higher-risk group.
These latter patients, who are typically either unwilling to
have or unsuitable for revascularization, may require addi-
tional time to stabilize their disease.

Unless the diagnosis of CAD has been effectively ex-
cluded during the hospitalization, all patients should be
discharged on aspirin therapy at a daily dose of 80–160 mg.
Recent data have suggested an increased risk of bleeding
with chronic aspirin doses above 160 mg (16). There are
also data indicating less complete platelet inhibition with
lower doses of aspirin, so the optimal dose for the ACS
patient remains controversial. Patients with a true aspirin
allergy should be given 75 mg/day of clopidogrel as an al-
ternative antiplatelet agent. Continued anti-anginal ther-
apy is required after discharge except in patients who have
undergone successful revascularization earlier in the hospi-
talization. �-blockers are the cornerstone of anti-anginal
therapy and should be strongly considered for secondary
prevention in all CAD patients without contraindications.
Long-acting nitrates often provide incremental anti-anginal
benefit. Calcium channel blockers should be reserved for
patients who require triple anti-anginal drug therapy or
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who truly cannot tolerate (or have contraindications to) �-
blockers; current recommendations are to avoid short-act-
ing dihydropyridine calcium channel blockers (e.g.,
nifedipine) in patients with CAD. Patients who are not
revascularized and who required medical therapy to
achieve stabilization should be continued on the regimen
found to be effective (e.g., nitrates, �-blockers). In general,
long-acting agents are preferred to maximize compliance.
However, efforts should also be made to determine
whether there are financial barriers for the patient to con-
tinue the prescribed regimen. It is better to have the patient
take a few effective, affordable medications than to not take
an elegant but expensive multidrug regimen. In addition to
the longer-acting agents, all patients likely to experience re-
current angina should be given sublingual nitroglycerin
and instructed in its use.

A well-defined risk factor modification plan should be
in place at the time of hospital discharge. Because of the
current brevity of many hospital stays, some of the objec-
tives of the plan will necessarily have to be achieved on an
outpatient basis. Specific issues to consider include the fol-
lowing:

■ No patient who smokes at the time of admission should
be allowed to leave the hospital without being strongly
advised to quit smoking permanently. If the patient lives
in a household where others smoke (e.g., spouse, chil-
dren), these household members should also be strongly
advised to quit.

■ Pharmacologic assistance and smoking cessation coun-
seling programs should be strongly considered.

■ Blood pressure and blood glucose control are critical.
■ A lipid panel (total, LDL, and HDL cholesterol; triglyc-

erides) should ideally be checked within 24 hours of
hospital admission and appropriate therapy started or
adjusted. Otherwise, lipids should be checked 8 weeks
after admission by the patient’s outpatient physician.

An elevated level of plasma homocysteine has recently been
added to the list of potentially modifiable risk factors for
CAD (17). One recent clinical trial demonstrated that di-
etary folate supplementation significantly decreases plasma
homocysteine levels, and epidemiologic studies have asso-
ciated supplemental intake of folate and vitamin B12 with
reduced risk for coronary heart disease. Increasing numbers
of clinicians are advising their CAD patients to take sup-
plemental B vitamins on empiric grounds. Clinical trials of
vitamin E have not shown overall benefit.

Whenever possible, the initial follow-up visit should be
set at the time of discharge. Low-risk patients and those
with successful uncomplicated revascularization should
generally be seen for an outpatient visit 2–6 weeks after dis-
charge. Higher-risk patients should usually be seen sooner
(e.g., 1–2 weeks).

In the pre-discharge encounter, the patient should be
given instructions about appropriate activities (e.g., re-
sumption of sexual activity, driving), returning to work,

daily exercise, and diet. There is very little evidence to guide
such recommendations, so they tend to be based on clini-
cal judgment and experience. Referral to an outpatient car-
diac rehabilitation program can help the patient achieve
the dietary, behavioral, and exercise goals necessary to max-
imize recovery potential.

COST CONSIDERATIONS AND
RESOURCE USE

In the admission phase, use of a chest pain unit with ap-
propriate evaluation and triage protocols can reduce the
cost and improve the efficiency of evaluation for patients
about whom the clinician remains uncertain after initial
evaluation (12). Appropriate risk stratification can also im-
prove care efficiency and reduce costs by ensuring that only
the highest-risk patients are admitted to the the ICU, most
expensive hospital unit.

As soon as the patient has been been stabilized for 24
hours, the clinician can begin planning the approach to risk
stratification, either early aggressive or early conservative.
Although the early aggressive strategy is initially more ex-
pensive, in TACTICS-TIMI 18 the early conservative strategy
lost some of its initial cost advantage because of an in-
creased rate of follow-up rehospitalizations.

KEY POINTS

■ Initial diagnostic and prognostic assessment in the emer-
gency department or clinic is based on the history, phys-
ical examination findings, and 12-lead ECG data and
determines the need for immediate therapy and the next
set of diagnostic tests.

■ A troponin level measurement at 0 and 8 hours provides
powerful additional prognostic information.

■ All ACS patients should receive daily aspirin therapy
unless contraindicated. Addition of clopidogrel to as-
pirin for the first 9 months is supported by the CURE
trial.

■ Intermediate- and high-risk patients should also have
parenteral antithrombin (heparin or enoxaparin) and
parenteral antiplatelet (eptifibatide or tirofiban) therapy
for 2–5 days.

■ Patients who fail to stabilize or who have high-risk
features should be considered for early coronary angio-
graphy.

■ Non-high-risk patients with a 24-hour symptom- and
complication-free period can be managed with either
routine coronary angiography or noninvasive stress test-
ing (angiography reserved for those with high-risk test
results).

■ All patients should have careful assessment of lipid lev-
els, smoking status, blood pressure, and diabetes status.
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Acute Myocardial 

Infarction
Daniel I. Simon James C. Fang Naomi Kenmotsu Rounds

INTRODUCTION

The contemporary management of acute myocardial infarc-
tion (MI) exemplifies the notion that evidence-based medi-
cal therapies save lives. Guided by prospective, randomized
clinical trials in well over 250,000 patients worldwide and
further refined by meta-analyses, current MI therapy has con-
tributed significantly to the marked reduction of average in-
hospital MI mortality. Rates dropped from approximately
30% in the 1960s to less than 10% in the present era of
reperfusion (i.e., fibrinolysis and primary percutaneous
coronary intervention [PCI]). An expedient approach to the
assessment and treatment of patients with acute MI focuses
on diagnosis, risk stratification, and evidence-based phar-
macologic and mechanical interventions aimed at maximiz-
ing survival in the context of streamlined critical pathways.

MI commonly occurs secondary to atherosclerotic
plaque rupture and thrombosis that results in acute coro-
nary artery occlusion. Less commonly (�10% of cases),
MI results from coronary artery embolism, spasm, sponta-
neous dissection, vasculitis, or a variety of congenital
abnormalities (e.g., anomalous coronary artery origin, my-
ocardial bridge). Clinical, pathologic, and experimental
data have reshaped the current pathophysiologic under-
standing of acute ischemic syndromes. Angiography per-
formed in the acute MI setting has demonstrated that mild
or moderate (�50% of vessel diameter) rather than severe
stenosis is responsible for plaque rupture in most infarct-
related arteries. In vulnerable plaques populated by a vari-
ety of inflammatory cells, including macrophages and T
lymphocytes, a thin, fibrous cap separates the thrombo-
genic lipid core from the lumen. Inflammation secondary to
metabolic, environmental, physical, and possibly infectious
injury is an important mechanism of vulnerable plaque de-
velopment. Clinical cardiologists and vascular biologists

now focus on the fine structure of the plaque and the in-
tegrity of extracellular matrix proteins in the vessel wall,
such as collagen and elastin, as determinants of the clinical
manifestations and complications of atherosclerosis.

ISSUES AT THE TIME OF ADMISSION

Clinical Presentation

The alerting symptom of MI is chest pain, which is typically
described as severe and prolonged pressure, crushing, burn-
ing, or constricting discomfort. However, many patients
use different descriptors, such as aching, burning, fullness,
or even indigestion or gas. Ischemic chest pain is classically
located in the retrosternal, left thoracic, or epigastric re-
gions and may radiate to the neck and shoulders, jaw, back,
or arms. Accompanying symptoms may include nausea,
vomiting, diaphoresis, dyspnea, and lightheadedness. Not
all patients present with typical symptoms of MI. Up to
25% of nonfatal MIs occur silently or with vague, atypical
symptoms. Atypical presentations, which occur more com-
monly in women, the elderly, and in patients with diabetes
mellitus, are characterized by severe weakness, heart fail-
ure, neurologic manifestations resulting from cerebral hy-
poperfusion (syncope and mental status changes), and
evidence of peripheral embolization.

DIFFERENTIAL DIAGNOSIS AND
INITIAL EVALUATION

The differential diagnosis for patients who present with chest
pain (Chapter 35) includes pericarditis, aortic dissection,
pleuritis, pulmonary embolism, gastrointestinal disease, and

38
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musculoskeletal pain. Pericarditis (Chapter 46) is character-
ized by retrosternal pain with positional change (improve-
ment with sitting up and leaning forward). Its pain may be
described in the same way as that of classic myocardial is-
chemia or may be pleuritic in nature. The pain of aortic
dissection (Chapter 49) is described as sudden, severe, or
“ripping” retrosternal discomfort that radiates to the back or
legs, worst at its onset, and often associated with pulse
deficits. Pleuritis, frequently associated with pneumonia, con-
sists of a sharp, knifelike pain that is exacerbated with inspi-
ration. Pulmonary embolism (Chapter 53) presents with pleu-
ritic pain accompanied by dyspnea and occasionally
hemoptysis. The pain of costochondritis is localized and often
aggravated by palpation of costochondral joints. Gastroin-
testinal causes of chest discomfort include reflux esophagitis,
esophageal spasm, peptic ulcer disease, and cholecystitis.

MI is a medical emergency. The rapid diagnosis of MI is
prerequisite for early, life-saving treatment. The diagnosis
of MI is based on the presence of at least two of three crite-
ria: a clinical history of ischemic chest discomfort (Chapter
35), changes in serial electrocardiograms (ECGs), and a
pattern of rise and fall in serum cardiac markers (Table
37.6). Within 10 minutes of a patient’s arrival at the emer-
gency department, a 12-lead ECG should be obtained. 
ST-segment elevation of 1 mm or more in at least two con-
tiguous leads or a new left bundle branch block is highly
suggestive of ST-elevation MI (STEMI). These patients
should be screened immediately for reperfusion therapy
with fibrinolysis or primary PCI (see later in this chapter).

Patients with ST-segment depressions or new T-wave
inversions may be experiencing a non-ST-segment eleva-
tion MI (NSTEMI) or unstable angina and should also
be treated as if they are having an MI. Differentiating
patients presenting with ST-segment elevation from those
without ST-segment elevation is useful clinically, for both
prognostic and treatment purposes. In general, STEMIs are
larger (as assessed by peak biomarker levels) and are
associated with higher rates of in-hospital mortality. In
contrast, NSTEMIs are smaller and associated with lower

in-hospital mortality, but they are notable for at least
equivalent rates of recurrent ischemia and MI in the
subsequent year. Importantly, from a management stand-
point, certain interventions that have resulted in significant
mortality reductions in STEMI, such as fibrinolysis, are not
beneficial in patients who present with only ST-segment
depression or T-wave inversion (i.e., NSTEMI).

Indications for Hospitalization

All patients with MI or suspected MI should be admitted to
the hospital. The clinical presentation and outcomes of pa-
tients with MI are heterogeneous. Therefore, rapid risk strat-
ification of MI patients is crucial for appropriate therapies
and management. Mortality from MI ranges from 1.5% in
low-risk groups to more than 80% in high-risk groups. The
Killip and Forrester classifications were developed in the era
before fibrinolysis and are based on simple physical exami-
nation findings or hemodynamic variables, respectively
(Table 38.1). The more current Thrombolysis in Myocardial
Infarction (TIMI) risk classification is based on nine risk fac-
tors easily obtained from clinical history, physical examina-
tion, and ECG (Table 38.2). Age is a particularly powerful
independent predictor of both in-hospital and 6-month
mortality rates. The GISSI (Gruppo Italiano per lo Studio
della Sopravvivenza nell’Infarto Miocardico) investigators
reported that in patients who presented with a first MI and
received thrombolytic therapy, overall in-hospital mortality
was 1.9% among patients less than 40 years old but nearly
32% among those more than 80 years old. Multivariate
analysis showed that relative risk increased by about 6%
annually.

Indications for Initial Coronary Care
Admission

Patients with STEMI who present within 24 hours of symp-
tom onset should be admitted to the cardiac care unit
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TABLE 38.1
RISK STRATIFICATION OF PATIENTS WITH ACUTE MYOCARDIAL INFARCTION

A. Based on clinical examination B. Based on invasive monitoring

Class Definition Mortality Subset Definition Mortality

I Rales and S3 absent 6% I Normal hemodynamics, PCWP �18, CI �2.2 3%
II Rales or S3 30% II Pulmonary congestion, PCWP �18, CI �2.2 9%
III Rales over �50% of lung 38% III Peripheral hypoperfusion, PCWP �18, CI �2.2 23%

fields (pulmonary edema) IV Pulmonary congestion and peripheral 51%
IV Shock 81% hypoperfusion, PCWP �18, CI �2.2

CI, cardiac index; PCWP, pulmonary capillary wedge pressure.
A modified from Killip T, Kimball J. Treatment of myocardial infarction in a coronary care unit. A two-year experience with 250 patients. Am J Cardiol
1967;20:457. B modified from Forrester JS, Diamond GA, Juan HJC. Correlative classification of clinical and hemodynamic function after acute
myocardial infarction. Am J Cardiol 1997;39:137–145, with permission.
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(CCU). In addition, all high-risk MI patients (large MI, Kil-
lip class II through IV, history of previous MI, age �70
years), patients with persistent ischemic chest pain, early
sustained ventricular arrhythmias, or heart block, and pa-
tients requiring devices such as an intraaortic balloon
pump or temporary pacemaker require CCU level of care.
In some hospitals, low-risk MI patients (age �70 years,
small MI, no previous MI, Killip class I) may be admitted
directly to an intermediate care telemetry unit with ECG
monitoring and defibrillation equipment.

Initial Therapy

The goal of MI therapy is to prolong survival by limiting in-
farct size, repeated infarction, and mechanical complica-
tions that lead to pump failure and by preventing sudden
death secondary to arrhythmias. It is useful to categorize
interventions into those that increase coronary blood
flow—recanalization therapy (thrombolytic agents, pri-
mary PCI, antithrombotic agents), decrease myocardial
oxygen consumption (�-blockers, nitrates, calcium chan-
nel blockers), or prevent sudden arrhythmic death (lido-
caine, �-blockers) (Table 38.3). Some treatments such as
magnesium and angiotensin-converting enzyme (ACE)
inhibitors, have multiple effects that may together have a
positive impact on MI therapy. Management of MI patients
should focus on the pharmacologic and mechanical
interventions that unequivocally save lives as determined
by prospective, randomized trials: thrombolytic therapy,
primary PCI, aspirin, �-blockers, and ACE inhibitors
(Table 38.3).

ST Elevation MI

All patients with STEMI should be rapidly assessed for treat-
ment with fibrinolysis or primary PCI with balloon angio-
plasty and/or stenting. The goal of early recanalization

therapy is to salvage ischemic but viable myocardium,
thereby preserving left ventricular (LV) function. Because
the wavefront of irreversible ischemic injury progresses over
time from subendocardium toward the subepicardium,
with nearly transmural necrosis occurring by 6 hours of
coronary occlusion in animal models, the degree of my-
ocardial salvage with reperfusion is highly time-dependent.

Although fibrinolysis remains the standard in many in-
stitutions, substantial data suggest the superiority of
prompt primary PCI. Primary PCI at experienced centers is
a superior method of canalization; its routine use in clini-
cal practice is limited (presently about 20% of patients with
STEMI in the United States) by lack of availability or un-
avoidable delays in mobilizing the cardiac catheterization
laboratory. Rapid triage of patients to fibrinolysis or to the
cardiac catheterization laboratory for PCI requires an algo-
rithmic approach (Figure 38.1).

Recanalization Fibrinolysis

During the past decade, several intravenous (IV) fibrinoly-
sis trials have demonstrated an unequivocal reduction in
mortality. Meta-analysis of all trials of fibrinolytic therapy
(versus control) that randomized more than 1,000 patients
indicates that thrombolytic therapy reduces 35-day mortal-
ity on average by 18%, with significant benefits observed
with treatment from 0 to 12 hours after the onset of symp-
toms. Thrombolytic therapy has been estimated to save 39
lives per 1,000 patients treated in the first hour, compared
with fewer than 7 lives saved per 1,000 patients treated 13
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TABLE 38.2
RISK STRATIFICATION: TIMI CLASSIFICATION

Risk factors (No.)a Patients (%) Mortality (%)

0 26 1.5
1 42 2.3
2 21 7.0
3 7 13.0

�4 3 17.2

a Risk factors: anterior myocardial infarction, prior myocardial
infarction, age �70 y, female sex, diabetes, atrial fibrillation, rales
�1/3 of lung fields, hypotension (systolic blood pressure �100 mm
Hg), and sinus tachycardia (heart rate �100 beats/min).
Reprinted with permission from Hillis LD, Forman S, Braunwald E, and
the Thrombolysis in Myocardial Infarction (TIMI) Investigators. Risk
stratification before thrombolytic therapy in patients with acute
myocardial infarction. J Am Coll Cardiol 1990;16:313–315.

TABLE 38.3
THERAPIES FOR MYOCARDIAL INFARCTION

Increased myocardial oxygen supply
Reperfusion therapy: Thrombolytic agents,a PTCAa

Antithrombin agents: Unfractionated heparin, low-molecular-
weight heparin

Direct antithrombins: Hirudin, hirulog, argatroban
Antiplatelet agents: Aspirina, glycoprotein IIb/IIIa inhibitors

Decrease myocardial oxygen consumption
�-Blockersa

ACE inhibitorsa

Nitrates
Calcium channel blockers

Anti-arrhythmics
�-Blockersa

Lidocaine
Magnesium

Multifactorial
�-Blockersa

ACE inhibitorsa

HMG CoA reductase inhibitors (statins)a

Magnesium

a Large randomized trials have demonstrated a mortality benefit.
ACE, angiotensin-converting enzyme; HMG CoA,
hydroxymethylglutaryl coenzyme A; PTCA, percutaneous transluminal
coronary angioplasty.
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to 24 hours after the onset of chest pain. Fibrinolysis may
also be considered in certain patients who present late
(�12 hours), but clinical benefit may be marginal, as sug-
gested by the preponderance of trial experience (Table
38.4).

The comparative efficacy of different thrombolytic regi-
mens (Table 38.5) is a controversial topic. Three large trials
have directly compared these agents. GISSI-2 compared
streptokinase (SK) and non-accelerated tissue plasminogen
activator (t-PA), with or without subcutaneous heparin, and
found no mortality difference (8.9% vs. 8.5%). ISIS-3 (Third
International Study of Infarct Survival) examined SK, t-PA,
and anisoylated plasminogen streptokinase activator com-
plex (APSAC) and found all three were associated with sim-

ilar mortality rates (10.5%, 10.3%, and 10.6%, respectively).
Because both trials were criticized for inadequate IV heparin
therapy, especially with t-PA, GUSTO-1 investigated four
thrombolytic strategies utilizing accelerated t-PA, SK, and IV
or subcutaneous (SC) heparin (1). A 14% relative mortality
reduction was seen with the accelerated t-PA regimen (6.3%
t-PA vs. 7.3% SK), resulting in 9 net lives saved per 1,000 pa-
tients treated with t-PA in comparison with SK.

Several variants of t-PA have also been approved as
fibrinolytic agents, including rPA (reteplase) and single
bolus TNK-tPA (tenecteplase). Double bolus rPA does not
offer any advantage over accelerated t-PA except for its
ease of administration, which facilitates more rapid treat-
ment and may reduce medication errors. Single-bolus
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ST Segment Elevation MI

Shock or Killip Class IV?

No Yes

Give: 
• ASA
• IV Heparin
• ß-Blocker

Give: 
• ASA
• Heparin

• Cath Lab
• 1˚ PTCA, IABP
• Consider anti-GPIIb/IIIa

≤12 hr >12 hr

Persistent symptoms
or ST elevation?

Reperfusion
therapy eligible?

Yes No

Time since onset of chest pain

Yes No

1˚ PTCAMedical
therapy

Medical
therapy

Thrombolysis
• SK
• tPA
• rPA
• APSAC

1˚ PTCA
• Consider

anti-GPIIb/IIIa
or

Figure 38.1 An algorithmic approach to the management of the patient with acute myocardial
infarction with ST-segment elevation. APSAC, anisoylated plasminogen streptokinase activator com-
plex; ASA, aspirin; IABP, intraaortic balloon pump; PTCA, percutaneous transluminal coronary an-
gioplasty; rPA, recombinant plasminogen activator; SK, streptokinase; t-PA, tissue plasminogen
activator.
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weight-adjusted TNK-tPA is equivalent to accelerated t-PA
in terms of 30-day mortality and is associated with signifi-
cantly lower rates of non-cerebral bleeding and need for
transfusion.

Regardless of the choice of thrombolytic agents, the im-
portant goal appears to be early coronary artery patency.
The angiographic substudy of GUSTO-1 demonstrated the
lowest mortality (4.4%) in patients with normal coronary
blood flow (TIMI grade 3) 90 minutes after fibrinolysis, in
comparison with those having no or minimal flow (TIMI
grade 0 or 1, 8.9% mortality) or delayed flow (TIMI grade

2, 7.4% mortality) (1). The most common complications
of thrombolytic therapy involve bleeding. Although most
bleeding is minor, vascular interventions after fibrinolysis
may lead to more serious hemorrhagic complications at the
groin site. The incidence of intracranial hemorrhage ranges
from 0.26% to 2.2%; a higher risk is associated with older
age (�65 years), hypertension, and use of t-PA rather than
SK. Another potential complication of SK or APSAC in-
volves allergic reactions, which may occur in 1.7% of pa-
tients; the risk is greater in those with previous exposure to
streptococcal infection or SK products. Recent data suggest
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TABLE 38.4
REPERFUSION THERAPY

Level of
Recommendations Class I IIa IIb III Evidence

X A

X A

X C

X A
X A

X B

X A

X B

X B

X B

X A

X B

X B

Class I, eividence and/or general agreement that treatment is effective; Class II, conflicting evidence on efficacy (A-weight of evidence favors
treatment; B-effectiveness less well established); Class III, evidence and/or general agreement that treatment is not effective and may be harmful.
Adapted from Task Force on the Management of Acute Myocandial Infarction of the European Society of Cardiology. Management of Acute
Myocardial Infarction in Patients presenting with ST-Segment Elevation EurHeart J 2003;24:28–66.

Reperfusion therapy is indicated in all patients with history of
chest pain/discomfort of �12 h and associated with ST-
segment elevation or (presumed) new bundle-branch block
on the ECG

Primary PCI
• preferred treatment if performed by experienced team

�90 min after first medical contact
• indicated for patients in shock and those with contraindi-

cations to fibrinolytic therapy
• GP IIb/IIIa antagonists and primary PCI

no stenting
with stenting

Rescue PCI
• after failed fibrinolysis in patients with large infarcts

Fibrinolytic treatment
In the absence of contraindications (see Table 38.5) and if

primary PCI cannot be performed within 90 min after first
medical contact by an experienced team, pharmacological
reperfusion should be initiated as soon as possible
• choice of fibrinolytic agent depends on individual

assessment of benefit, risk, availability, and cost
In patients presenting late (�4 h after symptom onset), a more

fibrin-specific agent such as tenecteplase or alteplase is
preferred

For dosages of fibrinolytic and antithrombin agents, see
Tables 39.5 and text
• pre-hospital initiation of fibrinolytic therapy if appropriate

facilities exist
• readministration of a non-immunogenic lytic agent if

evidence of reocclusion and if mechanical reperfusion is
not available

• if not already on aspirin, 150–325 mg chewable aspirin (no
enteric-coated tablets)

• with alteplase and reteplase, a weight-adjusted dose of
heparin should be given with early and frequent adjust-
ments according to the aPTT

• with streptokinase, heparin is optional
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that routine post-thrombolysis coronary angiography and
appropriate subsequent interventions improve 1-year out-
comes compared iwth a conservative strategy.

Recanalization by Primary PCI

Canalization with primary revascularization by PCI or by-
pass grafting offers an alternative way to salvage ischemic
but viable myocardium. Primary balloon angioplasty re-
sults in early and rapid patency recanalization of the in-
farct-related artery, with a technical success rate above 90%
and in-hospital mortality rates �7–8%. The landmark Pri-
mary Angioplasty in Myocardial Infarction (PAMI) trial
demonstrated significantly decreased death or nonfatal re-
infarction at 6 months with immediate balloon angioplasty
(9%), compared to fibrinolysis with t-PA (17%). In addi-
tion, angioplasty was accompanied by a 0% stroke rate and
shorter mean time to resolution of chest pain (290 versus
354 minutes).

More than 20 head-to-head randomized trials have ran-
domly assigned nearly 8,000 thrombolytic-eligible patients
with STEMI to primary PCI (balloon angioplasty or stenting)
or thrombolytic therapy. Recent meta-analysis of these trials

showed that primary PCI was better than thrombolytic ther-
apy at reducing short-term death (7% vs. 9%, P � 0.0002),
non-fatal reinfarction (3% vs. 7%, P � 0.0001), stroke (1%
vs. 2%, P � 0.0004), and the combined endpoint of death,
non-fatal reinfarction, and stroke (8% vs. 14%, P � 0.0001)
(2). The results seen with primary PCI remained better than
those with thrombolytic therapy during long-term follow-
up, and were independent of the type of thrombolytic agent
used and whether or not the patient was transferred for pri-
mary PCI. This meta-analysis suggests that for every 1,000
patients treated with primary angioplasty rather than throm-
bolytic therapy, an additional 20 lives are saved, 43 reinfarc-
tions are prevented, 10 fewer strokes occur, and 13 intracra-
nial hemorrhages are prevented. Myocardial salvage is
greater with PCI, and primary PCI gives better results than
thrombolytic therapy even in community hospitals without
on-site surgical back-up (3). Most importantly, primary PCI
reduces death, recurrent MI, or stroke compared with front-
loaded t-PA (8.5% versus 14.2%, P � 0.002) even when pa-
tients need to be transferred by ambulance (taking up to 3
hours) to reach an interventional center (4).

Unfortunately, the current average door-to-balloon
times in the United States exceed the 2-hour goal, and
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TABLE 38.5
THROMBOLYTIC REGIMENS AND CRITERIA FOR FIBRINOLYSIS IN ACUTE MYOCARDIAL INFARCTION

Indications Contraindications

� Chest pain consistent with acute MI
� Electrocardiographic changes

ST-segment elevation �0.1 mV in at least two contiguous leads
New or presumably new left bundle branch block

� Time from onset of symptoms �12 h
Regimens

� APSAC 30-U IV bolus over 2–5 min
� Reteplace (r-PA): 10-U IV bolus over 2–5 min, followed 30 min

later by an additional 10-U IV bolus
� Streptokinase (SK): 1.5 million IU IV over 60 min
� Alteplace (t-PA):

�67 kg: 15-mg IV bolus, followed by 50 mg infused over the next 
30 min, and then 35 mg infused over the next 60 min

�67 kg: 15-mg IV bolus, followed by 0.75 mg/kg infused over 
the next 30 min not to exceed 50 mg, and then 0.5 mg/kg over
the next 60 min not to exceed 35 mg

� Tenecteplace (TNK-tPA)
single IV bolus
30 mg if �60 kg
35 mg if 60 to �70 kg
40 mg if 70 to �80 kg
45 mg if 80 to �90 kg
50 mg if �90 kg

Absolute
� Active internal bleeding (excluding menses)
� Suspected aortic dissection
� Recent head trauma or known intracranial neoplasm
� History of cerebrovascular accident known to be hemorrhagic
� Major surgery or trauma �2 wk previously
Relativea

� Blood pressure �180/110 mm Hg on at least two readings
� History of chronic, severe hypertension with or without drug

therapy
� Active peptic ulcer
� History of cerebrovascular accident
� Known bleeding diathesis or current use of oral anticoagulants

regardless of INR
� Prolonged or traumatic cardiopulmonary resuscitation
� Diabetic hemorrhagic retinopathy or other hemorrhagic oph-

thalmic condition
� Pregnancy

a These should be considered on a case-by-case analysis of risk versus benefit. In instances in which these contraindications (particularly 1 through 5)
have paramount importance, such as active peptic ulcer with history of bleeding, they become absolute contraindications when weighed against a
less than life-threatening, evolving acute MI.
MI, myocardial infarction; APSAC, anisoylated plasminogen steptokinase activator complex; r-PA, recombinant plasminogen activator; t-PA, tissue
plasminogen activator; SK, streptokinase; INR, international normalized ratio.
Adapted from AHA Medical/Scientific Statement Special Report. ACC/AHA guidelines for the early management of patients with acute myocardial
infarction. Circulation 1990;82:707, and from Anderson HV, Willerson JT. Thrombolysis in acute myocardial infarction. N Engl J Med 1993;329:703,
with permission.
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transfer patients average more than 3 hours (4). Efforts to
improve clinical outcome when timely angioplasty is un-
available have focused on “facilitated angioplasty,” which
is the combination of pharmacologic reperfusion with me-
chanical revascularization (5). However, randomized trials
have found that facilitated angioplasties are either inferior
to or no better than primary PCI alone (6).

Treatments that may be Common to STEMI
and NSTEMI

Treatment of patients with NSTEMI/unstable angina is
covered extensively in Chapter 37. Differentiating patients
with STEMI and NSTEMI is critical from a management
standpoint, since certain interventions that have resulted
in significant mortality reductions in STEMI are not bene-
ficial in patients who present with NSTEMI. In general, all
patients presenting with acute coronary syndromes should
be treated with aspirin, heparin, and clopidogrel. In
higher risk patients, such as those presenting with STEMI
or NSTEMI/unstable angina with refractory ischemia, pos-
itive cardiac biomarkers, ST-segment depression, hemody-
namic instability, signs of left ventricular dysfunction, or
history of revascularization within 6 months, intravenous
glycoprotein (GP) IIb/IIIa receptor antagonists are usually
added. Planning for timely reperfusion with fibrinolysis
(door-to-needle �30 min) or PCI (door-to-balloon �120
min) is mandatory for STEMI, but may be delayed in pa-
tients presenting with NSTEMI/unstable angina unless
refractory ischemia develops. Based on clinical trial evi-
dence, all patients with NSTEMI should proceed to the
cardiac catheterization laboratory (after a period of medi-
cal stabilization) for delineation of coronary anatomy and
revascularization by PCI or CABG. Although guidelines
have recommended cardiac catheterization with 48 hours
of presentation, a recent study found significant clinical
benefit of an early (�6 hours) invasive strategy, compared
to delayed cardiac catheterization (72–120 hours) after
medical stabilization (7). There is no role for fibrinolysis
in patients presenting with NSTEMI/unstable angina.

Antiplatelet Therapy

Aspirin
Platelet activation and aggregation play an important role
in thrombus formation at the site of plaque rupture in
acute MI. Aspirin functions as an antiplatelet agent by irre-
versibly acetylating cyclo-oxygenase and inhibiting throm-
boxane A2. In patients with acute MI, aspirin alone reduces
mortality by 23% at 35 days and reduces nonfatal MI and
stroke by 49% and 46%, respectively, in comparison with
placebo (8,9). When aspirin is given with SK in STEMI,
mortality is reduced by 42%. A daily dose of 81 to 325 mg
of aspirin should be administered to all patients with an MI
and continued indefinitely.

Clopidogrel
Clopidogrel blocks the platelet P2Y12 ADP-receptor and
provides potent platelet inhibition when added to aspirin
therapy. Clopidogrel is an irreversible inhibitor of platelet
function that is not correctable by platelet transfusion. Ap-
proximately 5 days are required for significant attenuation
of clopidogrel’s anti-platelet effect. The combination of
aspirin (325 mg daily) and clopidogrel (300 mg bolus
dose followed by 75 mg daily) is now the standard anti-
thrombotic regimen following PCI with stenting, based on
the results of clinical trials demonstrating 3-5-fold reduc-
tions in subacute stent thrombosis compared with treat-
ment with aspirin plus warfarin or aspirin alone. There is
growing clinical evidence that pre-treatment with clopido-
grel improves clinical outcomes in patients undergoing PCI.
However, since clopidogrel is a pro-drug that requires hep-
atic cytochrome P450-dependent activation, pre-treatment
with a 300 mg bolus dose requires approximately 6 hours to
achieve clinically beneficial effects. This time lag may be re-
duced to 2 hours when a 600 mg bolus dose is utilized. The
potential beneficial effect of pre-treatment must be bal-
anced against the potential increased risk of bleeding in the
event that emergency CABG is required because of unfavor-
able anatomy or PCI-induced complications.

Patients undergoing primary PCI for STEMI should be
treated with aspirin and clopidogrel for a minimum of
30 days. Patients receiving a drug-eluting stent require
more prolonged treatment (90 days for sirolimus- and 180
days for paclitaxel-eluting stent). Evidence guiding the use
of clopidogrel after thrombolytic therapy for STEMI is
lacking. Based on clinical trial results, patients with unsta-
ble angina/NSTEMI should receive clopidogrel for 9–12
months.

Glycoprotein IIb/IIIa Inhibitors
Newer, more potent antiplatelet agents block platelet GP
IIb/IIIa fibrinogen binding, the final common molecular
pathway of platelet aggregation. Two pharmacologic strate-
gies have been employed in designing inhibitors of GP
IIb/IIIa: blockade with a humanized monoclonal antibody
Fab fragment (e.g., abciximab or ReoPro) or inhibition
with agents that mimic the physiologic arginine-glycine-
aspartic acid (RGD) ligand-binding sequence of fibrinogen
(e.g., eptifibatide and tirofiban). Meta-analysis of three
clinical trials in patients undergoing PCI for unstable
angina or non-STEMI shows that GP IIb/IIIa inhibitors re-
duce death and MI by 33% in the 48–72 hours prior to PCI
and by 45% peri- and post-PCI. Guidelines now recom-
mend GP IIb/IIIa inhibitors in conjunction with aspirin
and heparin in all high risk patients (refractory ischemia,
ST-segment depression, troponin-positive, hemodynamic
instability, prior PCI or CABG within 6 months) prior to
diagnostic angiography and PCI, which is generally per-
formed with 24–48 hours after admission.

Most interventionalists use GP IIb/IIIa blockers for pa-
tients undergoing primary PCI for STEMI based on a series
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of randomized trials. Potent platelet inhibition with abcix-
imab is associated with substantial reductions in death,
reinfarction, and the need for urgent revascularization.
Early use of eptifibatide, tirofiban, or abciximab in addi-
tion to aspirin plus heparin in the emergency department is
strongly encouraged since angiographic studies have
shown that each of these agents improves patency of the
infarct-related artery as well as microvascular flow.

Antithrombin Therapy

Heparin
Trials document that low-molecular-weight heparin
(enoxaparin or nadroparin) significantly reduces major ad-
verse cardiac outcomes, including death, MI, and recurrent
angina, compared with unfractionated heparin, in patients
with non-STEMI. Studies also suggest perhaps a slight ben-
efit for low-molecular-weight heparin in combination with
fibrinolytic agents in STEMI (10), but data are conflicting
(11). The current recommendation is heparin for patients
who do not receive reperfusion therapy, those undergoing
PCI or surgical revascularization, patients receiving t-PA,
and patients who are at high risk for systemic emboli. The
recommended dosing regimen for low-molecular-weight
heparin is enoxaparin 1 mg/kg sc BID (requires dose ad-
justment for renal insufficiency and obesity). If unfraction-
ated heparin is used, the recommendation is an IV bolus of
60 units/kg (maximum 4000 U) followed by an infusion of
12 units/kg per hour (maximum 1000 units/h) with subse-
quent adjustment (3, 6, 12, 24 h after start of treatment) to
achieve an activated partial thromboplastin time (a PTT) of
50 to 70 seconds.

Direct Antithrombin Agents
Direct antithrombin agents such as hirudin, hirulog, and
argatroban inhibit thrombin directly and do not require
antithrombin III as a cofactor. Direct antithrombins offer
the theoretical advantage of inhibiting clot-bound throm-
bin more effectively than unfractionated heparin or low-
molecular-weight heparin. Two large trials evaluating the
use of hirudin versus unfractionated heparin as adjunctive
therapy to fibrinolysis in STEMI revealed no significant dif-
ference in mortality in the two groups. Bivalirudin with
streptokinase compared to unfractionated heparin with
streptokinase significantly reduced reinfarction for 48
hours with no effect on 30 day mortality, at the cost of a
modest and non-significant increase in non-cerebral bleed-
ing complications. Therefore, to date the direct antithrom-
bin agents do not seem to provide additional benefits over
heparin in STEMI. The use of bivalirudin in patients under-
going primary PCI for STEMI is under active investigation.

Warfarin
Trials of anticoagulants following MI demonstrate favor-
able reductions in late mortality, stroke, and recurrent MI

when compared to placebo (12). Some studies have also
suggested that warfarin is superior to aspirin alone or that
the addition of warfarin to low-dose aspirin may also be
beneficial. However, the impact of other antiplatelet
agents, such as clopidogrel, on the role of warfarin is un-
known. Current guidelines suggest the use of warfarin anti-
coagulation when aspirin cannot be taken or when other
indications for anticoagulation exist (atrial fibrillation,
thromboembolic events, LV thrombus). If warfarin is
added to aspirin, the aspirin dose should be lowered to 81
mg qd and the target INR should be 2.0–2.5.

Treatments to Decrease Myocardial Oxygen
Consumption

�-blockers
�-blockers effectively reduce myocardial oxygen consump-
tion by decreasing heart rate, contractility, and wall stress.
Their anti-adrenergic properties also confer protection from
significant ventricular arrhythmias. The use of immediate IV
�-blockers followed by oral therapy reduces in-hospital
mortality by 13%, repeated infarction by 19%, and cardiac
arrest and ventricular fibrillation (VF) by 16%. Long-term 
�-blockade also plays an essential role in secondary preven-
tion, with 22% and 27% reductions in mortality and re-
peated infarction, respectively, at 1 year. Data also support
the use of early �-blockade, even in patients with moderate
heart failure and significant left ventricular dysfunction. 
In one trial, carvedilol 25 mg PO bid reduced all cause mor-
tality by 23% in patients who had a recent MI (day 3–21)
and an ejection fraction of less than 40%, but who did not
have uncontrolled heart failure or required ongoing diuretic
or inotropic therapy, and who were taking a stable dose of
an ACE inhibitor (13). The current recommendations are to
initiate �-blockade as soon as possible in all patients with-
out contraindications, especially in those with persistent or
recurrent ischemic chest discomfort and those with atrial or
ventricular tachyarrhythmias. Relative contraindications in-
clude bradycardia, systolic blood pressure below 100 mm
Hg, presence of heart failure, history of chronic obstructive
pulmonary disease or asthma, or signs of advancing atri-
oventricular (AV) block (PR interval �0.22, type I or II sec-
ond-degree AV block, complete heart block). �-blocker reg-
imens include the following: (a) metoprolol, 5 mg IV every
15 minutes three times, followed by 25 to 50 mg PO every
6 hours; (b) propranolol, 0.033 mg/kg IV three times, fol-
lowed by 20 to 80 mg every 6 hours; and (c) atenolol, 5 mg
IV every 10 minutes two times, followed by 50 mg PO every
12 hours. If concerns about toxicity are substantial, a trial 
of the ultra-short-acting agent esmolol (500 mcg/kg per
minute, then 50 to 250 mcg/kg per minute), which has 
a half-life of 9 minutes, may be warranted. In general, 
�-blockers should be titrated to the target doses used in 
the clinical trials (metoprolol 100 mg PO bid, atenolol 
100 mg PO qd, and propranolol 60–80 mg PO tid) unless
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heart rate, blood pressure, or other symptoms prohibit
these doses.

Angiotensin-Converting Enzyme Inhibitors

Three trials have demonstrated that ACE inhibitors may be
safely started in the early hours of MI (0 to 36 hours), with
a statistically significant mortality benefit in all patients af-
ter acute MI at 4–6 weeks, irrespective of LV function (14).
The average 7% reduction in mortality compared with
placebo therapy translates into approximately 5 lives saved
per 1,000 patients treated with ACE inhibitors. Sub-group
analysis of these trials suggests that patients with anterior
MI benefit to a much greater extent than those with inferior
MI (11 lives saved per 1,000 patients treated vs. 1 life saved
per 1,000 patients treated with inferior MI). Clinical trial
data support a broad recommendation that ACE inhibitors
should be considered in all patients with a systolic blood
pressure above 100 mm Hg and no contraindications to
ACE inhibitors and commenced within 1–2 days of acute
MI. Acute ACE inhibitor regimens include (a) lisinopril, 5
mg PO on the first day, 5 mg PO at 24 hours, then 10 mg
daily thereafter; (b) captopril, 6.25 mg PO on the first day,
titrated up to 50 mg twice daily thereafter; and (c) zofeno-
pril, 7.5 mg twice daily on the first day, titrated up to 30 mg
twice daily thereafter. The mechanism of action of ACE in-
hibitors is multifactorial, and the clinical benefits observed
may be secondary to a reduction in angiotensin II-medi-
ated vasoconstriction and sodium retention; an increase in
bradykinin and prostaglandins, which improves hemody-
namics and ventricular remodeling; and a decrease in
plasma levels of plasminogen activator inhibitor-1, which
promotes endogenous fibrinolysis.

Like �-blockers, ACE inhibitors play an important role
in secondary prevention by preventing recurrent ischemic
events, heart failure and sudden death, thereby providing a
20% reduction in long-term mortality in patients with a
previous MI and symptomatic LV dysfunction (14).

More complete blockade of the renin-angiotensin-
aldosterone system with selective aldosterone blockade
lowers mortality further. For example, the selective aldos-
terone blocker, eplerenone reduced total mortality by 15%
in patients with acute myocardial infarction complicated
by left ventricular dysfunction and heart failure (15), but
the rate of serious hyperkalemia was 5.5% compared with
3.9% in the placebo group. Selective aldosterone blockade
(eplerenone 25–50 mg PO qd) should be considered when
heart failure complicates STEMI after ACE inhibitors and �-
blockers have been maximized, but only if renal function is
preserved (creatinine �2.5 mg/dL) and hyperkalemia
(potassium level �5.0 mmol/l) is not present.

Nitrates

Nitrates are venous and arterial vasodilators that reduce
preload and afterload, thereby decreasing wall stress and

myocardial oxygen consumption. In addition, these agents
improve coronary blood flow. However, recent random-
ized trials failed to demonstrate a reduction in mortality
when nitrates were added to current standard therapy. Fur-
thermore, they may cause excessive bradycardia and hy-
potension, especially when right ventricular infarction is
present. IV or topical nitrate preparations followed by oral
therapy reduce episodes of angina after infarction. There-
fore, nitrates should be considered in patients with ongo-
ing ischemic chest pain or uncontrolled heart failure if the
systolic blood pressure is greater than 90 mm Hg, the heart
rate is greater than 50 beats per minute, and right ventricu-
lar infarction is not present.

Calcium Channel Blockers

There is no survival benefit with use of calcium channel an-
tagonists in the initial treatment or secondary prevention of
MI. In fact, the use of nifedipine in acute myocardial in-
farction is contraindicated.

Prevention of Sudden Death

Sudden death, the most feared complication of MI, is usu-
ally caused by ventricular tachycardia or fibrillation and
less frequently by complete heart block, asystole, or me-
chanical catastrophes such as free wall rupture or massive
pulmonary embolism. Empowering trained nurses in the
coronary care unit to recognize and defibrillate sustained
ventricular arrhythmias without direct physician supervi-
sion has had the greatest impact on sudden death from MI.
Other strategies include the use of medication and im-
plantable cardiac defibrillators (ICDs) for patients at high-
est risk for sudden death.

Antiarrhythmic Medications

Lidocaine, a Vaughan-Williams class Ib (sodium channel
blocker) antiarrhythmic agent, is indicated for treatment of
VF or ventricular tachycardia (VT) in acute MI. Although
the prophylactic use of lidocaine may decrease the overall
incidence of VF, this potential clinical benefit is offset by an
increased number of deaths associated with severe brady-
cardia, asystole, or pulseless electrical activity. The drug
should therefore be reserved for the treatment of sustained
or symptomatic VT. Its neurologic toxicity may produce
confusion, tremor, and seizures, especially in the elderly
and those with heart failure or impaired hepatic function.

Amiodarone blocks adrenergic �-receptors and vari-
ous membrane channels including potassium (Vaughan-
Williams Class III effect), calcium, and sodium. It is effective
and is used for the treatment of recurrent ventricular fibrilla-
tion and hemodynamically significant ventricular tachycar-
dia, especially in lidocaine-resistant patients. In two long-
term post-MI studies in high-risk patients, amiodarone
appeared to lower arrhythmic death and cardiac arrest but
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not total mortality. Unfortunately, 40% of patients stopped
the drug. When given intravenously, amiodarone may cause
phlebitis (especially when given through a peripheral IV),
heart block, hypotension, and heart failure.

Magnesium is not recommended in acute MI because its
use has been associated with a nonsignificant increase in
mortality and heart failure.

Implantable Cardiac Defibrillators (ICDs) are small devices
(50–70 ccs) that implanted in the left pectoral region, con-
tinuously monitor the heart rhythm, and can be combined
with pacing and hemodynamic monitoring. In two ran-
domized trials of patients with previous myocardial infarc-
tion and reduced ejection fraction (less than 30–35% at 3–4
weeks post-infarction), prophylactic ICDs reduced mortal-
ity by 54% in patients with nonsustained ventricular tachy-
cardia and by 31% when nonsustained VT was not an entry
criteria, compared with standard medical therapy (16).

Indications for Early Consultation

Complicated MI patients with hemodynamic instability,
recurrent ischemia, heart failure, or arrhythmias, and those
requiring PCI, an intraaortic balloon pump, or temporary
pacing should be evaluated and managed by a cardiologist.
Consultation with an electrophysiologist should be con-
sidered in all post-infarct patients with severe left ventricu-
lar dysfunction (ejection fraction � 0.30), especially if
they have nonsustained ventricular tachycardia.

ISSUES DURING THE COURSE
OF HOSPITALIZATION

The early hospital management of acute MI focuses on phar-
macologic and mechanical interventions that save lives
(careful monitoring and treatment of arrhythmias, recurrent
ischemia, and heart failure), assessment of risk factors, and
patient and family education (Table 38.6; Figures 38.2, and
38.3). After initial assessment in the emergency department
and institution of treatment with aspirin, �-blockers, hep-
arin, nitrates, and fibrinolysis or PCI (for ST-segment eleva-
tion MI), the patient is admitted to the CCU. Following suc-
cessful PCI of the infarct-related artery, low-risk patients (age
�70 years, small MI, Killip class I, no previous MI) may be
admitted directly to an intermediate care unit. Streamlined
critical pathways for patients with MI treated either with fib-
rinolysis or PCI are outlined in Figures 38.2 and 38.3.

Activity should be restricted to bed rest for the first 12
hours. Hemodynamically stable patients may have bed-
side commode privileges. During hospital days 0 and 1,
serial determinations of troponin levels or, less com-
monly, CK-MB (myocardium-specific isoenzyme of crea-
tine kinase) are performed (every 8 hours three times), se-
rial ECGs are obtained, and an ACE inhibitor is added to
the above medical regimen if hemodynamically tolerated.
If ischemia is detected at any time during the hospitaliza-

tion, the patient should undergo cardiac catheterization to
guide revascularization. During the first 24 to 48 hours of
an acute MI, the lipid profile remains near baseline levels
(total, low-density lipoprotein [LDL], and high-density
lipoprotein [HDL] cholesterol; triglycerides), and it
should be checked on admission or soon thereafter. All
patients should be started on a “heart-healthy” diet with
subsequent nutritional education.

During day 1, low-risk patients (age �70, small MI, Killip
class I, no previous MI) may be transferred to a step-down
floor with continued ECG monitoring. These patients
should increase activity, with frequent bed-to-chair transfers
and ambulation in the room. Moderate- to high-risk patients
should remain in the CCU; if hemodynamically stable, they
should undergo active range-of-motion exercises to all ex-
tremities, with bed-to-chair transfers for 1 to 2 hours a day.
All patients should be considered candidates for HMG CoA
reductase inhibitors (statins), independent of lipid values,
with an LDL goal of 60 mg/dL (17). Ezetimibe can be added
if a statin cannot achieve this goal. Niacin or fibric acids can
be used when triglyceride levels are greater than 200 mg/dl
and/or the HDL is less than 35 mg/dl despite statins.

During day 2, low-risk patients should increase ambula-
tion around the step-down floor. In the absence of ischemia,
heart failure, or ventricular arrhythmia, non-low-risk pa-
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TABLE 38.6
RISK STRATIFICATION FOLLOWING ACUTE
MYOCARDIAL INFARCTION

Ischemia
Assessment: stress test (exercise or pharmacologic) with electro-

cardiography, perfusion scintigraphy, or echocardiography
Low risk: absence of spontaneous or provokable ischemia
High risk: presence of spontaneous or provokable ischemia
If high risk, catheterization and revascularization

Left ventricular dysfunction
Assessment: echocardiography
Low risk: absence of heart failure symptoms, normal LVEF
High risk: heart failure symptoms, LVEF �40%
If high risk, heart failure symptoms: ACE inhibitors, diuretics, 

digoxin
LVEF �40%: strongly consider catheterization to rule out three-

vessel CAD given survival benefit with revascularization
LVEF �35%: strongly consider prophylactic AICD

Electrical instability
Assessment: routine clinical information; Holter monitor not  rou-

tinely indicated
Low risk: none or non-sustained VT or VF �48 h post-MI
High risk: sustained VT or VF �48 h post-MI
If high risk, rule out ischemia, catheterization/revascularization

if indicated; AICD indicated

ACE, angiotensin-converting enzyme; AICD, automated implantable
cardioverterñdefibrillator; CAD, coronary artery disease; EPS, electro-
physiologic study; LVEF, left ventricular ejection fraction; VF, ventricular
fibrillation; VT, ventricular tachycardia.

26410 ch 038  3/25/05  12:03 PM  Page 352



tients can be transferred to a step-down unit; their activity
level should include increased bed-to-chair transfers with
gradual ambulation. During the remaining hospitalization,
�-blocker and ACE inhibitor doses should be titrated to
achieve optimal heart rate and blood pressure response. Se-
lective aldosterone blockers should be considered in patients
with heart failure and significant LV dysfunction.

Risk Stratification After Myocardial Infarction

Risk stratification after MI should assess the presence
of spontaneous or provokable ischemia, the status of
the LV, and the risk for ventricular arrhythmias. An
echocardiogram generally should be obtained in virtually
all patients.
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Figure 38.2 Critical pathway for the patient receiving fibrinolysis. ACEI, angiotensin converting
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Figure 38.3 Critical pathway for the patient treated with percutaneous coronary intervention
(PCI). ACEI, angiotensin converting enzyme inhibitor; ACT activated clotting time; ASA, aspirin;
CATH, cardiac catheterization; CBC, complete blood count; CCU, coronary care unit; CHF,
congestive heart failure; D/C, discharge or discontinue; Dx, diagnosis, ECG, electrocardiogram; EF,
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developed at Brigham and Women’s Hospital by Drs. Elliott Antman, John Bittl, Christopher Cannon,
James K. Kirshenbaum, Patrick O’Gara, and Peter Stone, Reprinted with permission.)
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On day 3, low-risk patients should undergo a submaxi-
mal exercise test, during which they exercise until anginal
symptoms occur, ECG ischemia is seen, or the exercise pro-
tocol is completed (approximately 5 METS [metabolic
equivalents]). In patients with baseline ECG abnormalities
that preclude interpretation of a stress ECG, an exercise per-
fusion scintigram or exercise echocardiogram should be
performed. If patients are unable to exercise, stress perfu-
sion scintigraphy or echocardiography with dipyridamole
or dobutamine can mimic the stress of exercise and allow
risk stratification (Chapter 36). The goals of post-MI stress
testing are to (a) assess exercise capacity and the patient’s
ability to perform daily home and work activities; (b) eval-
uate the efficacy of the current medical regimen; and (c) as-
sess the risk for a subsequent cardiac event. If the stress test
result is strongly positive (�2 mm ST-segment depression;
large or multiple stress-induced perfusion abnormalities;
stress-induced echocardiographic changes), the patient
should undergo cardiac catheterization with a view toward
revascularization. If the test result is negative, the patient
can be discharged on a medical regimen consisting of
aspirin, a �-blocker, a statin, and, if indicated, an ACE in-
hibitor. A symptom-limited exercise test should be obtained
at 3 to 6 weeks after discharge.

Moderate- to high-risk patients should be continually
monitored through day 3, with an increased level of ambu-
lation; IV heparin can then be discontinued. These patients
should undergo a submaximal exercise test on day 4 or 5. If
the test result is negative, the patient can be discharged on
a medical regimen consisting of aspirin, a �-blocker, a
statin, and, if indicated, an ACE inhibitor.

Cardiac catheterization and revascularization should be
strongly considered in patients with LV dysfunction, given
the established survival benefits of coronary artery bypass
grafting in patients with two- or three-vessel coronary artery
disease and a reduced LV ejection fraction. For patients
with nonsustained ventricular arrhythmias 24–48 hours af-
ter infarction, consultation with an electrophysiologist
should assess the advisability of further testing to refine the
risk of sudden death and/or placement of a prophylactic
ICD before discharge.

COMPLICATIONS OF MYOCARDIAL
INFARCTION

Heart failure, hypotension, and shock often require inva-
sive hemodynamic monitoring with a pulmonary artery
catheter and an arterial line. Measurement of filling pres-
sures and cardiac output guide further management with
regard to volume status, need for inotropic agents, and
therapeutic response to afterload reduction. LV failure
should be treated with diuretics, afterload reduction with
easily titratable agents such as IV nitroprusside or IV nitro-
glycerin, and possibly inotropic agents, such as dopamine
and dobutamine (Chapter 39). Right ventricular (RV) fail-

ure in the setting of RV MI requires aggressive volume
repletion to raise right-sided filling pressures and right ven-
tricular inotropic support until the RV recovers. Saline
should be used to keep the central venous pressure 10–15
mm Hg and inotropic agents, such as dobutamine 1–5
mcg/kg/min, can be used to keep the systolic blood
pressure � 90 mm Hg. Patients in cardiogenic shock or
with persistent ischemia require intra-aortic balloon
pumping, which functions to augment coronary perfusion
pressure and reduce LV afterload; these patients should also
be taken immediately to cardiac catheterization. Timely
revascularization of patients with cardiogenic shock has
been associated with significant reductions in in-hospital
mortality.

Mechanical Complications

Mechanical complications such as free wall rupture, ventric-
ular septal defect, and papillary muscle rupture most com-
monly occur 3 to 5 days after the MI. They occur dramati-
cally and are associated with a high mortality rate (up to
90%) with medical management alone. Free wall rupture
usually involves the anterior or lateral wall of the LV in a
large Q-wave MI, resulting in hemopericardium. The clini-
cal presentations range from sudden death to hypotension
and pericardial chest pain. The diagnosis can be made by
urgent pericardiocentesis or, if the patient is stable, by ur-
gent echocardiography. Survival rate is low and depends on
patient stability and prompt surgical intervention.

Ventricular septal defects occur in approximately 2% of
patients with an acute MI. Defects in anterior MI are often
apical, whereas those in inferior MI tend to be in the basal
septum and are associated with a worse prognosis. The clin-
ical presentation usually involves the new appearance of a
harsh, loud holosystolic murmur at the left lower sternal
border. Within a few hours or days, biventricular failure en-
sues. Diagnosis is made by echocardiographic visualization
or shunt detection via pulmonary artery catheter sampling
of oxygen saturation. Survival depends on early detection,
RV and LV function, and size of the defect. Treatment con-
sists of surgery or catheter-based clamshell device closure.
Surgical mortality approaches 50%.

Papillary muscle rupture is a rare, dramatic, and often
fatal complication of MI. Rupture of the posteromedial
papillary muscle, which is associated with inferior MI, oc-
curs more frequently than does anterolateral papillary
muscle rupture (associated with anterolateral MI). Pa-
tients present with acute, severe mitral regurgitation, hy-
potension, and heart failure. The apical murmur is often
subtle and may become inaudible as arterial hypotension
occurs. The diagnosis is made by echocardiography or
ventriculography. A pulmonary artery catheter will reveal
large c-v waves in the pulmonary capillary wedge pressure
tracings. Surgical treatment involves repair or replacement
of the mitral valve and is associated with a mortality rate
of 40% to 90%.
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Arrhythmias

Arrhythmias in MI occur as a result of ischemia, increased
adrenergic state, and electrolyte abnormalities. Frequent
ventricular premature beats (VPBs) are commonly observed
in patients with acute MI and do not predict the likelihood
of progression to VF. Antiarrhythmic agents are not indi-
cated in this setting and may increase the risk for adverse
bradycardic events. Non-sustained VT (more than three
consecutive ventricular beats at a rate �100 beats/min last-
ing �30 seconds) in the first 24–48 hours after acute my-
ocardial infarction is not associated with an increased acute
or long-term mortality rate after MI. In contrast, sustained
VT (lasting longer than 30 seconds or causing hemody-
namic compromise requiring intervention) is associated
with a 20% in-hospital mortality. Hemodynamically com-
promised patients with sustained VT should be treated with
synchronized cardioversion. Stable patients should be
treated with an intravenous antiarrhythmic agent such as:
(a) lidocaine, initial bolus of 1 to 1.5 mg/kg to a maximum
of 3 mg/kg, and infusion of 1 to 4 mg/min; (b) pro-
cainamide, initial dose of 12 to 17 mg/kg over 30 minutes,
followed by maintenance infusion of 1 to 4 mg/min;
(c) amiodarone, initial dose of 150 mg over 10 minutes,
followed by infusion of 1 mg/min for 6 hours and then
maintenance rate of 0.5 mg/min. Primary VF during acute
MI increases in-hospital mortality but is not a predictor for
long-term risk. Secondary VF in the setting of significant LV
dysfunction and cardiogenic shock is associated with in-
hospital mortality rates of 40% to 60%. VF should be
promptly treated with defibrillation. Pharmacologic pre-
vention of recurrent episodes includes the use of �-blockers,
lidocaine, amiodarone, or bretylium (5 to 10 mg/kg).

In acute MI, the incidence of atrial fibrillation (AF) is 10%
to 16%. Atrial flutter and supraventricular tachycardia occur
less frequently. In the hemodynamically compromised pa-
tient with AF, atrial flutter, or supraventricular tachycardia,
immediate synchronized cardioversion is indicated. In the
stable patient, IV intravenous �-blockers or digoxin should
be administered. Although not considered first-line agents,
calcium channel blockers may also be used in patients with
preserved LV function. Because electrolyte abnormalities
may exacerbate or precipitate both ventricular and atrial ar-
rhythmias, all patients should have a potassium level above
4.0 mEq/L and a magnesium level above 2.0 mEq/L.

Bradyarrhythmias also occur in the acute MI setting. In-
feroposterior MI is more often associated with sinus brady-
cardia resulting from vagal stimulation of the heart, first-
degree AV block, and Mobitz type I second-degree AV
block. These bradyarrhythmias are usually transient and do
not require therapy unless associated symptoms are pre-
sent. Treatment includes a reduction in �-blocker or
calcium channel blocker dose, the use of atropine, or tem-
porary pacing. Anteroseptal MI is associated with more ad-
vanced AV block, including Mobitz type II second-degree
AV block and complete AV block. These patients should be

treated with temporary transvenous pacing. Temporary
pacing should also be strongly considered in patients with
new bifascicular bundle branch block or alternating right
and left bundle branch block. Specific arrhythmias are cov-
ered in more detail in Chapters 42, 43, and 45.

Thromboembolism

Patients in the post-MI setting are at risk for venous throm-
bosis, pulmonary embolic, and arterial thromboembolic
events. IV heparin during the first 48 to 72 hours of hospi-
talization and early ambulation reduces the risk for deep ve-
nous thrombosis and pulmonary embolism. Large anterior
MI and LV dysfunction are risk factors for thrombus forma-
tion and systemic embolization; in such patients, an
echocardiogram should be performed, and heparin antico-
agulation should be instituted if a thrombus is found.
Although the risk of ventricular mural thrombus in associa-
tion with large infarctions has not been defined in the mod-
ern reperfusion and ACE inhibitor era, strong consideration
should be given to the prophylactic use of antithrombotic
agents such as coumadin when LV function is very poor or
extensive wall motion abnormalities are present.

DISCHARGE ISSUES

Patients who have undergone recanalization therapy and
have no heart failure, recurrent ischemia, or significant ven-
tricular arrhythmias may be discharged after a submaximal
exercise test at 3 to 5 days. Patients who have experienced
any complications require a more prolonged hospitaliza-
tion, with discharge dependent on clinical stability after
appropriate medical and surgical interventions.

Before discharge, all patients and families should receive
education regarding medications, secondary prevention, and
risk factor modification. All patients should be discharged
on aspirin, a �-blocker, a statin, and, if indicated, an ACE in-
hibitor. Patients should be instructed on how to use sublin-
gual nitroglycerin. Patients with significant LV dysfunction
and heart failure may also require a diuretic, a selective al-
dosterone antagonist, an ICD, and/or digitalis. Risk factor
changes include dietary modification, lipid lowering medi-
cations, smoking cessation, blood pressure and diabetic
management, weight loss, and exercise, if indicated. Nico-
tine patches or gum or bupropion are recommended (along
with counseling) to aid in smoking cessation. Patients
should receive instructions regarding physical activity in the
immediate post-MI period. Low-level ambulation and aero-
bic activity should be encouraged, but isometric exercises
such as heavy lifting should be avoided. Most patients
should enroll in a cardiac rehabilitation program that in-
cludes both supervised physical exercise and education.

Patients should undergo a symptom-limited exercise
test at 3 to 6 weeks, with subsequent follow-up by a cardiol-
ogist. Because significant improvement in LV function has
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been observed in serial echocardiographic studies obtained
in the peri- and post-infarction setting, many cardiologists
obtain a follow-up assessment of ventricular function at 6
weeks post-MI.

ASSESSMENT AND MANAGEMENT
OF THE PATIENT PRESENTING WITH
MYOCARDIAL INFARCTION DURING
A HOSPITALIZATION

MI in patients hospitalized for other illnesses or surgery can
present with atypical signs and symptoms, including hy-
poxia, nausea and vomiting, hypotension, mental status
changes, and heart failure on examination or chest radiog-
raphy. In the setting of postoperative anesthesia/analgesia
and ICU sedation, symptoms may be difficult to elucidate.
Therefore, careful interpretation of the ECG and measure-
ment of cardiac enzymes, especially troponin T or I, after
surgery may be useful. In addition, echocardiography to
assess regional wall motion abnormalities may aid in the
diagnosis. All patients should receive �-blockers, in addi-
tion to aspirin and heparin, if not contraindicated. Reper-
fusion therapy with thrombolytic agents or primary PCI
(especially in a patient who has undergone noncardiac
surgery) should be considered for patients in whom the MI
began within the last 24 hours or in whom symptoms per-
sist. Because diagnostic uncertainty is common, cardiac
catheterization is often required in patients presenting with
an MI during hospitalization. In hemodynamically unsta-
ble patients, invasive monitoring with a pulmonary artery
catheter may be used to assess filling pressures and cardiac
output before and during pharmacologic management.

COST CONSIDERATIONS AND
RESOURCE USE

For the treatment of MI, issues regarding cost and resource
use are complex. Clinical investigators have applied cost-
effectiveness analysis to a number of randomized clinical
trials to help guide physician practice. Compared with t-PA
treatment, reperfusion by primary PCI improves clinical
outcome with similar or reduced costs; total hospital
charges, including the cost of cardiac catheterization and
physician charges for PCI, were not significantly different
from those of patients treated with t-PA ($27,653 �

$13,709 vs. $30,227 � $18,903; p � .21) (18). The choice
of thrombolytic agent also has significant cost implications.
Patients who received t-PA had higher costs ($2,845) but
also a higher survival rate (9 to 10 lives saved per 1,000 pa-
tients treated) than did SK-treated patients; the cost of t-PA
was $32,678 per year of life saved, a dollar amount that
compares favorably with that of other therapies whose
added medical benefit for dollars spent has been judged by
society to be worthwhile (19). In the GUSTO trial, Canadian

patients underwent fewer invasive cardiac procedures and
had fewer visits to specialists, but Canadian patients also
had more cardiac symptoms and worse functional status 1
year after acute MI than the U.S. patients did. Cost issues will
remain paramount as newer therapies, such as glycoprotein
IIb/IIIa inhibitors and drug-eluting coronary stents, add sig-
nificant charges (approximately $500–1,000 and $3,200,
respectively). However, by significantly reducing ischemic
events and the need for repeated revascularization, these
technologic innovations may be cost-effective.

In treating an individual patient, the treating physician
has a significant impact on cost considerations with respect
to length of stay. Critical pathways (Figures 38.2 and 38.3)
provide a safe, streamlined approach to shortening hospi-
tal stays.

KEY POINTS

■ The ECG and a focused history and physical examination
are critical for early triage and treatment decisions.

■ Recanalization therapy with primary PCI or fibrinolysis is
indicated in all patients with ST-elevation myocardial in-
farction seen within 12 hours of the onset of symptoms.

■ Routine coronary angiography with revascularization as
indicated (an early aggressive strategy) improves out-
comes in NSTEMI.

■ Aspirin, �-blockers, and intravenous heparin are recom-
mended in all patients who lack contraindications.

■ Angiotensin-converting enzyme inhibitor therapy is
often beneficial.

■ Patients should be monitored for arrhythmia, heart fail-
ure, recurrent chest pain, and mechanical complications.

■ Risk stratification should be performed before discharge.
■ Risk factor management (especially aggressive lipid-

lowering therapy, smoking cessation, and blood pressure
control) is routinely indicated.

■ Cardiac rehabilitation is usually beneficial.
■ To assess the process of care, the following data should

be collected: monitor door-to-needle time (goal: �30
minutes); monitor door-to-balloon time (goal: �120
minutes); maximize �-blocker, aspirin, angiotensin-
converting enzyme inhibitor, and statin use; assess per-
centage of patients who undergo exercise testing for risk
stratification; monitor cardiac catheterization and revas-
cularization rates; tabulate length of stay for low- and
high-risk patients.
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Heart Failure
Carey D. Kimmelstiel David DeNofrio
Marvin A. Konstam

INTRODUCTION

In addition to being a disabling and life-threatening condi-
tion, heart failure represents an ever-increasing financial
burden to society. More than 5 million Americans carry the
diagnosis of heart failure, and 400,000 new cases are dis-
covered annually (1). The prevalence has steadily increased
during recent years, and heart failure now represents the
single most frequent diagnosis leading to hospitalization in
patients older than age 65 (2).

Guidelines on the evaluation and management of pa-
tients with heart failure have been published by several en-
tities, most notably the American College of Cardiology
(ACC) and the American Heart Association (AHA). The
ACC/AHA guideline categorizes patients into clinical sub-
groups of acute decompensation of chronic left ventricular
(LV) failure, acute cardiogenic pulmonary edema, and car-
diogenic shock (3). Although the groupings are useful,
there is a fair amount of overlap in the pathophysiologic
processes and therapeutic principles used in evaluating and
treating these patients.

ISSUES AT THE TIME OF ADMISSION

The most common cause of LV systolic dysfunction in the
United States is ischemic cardiomyopathy. Other causes in-
clude hypertension, valvular disease, and primary cardiomy-
opathies. Regardless of etiology, impairment of LV systolic
function eventuates in a predictable sequence of hemody-
namic and neurohormonal events. Although the precise trig-
gers that activate these neurohormonal systems remain ob-
scure, they are presumably linked to altered hemodynamics
and altered responses of the cardiopulmonary barorecep-

tors. Activation of the sympathetic nervous system can lead
to vasoconstriction, with consequent augmentation of after-
load, which serves to maintain blood pressure at the expense
of further reductions in cardiac output. Increased circulating
levels of antidiuretic hormone lead to augmented preload by
means of salt and water retention; these adaptations aid in
maintaining cardiac output via the Frank-Starling mecha-
nism but often lead to increases in LV filling pressure, which
can cause alveolar edema and resulting dyspnea. Reduction
in cardiac output is associated with reduced renal perfusion
pressure, leading to enhanced formation of angiotensin II
and aldosterone, which lead to further retention of salt and
water in addition to vasoconstriction.

Indications for Hospitalization and Intensive
Care Unit Admission

Published guidelines have delineated the patients with heart
failure who typically benefit from hospitalization (Table
39.1). Patients with cardiogenic shock or with pulmonary
edema that requires intubation require ICU admission.
Other subsets of patients routinely admitted to an ICU are
those in whom heart failure coexists with acute ischemia,
and those with hypoxia or hypotension. Any patient in
whom a pulmonary artery catheter is judged to be necessary
(see later in this chapter) requires hospitalization in an ICU.

Initial Evaluation

General Principles

The initial evaluation and therapy of patients with acute
heart failure proceed in tandem. It is important to clarify
the precipitating cause and underlying disease in order to

39

26410 ch 039  3/12/05  3:01 PM  Page 359



define the severity of the syndrome, to estimate prognosis,
and to create a therapeutic protocol for all patients ad-
mitted with this syndrome. If an acute intervening prob-
lem has caused or led to acute heart failure, therapy must
be targeted to the underlying disorder. Examples of such
underlying causes include acute myocardial ischemia
(MI), rapid atrial fibrillation, uncontrolled hypertension,
valvular heart disease such as mitral or aortic stenosis,
pulmonary embolism, pericardial constriction, sepsis, se-
vere anemia, hyperthyroidism, and hypothyroidism
(Table 39.2).

CLINICAL PRESENTATIONS

Acute Decompensation of Chronic 
Heart Failure

In this patient population, a directed history most fre-
quently reveals a prior history of LV dysfunction. More than
half of the patients have a prior MI as a cause of LV dys-

function. The clinical evaluation most frequently reveals
signs and symptoms of pulmonary or systemic vascular
congestion and low cardiac output. Patients often report in-
creasing dyspnea on exertion and sometimes even at rest,
fatigue, orthopnea, increasing edema, or paroxysmal noc-
turnal dyspnea, with most patients having symptoms for
days to weeks before hospitalization (Figure 39.1). Physical
examination frequently reveals elevated jugular venous
pressure, pitting edema, and hepatomegaly. Chest auscul-
tation commonly reveals pulmonary crackles. Cardiac ex-
amination frequently finds an inferolaterally displaced and
sustained apical impulse, tachycardia, gallop rhythms, and
systolic murmurs of mitral or tricuspid regurgitation.

In the initial evaluation of the patient with decompen-
sation of chronic heart failure, it is critical to look for a pre-
cipitating cause. In addition to previously noted disorders,
poor compliance with medications or diet contributes to
half or more of admissions. Adverse drug effects (e.g., non-
steroidal anti-inflammatory agents or medications, such as
antibiotics, that contain a high concentration of sodium)
are another common precipitant. In a substantial percent-
age of patients, however, no specific precipitant can be
found because the decompensation relates to the progres-
sive natural history of the underlying disease process.

In the patient with decompensated chronic heart failure,
the most useful diagnostic information comes from a di-
rected history and physical examination. In some patients,
the history and physical examination may be inconclusive
in assessing the cause of acute dyspnea. Rapid measure-
ment of B-type natriuretic peptide (BNP) can help distinguish
heart failure from other causes of dyspnea because a value
�100 pg/mL makes heart failure very unlikely (4). There-
fore, the use of BNP measurements in this setting can re-
duce unnecessary hospitalization and the costs of care (5).
Conversely, an initial BNP level �200 pg/mL in the emer-
gency department predicts a worse 90-day outcome (6).
Routine blood work should exclude anemia, renal insuffi-
ciency, electrolyte disorders, and liver dysfunction. Electro-
cardiography should be performed, and there should be a
low threshold for measuring cardiac biomarkers if there is
any possibility that acute MI may have precipitated clinical
deterioration. All patients should undergo noninvasive
testing, usually with echocardiography or alternatively with
radionuclide ventriculography, to assess LV function
(Chapter 36), unless this measurement is already known. If
the ejection fraction has already been demonstrated to be
low, repeated testing is of less value unless there is a need
to document possible further deterioration.

Some patients with heart failure have normal systolic
function but abnormal diastolic function that causes high
filling pressure and a clinical picture that is often undistin-
guishable from heart failure caused by reduced systolic
functions (7). Patients hospitalized with diastolic heart
failure are more likely to be older women than those with
systolic heart failure (8). The entity of diastolic heart failure
remains mostly a clinical diagnosis, often supported by
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TABLE 39.1
INDICATIONS FOR HOSPITAL ADMISSION FOR
HEART FAILURE

• Evidence for acute myocardial ischemiaa

• Pulmonary edema or severe respiratory distressa

• Hypoxiaa

• Associated acute illness
• Hypotension/cardiogenic shocka

• Syncope
• Anasarca
• Heart failure refractory to oral medications
• Need for pulmonary artery catheterization (Table 39.4)a

a These are also indications for intensive care unit admission.

TABLE 39.2
SOME COMMON PRECIPITATING CAUSES OF
HEART FAILURE

• Myocardial ischemia or infarction
• Atrial fibrillation or other supraventricular tachycardias
• Uncontrolled hypertension
• Valvular disease
• Ventricular tachycardia
• Pulmonary embolism
• Pericardial disease
• Sepsis
• Anemia
• Nutritional and medical noncompliance
• Adverse drug effects
• Hyperthyroidism or hypothyroidism
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BNP levels but without reliable, universally accepted
echocardiographic criteria (9).

In patients hospitalized with heart failure, anemia is a
risk factor for adverse outcomes, and limited data suggest
that treatment is beneficial (10). Both renal function and
the hematocrit should be routinely measured and followed
during the hospitalization.

Myocardial ischemia in the absence of a frank MI may
precipitate acute heart failure. In such patients, especially
those with rest angina or exercise-limiting symptoms, coro-
nary angiography should be performed, followed when
possible by revascularization. Several studies have demon-
strated the value of documenting myocardial viability as a
guide for selecting patients for revascularization and for
predicting subsequent outcomes. These studies have
generally indicated lower rates of adverse events after revas-
cularization in selected patients with heart failure.

Pulmonary Edema

Acute pulmonary edema represents a medical emergency,
and its diagnosis is usually clear from the history and
physical examination, although a chest radiograph may

sometimes be required for diagnosis. In patients with car-
diogenic pulmonary edema, a relatively acute elevation in
LV filling pressure (pulmonary capillary wedge pressure)
secondary to LV dysfunction leads to transudation of fluid
from pulmonary capillaries into the lung interstitium. As
a consequence of this process, pulmonary compliance
declines, and subjective breathlessness, frank hypoxia, or
both, ensue. Physical examination usually reveals diffuse
pulmonary rales. Cardiac examination is frequently diffi-
cult because of the patient’s clinical status and labored
breathing, but it often shows tachycardia with a third or
fourth heart sound or a summation gallop. The extremi-
ties are often cool and diaphoretic, reflecting the low
cardiac output with shunting of blood away from the
periphery.

Occasionally, patients with pulmonary edema are mis-
takenly thought to have a pulmonary infectious process
such as pneumonia (Chapters 65 and 66). Although pa-
tients with pulmonary edema are at risk for pulmonary sep-
sis, purulent cough and hyperpyrexia are typical in pneu-
monia. Exacerbations of chronic obstructive pulmonary
disease (COPD) (Chapter 55) are usually not difficult to
distinguish from pulmonary edema. Prominent use of ac-
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Figure 39.1. Number of days from onset of selected heart failure symptoms to hospital admis-
sion: cumulative percentage of patients.
Reprinted with permission from Schiff GD, Fung S, Speroff T, et al. Decompensated heart failure:
symptoms, patterns of onset, and contributing factors. Am J Med 2003;114:625–630.
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cessory muscles of respiration, marked diminution of
breath sounds, hyperresonance to percussion, subxiphoid
location of the apical impulse, and a flattened diaphragm
are all common in decompensated emphysema and un-
usual in pulmonary edema. Similarly, hypercarbia and
cyanosis in the setting of a history of productive cough are
commonly seen in decompensated chronic bronchitis but
are not usually seen in patients with pulmonary edema.
Cardiogenic pulmonary edema must be distinguished from
noncardiogenic pulmonary edema (also known as acute respi-
ratory distress syndrome, or ARDS), which is not secondary
to poor LV performance with deranged hemodynamics but
rather occurs as a consequence of altered capillary perme-
ability, usually in the setting of trauma, sepsis, or aspiration
(Chapter 24).

Cardiogenic Shock

Cardiogenic shock, which is defined as cardiogenic hy-
potension accompanied by fluid overload and pulmonary
edema, represents a medical emergency that most
commonly is caused by an acute MI. Cardiogenic shock de-
velops when approximately 40% of the LV is affected by
current or repetitive ischemic insult and occurs in about
10% to 15% of patients with acute MI (Chapter 38). Clini-
cally, the diagnosis is usually not difficult to recognize. Pa-
tients present most frequently with hypotension, tachycar-
dia, tachypnea, rales, and a reduced pulse pressure. When
hypotension is not associated with pulmonary congestion,
the diagnosis of cardiogenic shock cannot be made unless
and until the low blood pressure fails to respond to the
documented achievement of adequate left ventricular fill-
ing pressures. Signs of diminished cardiac output include
diaphoresis, cool extremities, and confusion. Tissue hy-
poperfusion and pulmonary congestion usually cause hy-
poxia and a metabolic acidosis.

Indications for Early Consultation

Prompt specialty consultation (Table 39.3) is especially im-
portant in patients who are thought to have ongoing
ischemia or a mechanical complication of a myocardial in-
farction (MI) as a precipitant of decompensation. In these
patients, early catheterization can aid in the choice of ap-
propriate and often life-saving therapies, such as revascu-
larization or valve repair.

Pulmonary Artery Catheterization

Although not routinely indicated, a pulmonary artery
catheter can help diagnostically and therapeutically when
there is uncertainty regarding a cardiogenic etiology, when
there is concomitant pulmonary congestion and low or

borderline blood pressure or hypoperfusion, or when the
patient has acute ischemia or MI that is thought to be com-
plicated by acute mitral regurgitation or ventricular septal
rupture (Table 39.4). Hemodynamic data derived from
pulmonary artery catheters are also useful in patients
whose clinical courses deteriorate despite application of
appropriate therapies, and such data can help to guide ther-
apy in patients in whom volume status cannot be reliably
ascertained because of coexisting conditions such as mor-
bid obesity or obstructive lung disease. It must be remem-
bered, however, that a pulmonary artery catheter provides
diagnostic information and is not in itself therapeutic
(Chapter 25). The duration of catheterization should be
minimized to avoid complications.

MEDICAL TREATMENT

General Principles

The goals of therapy in acute heart failure are to correct the
hemodynamic derangement leading to decompensation
while simultaneously improving symptoms. In all cases,
the diagnosis of heart failure implies that pulmonary or
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TABLE 39.3
INDICATIONS FOR EARLY CONSULTATION

• Failure to improve clinically
• Myocardial ischemia
• New murmur
• Abnormal renal function
• Uncontrolled hypertension
• Heart failure with normal left ventricular function
• Heart failure complicated by shock

TABLE 39.4
SITUATIONS IN WHICH PULMONARY ARTERY
CATHETERIZATION MAY BE BENEFICIAL IN
PATIENTS WITH HEART FAILURE

• Uncertain etiology of pulmonary edema
• Pulmonary congestion with any of the following:

hypotension
acute ischemia or infarction
acute mitral regurgitation
ventricular septal rupture

• Clinical deterioration despite application of usual therapy
• Uncertain volume status
• Oliguria
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systemic venous pressure is elevated, with or without re-
duction in cardiac output and blood pressure. Therapy,
therefore, is directed at reducing venous pressure by the use
of diuretics, venodilators, or both.

Whenever filling pressures are elevated or a significant
amount of extravascular fluid (pulmonary or peripheral
edema, or ascites) is present, diuresis should be attempted.
In the presence of renal dysfunction or hypoperfusion, in-
travenous (IV) inotropic agents and vasodilators and/or
diuretics should be used concomitantly. The response to
therapy in these patients often suggests that their ventricles
had been on the descending limb of the Starling curve; that
is, a reduction in filling pressures improves cardiac perfor-
mance through reductions in tricuspid and mitral regurgi-
tation and relief of ventricular-interdependent constraints
on LV filling. Diuresis-induced reduction in right-sided
pressures may improve effective LV compliance, thereby
improving cardiac output and renal perfusion. Agents with
inotropic and arteriolar dilating action may also be used if
a low-output state exists and diuretics are found to be inef-
fective or exacerbate renal dysfunction.

The hospitalization is also a crucial time to initiate or
titrate chronic pharmacologic therapies that will have long-
term benefit, including an angiotensin-converting enzyme
(ACE) inhibitor (or other vasodilator if ACE inhibitors can-
not be used), a �-blocker, and often an aldosterone antag-
onist. Device therapies also should be considered.

Although there is a great deal of individual variability,
the hemodynamic goals of therapy are generally to main-
tain blood pressure above 90 mm Hg (preferably �100
mm Hg), pulmonary capillary wedge pressure below 20
mm Hg, and right atrial pressure below 10 mm Hg. In pa-
tients with chronic heart failure and systolic dysfunction,
the pulmonary capillary wedge pressure may be persis-
tently elevated, and “normal” filling pressures may not be
achievable without inducing or aggravating shock.

Acute Decompensation of Chronic 
Heart Failure

Diuretics

Patients who require hospitalization are often unrespon-
sive to oral diuretics, possibly because of malabsorption
resulting from bowel edema. The recommended initial ap-
proach is therefore to use IV loop diuretics, such as
furosemide. These agents usually begin to reduce right ven-
tricular (RV) and LV filling pressures within 5 minutes
because of rapid venodilation. Diuresis follows shortly
thereafter and continues for up to 3 hours following IV ad-
ministration.

Therapy typically begins with an IV furosemide dose
equal to the usual oral dose, followed by upward titration;
doses are increased as required to effect diuresis and lower
filling pressures. In patients not previously receiving di-

uretics, low-dose therapy (e.g., 20 to 40 mg of furosemide)
is initially recommended. In patients on chronic high-dose
oral diuretic therapy, even IV agents may not yield a rapid
diuresis. This refractoriness may be a consequence of di-
minished renal perfusion or renal tubular dysfunction in-
duced by the nephrotoxic effects of medications such as
aspirin and nonsteroidal anti-inflammatory drugs, antihy-
pertensive agents, cimetidine, and occasionally ACE in-
hibitors. When there is no response within 1 hour after IV
administration of a diuretic, the dose is increased by 50%
to 100% and readministered. When patients exhibit resis-
tance to initial therapy with intermittent parenteral doses
of loop diuretics, alternatives include a continuous infu-
sion (often 5 to 10 mg/h) of a loop diuretic, such as
furosemide, or the combination of a loop diuretic with a
thiazide diuretic (e.g., metolazone) that acts synergistically
at a different segment of the nephron. If these alternatives
fail or if diuresis is accompanied by increasing renal dys-
function, attempts should focus on increasing cardiac out-
put with inotropic agents or reducing resistance to renal
perfusion with dopaminergic doses of dopamine (�2 g/kg
per minute). In truly refractory cases with escalating renal
failure, dialysis is the only alternative.

As long as filling pressures are elevated and a significant
amount of extravascular fluid (edema, ascites, pulmonary
fluid) is present, diuresis should be continued. Diuresis-
induced reduction in right-sided pressures may improve ef-
fective LV compliance, thereby improving cardiac output
and renal perfusion. Reductions in ventricular filling pres-
sures will also improve cardiac performance if tricuspid or
mitral regurgitation is reduced.

Angiotensin-Converting Enzyme (ACE)
Inhibitors

ACE inhibitors should be considered a distinct class of
drugs with vasodilator effects, instead of simply a subgroup
of vasodilators. The long-term effectiveness of these agents
in reducing morbidity and mortality in patients with heart
failure and a reduced LV ejection fraction has been docu-
mented more clearly than that of any other class of agents
(3). They have unequivocally been demonstrated to im-
prove survival, reduce the frequency of hospitalization, pre-
vent disease progression, and improve quality of life in
both symptomatic and asymptomatic patients with ven-
tricular systolic dysfunction and heart failure. At least some
of these benefits are likely to be mediated by myocardial
and vascular effects, including prevention or regression of
myocardial and possibly vascular remodeling, independent
of afterload reduction.

In the setting of an acute exacerbation of heart failure,
vasodilation is most practically achieved with direct, short-
acting vasodilators, such as nitrates, rather than with ACE
inhibitors, which have relatively long half-lives and tend to
reduce the glomerular filtration rate by means of renal
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efferent arteriolar dilation. However, given the clear long-
term benefit of ACE inhibitors, one of the goals of hospitalization
should be to initiate and titrate ACE inhibitors toward the target
doses that have been identified in large-scale clinical trials and
in clinical practice guidelines (Table 39.5). ACE inhibitors
should be introduced and titrated carefully in patients with
marginal renal function and blood pressure. Other adverse
effects include cough, which is seen in about 5% more pa-
tients treated with these agents than with placebo in ran-
domized trials, and, rarely, angioedema. Treatment is often
initiated with a shorter-acting agent, such as captopril, be-
fore or after hospital discharge; however, most patients can
be switched to a longer-acting agent, such as enalapril,
lisinopril, quinapril, or ramipril, to maximize long-term
compliance.

Angiotensin Receptor Blockers

Angiotensin receptor blockers (ARBs) directly inhibit the
angiotensin II (AT1 type) receptor and do not induce cough
as a side effect. These agents reduce mortality in patients
who cannot tolerate an ACE inhibitor by about the same
25% seen for ACE inhibitors compared with placebo (11,
12), and in head-to-head studies, ARBS are at least equiva-
lent to ACE inhibitors (13, 14). Although data are not con-
clusive, recent studies also suggest that ARBs can further re-
duce adverse outcomes by about 15% when added to an
ACE inhibitor (15).

Based on aggregate data, it is reasonable to conclude first
that the benefit on cardiovascular morbidity and mortality
of primary ARB therapy is extremely close to that of ACE in-
hibitors. Although some believe that ACE inhibitors should
remain the first-line therapy in patients with heart failure,
and cost is a factor, ARBs are better tolerated, and some
contend that these agents are an acceptable alternative first-
line therapy. Second, ARBs should routinely be prescribed
in patients who are intolerant of ACE inhibitors because of
cough or angioedema. Third, the combination of ACE in-
hibitors and ARBs remains controversial. For patients in
whom addition of an aldosterone blocker is indicated (see
below), there are insufficient supportive data (and reason
for safety concern) regarding the combination of an ACE
inhibitor, an ARB, and an aldosterone blocker. At present,
many would contend that addition of either an aldosterone
blocker or an ARB (but not both) should be tried in pa-
tients already receiving an ACE inhibitor and a �-blocker
and whose potassium levels are not elevated and can be
closely followed.

Other Combinations

The combination of hydralazine and isosorbide dinitrate
diminishes mortality and improves LV performance in
heart failure when compared with placebo, but this combi-
nation did not achieve the same level of survival benefit as
an ACE inhibitor in the largest study. In African American

patients, however, the combination of hydralazine and ni-
trates may be substantially more effective than in whites,
with a benefit that appears to be at least of the magnitude
found with ACE inhibitors (16). Whether this combination
will become first-line therapy in African Americans will de-
pend on clinical experience and side effects. In whites, the
combination of hydralazine and isosorbide dinitrate
should be considered a reasonable alternative only in pa-
tients who cannot tolerate either an ACE inhibitor or an-
giotensin receptor blocker therapy.

�-blockers, Aldosterone Receptor Blockers, 
and Digoxin

In patients with heart failure and reduced LV systolic func-
tion, augmented adrenergic tone may be helpful in the
short term but cause long-term complications. Results with
carvedilol (3.125 mg twice daily titrated up to 25 mg twice
daily based on the patient’s clinical condition, blood pres-
sure, and heart rate), bisoprolol (1.25 mg daily titrated to 5
to 10 mg daily), and long-acting metoprolol (Table 39.5)
document long-term benefit in reducing morbidity and
mortality. Carvedilol appears to be the preferred �-blocker
(17). These agents should be considered when patients are
otherwise euvolemic and well compensated, usually a day
or two before (18) or in the first week or so after hospital
discharge. �-blockers have no documented short-term ben-
efit, can be deleterious during an acute exacerbation, must
be used cautiously in patients with bradyarrhythmias, but
have been shown to be beneficial in patients with mild,
moderate, and severe symptoms (i.e., including class IV) of
heart failure (19).

Spironolactone 25 mg per day reduces morbidity and
mortality when added to standard care for class III or IV
heart failure (20). Gynecomastia will develop in about
10% of men. Hyperkalemia is uncommon even with con-
comitant ACE inhibitors. More recently, in patients with
post-infarction heart failure, the addition of the selective
aldosterone receptor antagonist eplerenone to standard
therapy, on top of treatment with an ACE inhibitor and �-
blocker, has been documented to reduce mortality (21). It
is essential that serum potassium and renal function be
carefully monitoring following initiation of treatment and
during titration of aldosterone receptor blockers because a
substantial minority of patients will develop sufficient hy-
perkalemia to mandate discontinuation of the aldosterone
receptor antagonist.

Clinical trials have confirmed the long-term benefit of
digoxin in preventing recurrent hospitalization and im-
proving symptoms and functional capacity in patients with
heart failure (22); it does not, however, reduce mortality.
Although there is no evidence for a benefit of digoxin in the
setting of an acute exacerbation, it is reasonable to initiate
treatment during hospitalization, in the absence of abnor-
mal atrioventricular conduction (first-, second-, or third-
degree heart block or slow ventricular response to atrial
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TABLE 39.5
MEDICATIONS USED IN THE TREATMENT OF HEART FAILURE

Agent Usual initial dose Target dosea Comments

Diuretics
Furosemide 20–200 mg IV Titrate to clinical May cause metabolic alkalosis.

intermittent therapy response When used with ACE inhibitors, may cause deterioration
5–10 mg/h in renal function.

continuous infusion
20 mg qd–240 mg bid PO

Bumetanide 0.5–3.0 mg IV Titrate to clinical Same as furosemide.
0.5 mg qd–10 mg qd PO response

Ethacrynic acid 5–100 mg IV Titrate to clinical Beware of ototoxicity.
(0.5–1.0 mg/kg) response
50 mg qd–200 mg bid PO

Metolazone 2.5–10 mg qd PO Titrate to clinical Enhanced sodium excretion when combined with loop
response diuretics.

Inotropic/vasopressor agents
Dobutamine 2.5–20 mcg/kg per minute IV Titrate to clinical Increases in contractility and stroke volume do not lead to

response increased myocardial oxygen consumption because of
reduction in afterload and filling pressures. Major
concerns relate to tachycardia and arrhythmogenesis.

Milrinone Initial 50-mcg/kg bolus over Titrate to clinical Dose reduction necessary in presence of renal dysfunction.
continuous infusion at 10 min, response Greater vasodilatory potency than dobutamine, which
followed by 0.25–1.0 mcg/kg may cause more profound reductions in filling pressures
per minute and BP. Major concerns related to tachycardia and

arrhythmogenesis.
Dopamine 1–20 mcg/kg per minute Titrate to clinical Dopaminergic doses (�2 mcg/kg per minute) promote

response renal and splanchnic vasodilation. Doses of 2–10
mcg/kg per minute are primarily inotropic. At 10–20
mcg/kg per minute, vasoconstriction predominates.

Norepinephrine 2–12 mcg per minute Titrate to clinical May reduce cardiac output because of increased afterload.
response

Digoxin 0.125–0.375 mg Titrate to clinical Narrow therapeutic-toxic ratio. Serum level increased by
response many medications. Dose adjustment necessary in renal 

dysfunction.

Vasodilators
Nitroglycerin 0.3–0.6 mg SL Titrate to clinical Continuous therapy for �24 h leads to tolerance.

response
0.2–10 mcg/kg per minute IV

Nitroprusside 0.2–10 mcg/kg per minute Titrate to clinical Is light-sensitive. Must be carefully titrated to BP.
response

Hydralazine 10–75 mg qid PO Titrate to clinical Used in combination with oral nitrates in African- 
response American patients and other patients intolerant to ACE

inhibitors and angiotensin receptor blockers. Can cause
tachycardia and lupus-like syndrome.

Nesiritide 2 mcg/kg bolus Titrate to clinical May cause hypotension. Prolonged infusions of �48 hour
response have been poorly studied.

0.01–0.03 mcg/kg/min

ACE inhibitors
Enalapril 2.5–10 mg bid 10–20 mg bid Reduction in dose or increase in dosing interval may be
Captopril 6.25–50 mg bid 50 mg tid necessary in renal failure. Cough relatively frequent
Lisinopril 5–20 mg qd 20–35 mg bid (about 5%) side effect.
Quinapril 5–20 mg bid Not established
Ramipril 1.25–5 mg bid 5 mg bid

(continued) 
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fibrillation). A loading dose is not necessary. Treatment can
begin with a dose of 0.25 mg/d; lower doses should be used
in the setting of reduced renal function or concern regard-
ing atrioventricular conduction. No data support the use of
serum levels to guide the digoxin dose. In addition, it is not
clear that higher doses are more efficacious than lower ones
in the clinical management of heart failure.

Limited data suggest that the acute use of a vasopressin an-
tagonist may be useful in hospitalized patients whose heart
failure does not respond to standard measures (23). How-
ever, the therapy remains experimental at the current time.

Pulmonary Edema

In the presence of acute pulmonary edema, nitrate therapy
may be begun with sublingual nitroglycerin, which, in the
absence of hypotension, can be repeated at 5- to 10-minute
intervals (Table 39.6). Nitroglycerin is especially useful in
patients with known or possible myocardial ischemia. On-
going treatment may then be initiated with IV nitroglyc-
erin. More effective afterload reduction may be achieved
with IV nitroprusside. This agent should particularly be
considered when blood pressure is normal (�110 mm Hg
systolic) or elevated.

In patients who have pulmonary edema and who are
experiencing ongoing dyspnea at rest, morphine sulfate given
in doses of 2–6 mg IV can alleviate symptoms by reducing
preload and relieving anxiety while more definitive therapy
is being prepared. Care should be taken to avoid hypo-
tension. Morphine should be used with great caution in pa-
tients with obstructive lung disease, especially those with
respiratory acidosis.

Arteriolar dilation with ACE inhibitors, nitroglycerin, ni-
troprusside, nesiritide, or low-dose (�2 mcg/kg per

minute) dopamine reduces afterload, augments cardiac
output, increases renal perfusion, and improves responsive-
ness to diuretics. Nitrates also act as systemic and
pulmonary arteriolar dilators, thereby reducing ventricular
afterload. Nitrates may reduce myocardial oxygen demand
via a decrease in wall stress. In addition, nitroglycerin acts
as a coronary arterial dilator, increasing coronary blood
flow in the presence of coronary artery disease. Nitroglyc-
erin (1–50 mcg/kg/min) is suggested in patients with un-
derlying ischemic heart disease. Nesiritide (2 mcg/kg bolus,
followed by 0.01–0.03 mcg/kg/min) can also be used, al-
though experience with it remains more limited. Inotropic
agents, including dobutamine, dopamine, epinephrine,
norepinephrine, and milrinone, increase cardiac output
and peripheral perfusion and are indicated instead of or in
addition to vasodilators in patients with marginal blood
pressure.
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TABLE 39.5
MEDICATIONS USED IN THE TREATMENT OF HEART FAILURE (continued)

Agent Usual initial dose Target dosea Comments

Angiotensin II (AT1 type) receptor antagonists
Losartan 25–50 mg qd PO Not established Used in patients intolerant to ACE inhibitors or sometimes
Valsartan 80–160 mg qd PO Not established in those who need it added to an ACE inhibitor.

�-Blocking agents
Carvedilol 3.125–25 mg bid 25–50 mg bid Not for use in acute heart failure; indicated in patients with
Metoprolol 12.5–25 mg qd 200 mg qd NYHA class II–IV heart failure resulting from systolic
Bisoprolol 1.25–5 mg qd 10 mg qd dysfunction.

Aldosterone antagonists
Spironolactone 12.5–25 mg qd 25 mg qd Data indicate incremental benefit.
Eplerenone 25–50 mg qd 50 mg qd Data indicate benefit in post-infarction LV dysfunction.

a Dose shown to be beneficial in randomized trials. This dose often is not achievable acutely in the hospital, but it should be the goal in patients with
chronic heart failure unless they cannot tolerate it.

TABLE 39.6
TREATMENT APPROACH TO 
PULMONARY EDEMA

• Supplemental oxygen.
• Nitrate therapy: initially sublingual, then IV—induces venodila-

tion, which reduces filling pressures and relieves myocardial is-
chemia. If hypertension is present, use nitroprusside.

• Morphine sulfate—initial therapy for preload reduction and
anxiety reduction.

• IV diuresis—reduces alveolar edema.
• Inotropic therapy (e.g., dopamine, dobutamine) in presence of

hypotension, low cardiac output.
• Actively investigate possibility of myocardial ischemia and treat

if present.
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Cardiogenic Shock

For additional discussion of cardiogenic shock, the reader
is referred to Chapter 25.

Pharmacologic management of heart failure in the
presence of both hypotension and elevated filling pres-
sures includes diuresis to relieve pulmonary and systemic
venous congestion as well as inotropic therapy to increase
cardiac output and systemic perfusion (Table 39.7). One
approach is to use furosemide with dopamine, the latter at a
dose of 5.0 mcg/kg per minute with upward titration as
necessary (Table 39.5). Although the target systolic blood
pressure is generally �90 mm Hg, this target must be tai-
lored to the individual patient. Some patients manifest
clinical hypoperfusion at a systolic blood pressure of 90
to 95 mm Hg, whereas others may be well compensated
at a systolic pressure of 85 mm Hg or even slightly lower.
Dopamine doses in excess of those required to maintain
adequate blood pressures should be avoided because the
progressive �-adrenergic agonism at increasing doses will
reduce cardiac output through excessive afterload.
Dopamine is dosed based on lean rather than actual
weight. If increased doses of dopamine do not improve
blood pressure, addition of a more selective �-adrenergic
agonist, such as norepinephrine, should be considered.
However, high-dose dopamine, norepinephrine, and
other vasoconstrictors should be used judiciously so as to
maintain adequate systemic and myocardial perfusion be-
cause progressive increases in afterload raise myocardial
oxygen demand and diminish renal blood flow. Nor-
epinephrine is usually initiated at a dose of 2 mcg/min

and titrated to blood pressure, with the dose usually in-
creased every 15–20 minutes to a maximum of approxi-
mately 12 mcg/min.

Agents with both inotropic and vasodilator actions,
such as dobutamine and milrinone, are valuable adjunctive
agents. They reduce left- and right-sided filling pressures
while augmenting cardiac output without reducing systolic
blood pressure to the extent that pure vasodilators do.
These agents may be combined with vasodilators when
clinical or hemodynamic improvement is not otherwise
achieved, particularly in diuretic-resistant patients. Long-
term dobutamine infusion can be considered in refractory
patients (24).

In patients in whom medical therapy is not successful in
improving clinical status, intraaortic balloon counterpulsation
should be considered, principally in patients with an iden-
tifiable, reversible precipitant of cardiogenic shock, espe-
cially if emergent percutaneous PCI coronary intervention
(PCI ) is not feasible. This technique improves tissue and
coronary perfusion through augmentation of diastolic
pressure, and it decreases ventricular afterload. The result is
improved cardiac output and reduced myocardial oxygen
consumption. Intraaortic balloon counterpulsation is
specifically indicated in the setting of severe acute mitral re-
gurgitation or ventricular septal rupture, situations in
which considerable benefit may be derived from reduction
in aortic impedance. It is contraindicated in the presence of
significant aortic regurgitation because of the adverse effect
of increases in aortic diastolic pressure.

DEVICE THERAPY FOR HEART FAILURE

Cardiac Resynchronization Therapy

Pacing modalities that use left ventricular stimulation to
optimize cardiac pump function through synchronization
of right and left ventricular contraction are referred to as
cardiac resynchronization therapy. In contrast to dual-
chamber pacemakers, this therapy uses a third lead placed
through the coronary sinus and into a left ventricular free
wall vein to allow simultaneous pacing of the ventricles.
An estimated 30% to 50% of patients with chronic heart
failure have significant intraventricular conduction delay,
which is most often exhibited as a left bundle branch
block pattern. This conduction delay leads to loss of
coordination between right and left ventricular (LV)
contraction.

Several recent studies have demonstrated that cardiac
resynchronization therapy improves patient quality of life,
increases exercise capacity, and lowers NYHA heart failure
classification (25, 26). Based on these data, cardiac resyn-
chronization therapy should be considered in Class III–IV
patients who remain symptomatic despite optimal medical
therapy for heart failure.
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TABLE 39.7
TREATMENT APPROACH TO CARDIOGENIC
SHOCK

• Pulmonary artery catheterization to guide hemodynamic man-
agement.

• Supplemental oxygen/mechanical ventilation in patients with
hypoxia/respiratory embarrassment.

• Blood pressure support (e.g., dopamine) increases cardiac
output and systemic perfusion.

• Inotropic vasodilators (e.g., dobutamine, milrinone) reduce
filling pressures while increasing cardiac output.

• Diuretics (e.g., IV furosemide) relieve pulmonary and systemic
venous congestion.

• IV fluid administration in patients with depleted intravascular
volume.

• Mechanical therapy (e.g., intra-aortic balloon counterpulsation),
which unloads the ventricle while augmenting coronary
perfusion, is recommended when pharmacotherapy is
ineffective in patients with a reversible cause of shock (e.g.,
ischemia). It also can be used as a bridge to definitive therapy
(e.g., PCI in patients with suitable anatomy).

PCI, percutaneous coronary intervention.
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Implantable Cardioverter Defibrillators

For patients with heart failure, as much as half the mortal-
ity resulting from LV systolic dysfunction can be
attributable to sudden cardiac death. In contrast to antiar-
rhythmic agents, which have been either harmful or neutral
when used in the treatment of patients with a prior my-
ocardial infarction and impaired LV function, implantable
cardioverter defibrillators (ICDs) have been of clear benefit
for primary and secondary prevention of sudden death.
Data from large, randomized clinical trials have demon-
strated reduced mortality in patients with both ischemic
and non-ischemic cardiomyopathy who undergo ICD im-
plantation (27, 28). Based on available data, most symp-
tomatic heart failure patients with marked reduction in LV
systolic function should be viewed as candidates for ICD
implantation. Furthermore, the combination of cardiac
resynchronization therapy with an ICD significantly im-
proves survival in patients with advanced heart failure and
a prolonged QRS interval (26).

Ventricular Assist Devices

Ventricular assist device (VAD) therapy is an option for pa-
tients with end-stage heart failure whose symptoms fail to
improve with medical therapy. However, given the risk of
short- and long-term device-related complications follow-
ing implantation, VAD therapy should be considered only
after all meaningful medical therapeutic options have been
exhausted (but before progression to irreversible end-organ
failure has occurred). These devices have been successful as
both a bridge-to-cardiac transplantation and permanent
therapy for patients with end-stage heart failure (29). Two
intracorporeal VADs approved by the U.S. Food and Drug
Administration as a bridge-to-transplantation are the
HeartMate VE (Thoratec, Pleasanton, CA) and the Novacor
LVAS (Novacor World Heart Corporation, Oakland, CA).
Both are pulsatile devices with external controllers and bat-
teries that are connected to the pump by transcutaneous
leads and have a flow rate of approximately 10 liters/min.
These two devices have been very successful when utilized
as a bridge-to-transplantation, with a success rate for sur-
vival to transplant of approximately 70%.

Limitations to existing treatment options for patients
with end-stage heart failure, including the severe shortage of
donor organs, have prompted the use of VADs not only as a
bridge-to-transplantation, but also as an alternative to
transplantation in patients who are ineligible for cardiac
transplantation. One randomized trial showed a 48% re-
duction in the risk of death from any cause with an LVAD
(30), but the frequency of serious adverse events in the de-
vice group was more than double that in the medical ther-
apy group. Based on the results of the REMATCH trial, Medi-
care has approved payment for LVAD use as destination
therapy in patients with chronic end-stage heart disease who
are not eligible for cardiac transplantation (Chapter 40).

PATIENT SUBSETS

Patients with Predominant Right 
Ventricular (RV) Failure

Patients who present with signs and symptoms of RV dys-
function most frequently do so as a consequence of LV
failure. Other causes include direct RV myocardial dysfunc-
tion, RV pressure or volume overload, or impediments to
RV inflow. Examples of RV myocardial dysfunction include
RV MI and dilated cardiomyopathy. RV pressure overload
may be related to chronic LV failure, chronic mitral valve
disease (e.g., mitral regurgitation), or cor pulmonale (e.g.,
COPD, pulmonary emboli). RV volume overload may be
secondary to pulmonic or tricuspid regurgitation, a left-to-
right intracardiac shunt, or other causes.

Clinical findings in RV failure are influenced by the ele-
vated systemic venous pressure and the depressed cardiac
output, and vary depending on the chronicity of these ab-
normalities. Patients with acute RV failure, as may be found
in RV MI and acute pulmonary embolism, may exhibit
signs of low cardiac output and elevated jugular venous
pressure with prominent v waves. Other findings may in-
clude the murmur of tricuspid regurgitation, right-sided S3

gallop, and Kussmaul’s sign. In patients with chronic RV
pressure overload, signs of pulmonary hypertension and
RV hypertrophy are often present, including RV S4 gallop,
RV heave, and a loud pulmonic component to the second
heart sound.

Regardless of the cause, patients with chronic RV failure
most often present with edema and ascites. In addition, vis-
ceral edema may cause signs and symptoms of hepatic, re-
nal, and gastrointestinal dysfunction. Impaired parietal
pleural drainage may lead to pleural effusions.

In patients with chronic RV failure, IV diuretics are use-
ful in decreasing sodium and water retention, central ve-
nous pressure, and edema. Diuretics can improve forward
output by decreasing the degree of tricuspid regurgitation
and by decreasing RV distention, thus reducing a ventricu-
lar-interdependent restraint on LV filling. In addition to
loop diuretics, spironolactone can be effective in reducing
edema resulting from RV failure because activation of the
renin–angiotensin–aldosterone system is involved in
sodium retention in these patients.

Systemic arteriolar dilators useful in LV failure (e.g., ACE
inhibitors, nitrates, nitroprusside) also act as pulmonary va-
sodilators and thus improve RV output by reducing RV af-
terload. Because RV afterload may be augmented by hypoxia
in patients with COPD, supplemental oxygen may decrease
pulmonary hypertension and should be used acutely and
perhaps on a long-term basis in decompensated COPD pa-
tients with RV failure. In addition, bronchodilators may
improve symptoms and RV function in patients with de-
compensated COPD through a combination of bronchodi-
lation, pulmonary vasodilation, and inotropy.
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Concomitant Myocardial Ischemia

Myocardial ischemia or MI can precipitate heart failure by
acutely diminishing systolic and diastolic performance and
by causing mitral regurgitation. It is essential to maintain a
low threshold for considering ischemia as a precipitant of
heart failure because ischemia is reversible by medical ther-
apy or coronary revascularization and because uncorrected
ischemia is associated with a poor prognosis.

Heart failure and active ischemia may present together
in a pathophysiologic vicious cycle. Heart failure is fre-
quently characterized by LV dilation and tachycardia,
which increase myocardial oxygen consumption and can
precipitate ischemia in patients with coronary artery dis-
ease and diminished coronary reserve. Abnormal systolic
and diastolic function lead to elevation in LV diastolic pres-
sure; the resulting reduction in the transcoronary pressure
gradient predisposes to subendocardial ischemia. Con-
versely, acute myocardial ischemia compromises both di-
astolic and systolic LV performance, which leads to a rise in
filling pressures and to symptoms secondary to pulmonary
congestion and low output.

Patients with regional asynergy and global LV dysfunc-
tion may have significant recovery of contractile function
following revascularization with coronary artery bypass
surgery or PCI. Such patients may have severe coronary
stenosis with reduced myocardial blood flow that is ade-
quate to maintain regional myocardial viability but not to
provide normal function at rest or with minimal stress. The
resulting “hibernating myocardium” can regain normal func-
tion following the restoration of myocardial blood flow af-
ter coronary revascularization.

Although there have been no randomized trials of revas-
cularization among patients presenting with heart failure,
revascularization in the setting of LV dysfunction appears to
be associated with lower rates of morbidity and mortality
than medical treatment. In addition, most studies of patients
with angina and LV dysfunction suggest a survival benefit for
those patients who undergo coronary revascularization.

It is currently recommended that heart failure patients
with exercise-limiting angina or recurrent pulmonary edema un-
dergo coronary arteriography and subsequent revascularization
when feasible. Heart failure patients without significant
angina but with a history of MI should undergo a physio-
logic test for myocardial viability (Chapter 36) and, when
appropriate, angiography followed by revascularization.

When acute MI leads to cardiogenic shock, emergent
cardiac catheterization is indicated (Chapter 38). Acute pri-
mary PCI is likely to result in improved survival in com-
parison with thrombolysis (31).

Heart Failure Caused by 
Valvular Heart Disease

For additional discussion of this topic, please see Chapter
41.

Several valvular lesions, when severe enough, can lead
to symptoms of heart failure. Symptomatic patients with
physical or imaging findings suggestive of critical aortic
stenosis have improved survival following aortic valve re-
placement, which also usually improves LV performance.
Medical management can provide short-term benefit but is
not a substitute for prompt valve surgery. Patients with ei-
ther heart failure symptoms or evidence of LV dysfunction
and dilation secondary to chronic aortic regurgitation are best
treated with aortic valve replacement. Therapy with va-
sodilators such as ACE inhibitors, hydralazine, and nifedip-
ine can improve hemodynamics and symptoms of aortic
regurgitation before surgery.

Patients with mitral stenosis should undergo correction
(balloon valvuloplasty, open commissurotomy, or mitral
valve replacement) whenever symptoms become difficult
to manage with a combination of diuretics and heart rate
control. Mitral valve repair or replacement is recom-
mended as soon as it is feasible in acute symptomatic mitral
regurgitation. Patients with chronic mitral regurgitation
should, in general, undergo mitral valve repair or replace-
ment when heart failure symptoms are present or when
diagnostic testing documents abnormal LV function or LV
dilatation (end-systolic dimension �45–50 mm).

Heart Failure with Normal Ejection Fraction

A majority of patients hospitalized for heart failure have a
low resting LV ejection fraction. A significant minority,
however, have a normal LV ejection fraction. In some pa-
tients, ejection fraction may be normal when measured but
was abnormal when the symptoms developed; these pa-
tients may have transient ischemia, arrhythmias, toxic ex-
posure (e.g., alcohol), or severe hypertension. Other pa-
tients may have a normal ejection fraction but heart failure
related to mitral regurgitation. In some patients, the diag-
nosis of heart failure may be incorrect, and the symptoms
may have other causes, such as pulmonary disease.

In other patients, a variety of different disorders can
lead to abnormal ventricular relaxation and compliance,
increased vascular stiffness, and/or reduced renal sodium
clearance, with consequent elevation in ventricular filling
pressures leading to pulmonary venous and capillary hy-
pertension. Such patients cannot increase cardiac output
in response to stress without inordinate increases in LV
filling pressure and associated pulmonary congestion. The
single most common etiology is hypertension. Restrictive
cardiomyopathies are caused by conditions such as sar-
coidosis, amyloidosis, hemochromatosis, and radiation
injury. Other causes include hypertrophic cardiomyopa-
thy and pericardial constriction. Echocardiography may
suggest abnormal diastolic function in a patient with a
thickened myocardium, a predisposing condition, or peri-
cardial disease.
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The ARB candesartan showed a trend toward reducing
the primary endpoint of cardiovascular mortality or heart
failure hospitalization in these patients, but this finding did
not reach statistical significance (32). A number of addi-
tional studies are under way. Based on physiologic consid-
erations, as well as findings in patients with hypertension
and LVH (33), the general consensus is to recommend an
ACE inhibitor or ARB in patients with heart failure, pre-
served ejection fraction, and a history of hypertension. In
patients with heart failure with normal ejection fraction, di-
uretics are often needed to normalize fluid balance. Doses
should be titrated carefully because these patients are often
volume-sensitive and many have marginal renal function.
Hypertension should be aggressively managed (monitoring
renal function carefully) (Chapter 48). In patients who con-
tinue to be hypertensive despite ACE inhibitors and diuret-
ics, a �-blocker or calcium blocker should be considered. �-
blockers are particularly useful in patients with tachycardia,
including those with atrial fibrillation, in whom rate control
represents a major therapeutic goal. Myocardial ischemia
should be treated with medications and, when appropriate,
revascularization (Chapters 37 and 38).

ISSUES DURING HOSPITALIZATION

Patients with acute decompensation of chronic heart fail-
ure usually manifest rapid clinical improvement in re-
sponse to IV diuretics, especially if coexisting illnesses are
properly treated. Patients usually note marked symp-
tomatic improvement, with resolution of rest dyspnea, by
the end of the first hospital day. As the patient approaches
his or her dry body weight, IV therapy is withdrawn and
oral agents are reinstituted.

For patients with pulmonary edema, the hospital course
is influenced by whether or not a precipitant for decom-
pensation is identified. If IV diuresis is effective and any
concomitant ischemia is successfully treated, the patient
may be asymptomatic on the first hospital day; attention
should then be focused on definition of the coronary
anatomy and potential revascularization. Similarly, if
valvular disease (such as mitral regurgitation) is responsi-
ble for decompensation, valvular repair or replacement
preceded by coronary angiography should be strongly con-
sidered (Chapter 41).

Patients with cardiogenic shock have a high mortality re-
gardless of etiology. Emergent PCI is indicated for cardio-
genic shock in the presence of acute MI. For patients with
papillary muscle rupture or an acute ventricular septal de-
fect, emergency repair is recommended (Chapter 38). In
patients who are not eligible for these therapies, considera-
tion should be given to intra-aortic balloon counter pulsa-
tion or ventricular assist devices if a definable acute and po-
tentially recoverable event is responsible for the abrupt
deterioration or if cardiac transplantation (Chapter 40) is
being considered.

DISCHARGE ISSUES

In general, patients admitted to the hospital for heart failure
may be discharged when symptoms have been controlled
and reversible precipitants have been treated. Noncompli-
ance with medication and dietary recommendations is the
most common identifiable causes of readmission. Thus,
care should be taken before discharge to initiate and rein-
force education regarding a diet restricted to approximately
2 g of sodium per day, self-monitoring through daily
weights, and the importance of compliance with medica-
tions. Unusual patients who have not recovered to the point
of unassisted ambulation may benefit from a short stay in a
skilled nursing facility for rehabilitation.

All patients should be on an ACE inhibitor or angiotensin
receptor blocker unless it is absolutely not tolerated. �-
blockers also reduce mortality in patients with class II–IV
heart failure. Although initiation of these agents requires a
degree of clinical stability, there is increasing evidence that
they can be initiated safely in low doses and titrated slowly
in patients hospitalized with heart failure (18). Aldosterone
receptor blockade has been shown to be beneficial, in addi-
tion to ACE inhibitors, in patients with class IV, or recent
class IV, symptoms, and in patients following myocardial in-
farction, reduced ejection fraction, and signs or symptoms of
heart failure. These agents may ultimately prove to be useful
in broader populations of patients with heart failure.
Digoxin is beneficial for symptoms but not longevity.

A mechanism for achieving careful follow-up must be
established before discharge. Such follow-up generally in-
cludes an office visit within 2 weeks of discharge. Programs
in heart failure disease management may reduce the fre-
quency of readmission and maintain or improve the qual-
ity of life (34, 35). These programs, which serve as an
extension of care beyond hospitalization and the office
visit, focus on optimizing patient compliance and provid-
ing a rapid medical response to subtle changes in the pa-
tient’s condition. They are generally delivered by nurses
linked to primary care physicians and utilize a mixture of
home visits and telephone monitoring. Such programs
have the potential to reduce length of stay by providing pa-
tients and hospital physicians with a sense of security re-
garding post-acute care. Effective programs may also reduce
readmission rates and emergency department visits. Exer-
cise training can improve functional capacity but its impact
on reducing mortality is less certain (36).

The response to inpatient treatment typically results in
reductions in BNP levels. High predischarge levels predict
readmission and death, even among patients who have re-
sponded clinically during hospitalization (37, 38).

Loss of weight unrelated to diuresis portends a poor out-
come in patients with heart failure (39), as does progressive
renal dysfunction (40); the only known treatment is better
control of the heart failure. For anemia, transfusion or ery-
thropoietin to raise the hemoglobin level should be con-
sidered, but the target level remains uncertain (10).
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WHEN HEART FAILURE PRESENTS
DURING HOSPITALIZATION

The physiologic stresses associated with any of a variety of
illnesses can cause decompensation in patients with known
or unsuspected LV dysfunction. In addition, previously
undiagnosed valvular disease may become clinically mani-
fested during the tachycardia and fluid administration at-
tendant to surgery. One example is the diagnosis of heart
failure in a previously healthy young woman in whom pul-
monary congestion develops after administration of fluid
or blood products after parturition (Chapter 32). These pa-
tients are usually easily managed with diuresis.

In patients with known and previously undiagnosed LV
dysfunction in whom heart failure becomes manifest during
hospitalization for another illness, it is of primary impor-
tance to correct the underlying disorder that prompted hos-
pitalization; heart failure should be managed according to
symptoms and the clinical examination as detailed above.
When heart failure occurs in the setting of acute MI, medica-
tions with inotropic and especially chronotropic action (e.g.,
dobutamine) should be avoided if possible because they
may increase myocardial oxygen consumption and thereby
potentially worsen ischemia and increase infarct size. Like
patients admitted primarily for heart failure, patients with
previously unrecognized LV dysfunction should have stan-
dard long-term therapy instituted before hospital discharge.

COST CONSIDERATIONS AND
RESOURCE USE

Heart failure is the single most common cause for hospi-
talization among patients old enough to receive Medicare
benefits. Care for patients with heart failure has been esti-
mated to cost about $20 billion annually, with approxi-
mately 75% of that cost expended within the hospital
setting (1, 2). Importantly, there has been a focus on re-
ducing the readmission rate, which has been reported to be
as high as 40% during 6 months. Although it would also be
valuable to reduce length of stay, hospitalization should
not be shortened at the expense of a markedly increased
readmission rate; it is essential that patients not be dis-
charged before stability is achieved, needed medications
are instituted, and adequate follow-up is arranged.

KEY POINTS

■ Patients hospitalized with heart failure require simulta-
neous emergent evaluation of possible causes of decom-
pensation and individualized therapy focusing on the
principal hemodynamic perturbation.

■ Once filling pressures have been reduced and depressed
cardiac output and blood pressure treated, plans for long-
term management should be addressed. Management

should include administration of pharmacologic agents
with proven survival benefits: angiotensin-converting en-
zyme inhibitors, angiotensin receptor blockers, and �-
blockers; aldosterone receptor blockers, at least in pa-
tients with class IV or recent class IV symptoms; and
cardiac resynchronization therapy, implantable car-
dioventral defibrillators, and coronary revascularization
in appropriately selected patients. Renal function, elec-
trolytes, hematocrit, and clinical status should be care-
fully monitored during up-titration of drug therapy.

■ Plans for focused follow-up are crucial to ensure success-
ful ongoing management. They include careful evalua-
tion of dietary and medication compliance, optimiza-
tion of medical treatment, constant re-evaluation, and
early response to changes in volume status.
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Heart Transplantation
Maria Ansari Teresa DeMarco

INTRODUCTION

Despite advances in pharmacologic therapy and mechani-
cal assist devices, the mortality for end-stage heart failure
remains 50% at 1 year. With improved surgical techniques
and the availability of cyclosporine, the overall 1-year actu-
arial survival after heart transplantation is 85%, and the 5-
year actuarial survival is 71% (1, 2). More than 40,000
transplants have been performed worldwide since 1982. In
the United States, approximately 2,200 donor hearts are
available per year, but nearly 10,000 patients are referred
annually for cardiac transplantation.

EVALUATING A PATIENT FOR CARDIAC
TRANSPLANTATION

Selection Criteria

Cardiac transplantation is indicated in patients with termi-
nal heart failure in whom all other conventional therapies
have failed or are inappropriate (Table 40.1). Cardiomy-
opathy, coronary heart disease, and valvular heart disease
are the three most common indications for adult cardiac
transplantation (2). Candidates are usually New York
Heart Association class III or IV, with an unacceptable qual-
ity of life and a 1-year predicted survival less than could be
achieved with transplantation. Patients with peak oxygen
consumption (VO2 max) during exercise of less than 14
mL/kg per minute have a 1-year survival of about 32% and
should therefore be referred immediately for transplanta-
tion (3). By comparison, patients with a VO2 max above 14
mL/kg per minute have a 1-year survival close to 90% with
medical therapy and are not candidates for immediate
transplant. It is important that patients undergo repeated
testing if the clinical condition changes.

Exclusion Criteria

Contraindications for transplantation (Table 40.2) include
comorbid conditions with a poor prognosis, ongoing unre-
solved medical diseases or neoplasms, and important
psychosocial issues that may lead to life-threatening non-
compliance. A physiologic age over 65 years is a controver-
sial relative contraindication based on data showing a
significant decrease in posttransplant survival for each
decade of age and a clinically significant decrease in sur-
vival after the age of 65.

Short- and long-term survival postcardiac transplant is
closely linked to the preoperative pulmonary vascular resis-
tance (PVR). Patients with a PVR below 2.5 Wood units,
pulmonary artery pressure below 50 to 60 mm Hg systolic,
and a mean transpulmonary gradient (mean pulmonary
artery pressure minus pulmonary capillary wedge pressure)
of 15 mm Hg or less have a better prognosis than do pa-
tients with higher values (4). Patients with a high PVR who
respond to intravenous (IV) nitroprusside (PVR �2.5
Wood units with adequate systemic pressure) also have a
favorable prognosis.

Listing a Patient for Transplant

After patients have been selected as appropriate candidates
for cardiac transplantation, they are placed on the United
Network for Organ Sharing (UNOS) waiting list in one of
two categories. Status I patients require IV vasoactive drugs
or mechanical support in an ICU to maintain adequate
hemodynamics. All other patients are Status II. Status I pa-
tients generally wait weeks-to-months for an available or-
gan. Status II patients often wait 6 months to several years,
and 20–40% of Status II patients die while awaiting a
donor heart.

40
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match excludes that donor heart for the recipient. Potential
donor hearts must also be free of significant infectious
agents (i.e., viral hepatitis, HIV). Donor heart function is ex-
amined by echocardiography; coronary angiography should
be performed if the donor is at high risk for coronary artery
disease (CAD). Potential organ donor weight must be
within 20% of the recipient weight to match cardiac size. Fi-
nally, the donor heart must be within a 1,000-mile radius of
the recipient to ensure an ischemic time of less than 6 hours
to minimize damage to the donor heart during transport.

Operative Methods

Orthotopic heart transplantation involves the partial re-
moval of recipient atria and the entire removal of the ven-
tricles. In the bicaval technique, which is now the standard of
care, the recipient’s right atrium is excised with a cuff left in-
tact around both the superior and the inferior vena cava
(6). Most of the recipient’s left atrium and all of the inter-
atrial septum are removed.

CARE OF THE HOSPITALIZED PATIENT

Early Post-transplant Care

Unique Physiologic Properties

Because of preservation injury, the newly transplanted
heart is a model of stunned ischemic myocardium, character-
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TABLE 40.1
INDICATIONS FOR CARDIAC TRANSPLANTATION

■ Refractory class III or IV heart failure despite optimal contempo-
rary therapy

■ Recurrent and refractory symptomatic ventricular arrhythmias
with unacceptable quality of life

■ Recurrent and refractory unstable ischemic heart disease with
major functional limitations

■ Maximum oxygen consumption (VO2max) �14 mg/kg per
minute

TABLE 40.2
EXCLUSION CRITERIA FOR CARDIAC
TRANSPLANTATION

• Physiologic age �65 y
• Active infection
• Active peptic ulcer disease
• Severe diabetes mellitus
• Severe peripheral vascular disease
• Severe chronic obstructive pulmonary disease
• Renal failure (creatinine �2 mg/dL and or creatinine clearance

�50 mL/min, unless caused by low cardiac output)
• Liver disease with serum bilirubin �2.5 mg/dL, aminotransferases

more than twice the upper limit of normal, prothrombin time 
�14 sec

• Pulmonary artery systolic pressure �60 mm Hg
• Pulmonary vascular resistance �3.0 Wood units despite

vasodilator trial
• Mean transpulmonary gradient �15 mm Hg
• Active substance abuse
• Psychosocial impairment limiting medical compliance

Adapted from Stevenson LW. Candidates for heart transplantation:
selection and management. In Poole-Wilson PA, Colucci WS, Massie
BM, et al., eds. Heart Failure: Scientific Principles and Clinical Practice.
New York: Churchill Livingstone, 1997:807–826.

BRIDGE TO CARDIAC
TRANSPLANTATION

The cardiac organ donor supply is inadequate to meet de-
mands. When intense interventions (Chapter 39) fail to
stabilize a patient with unstable refractory heart failure,
mechanical support is required. Among patients who are at
high risk for dying of irreversible myocardial failure despite
maximum inotropic support with or without an intraaortic
balloon pump but who do not have irreversible end-organ
damage, left ventricular assist devices (LVADs) can provide a
successful bridge to transplantation in about 75% of cases.
Complications of LVADs include thromboembolism, in-
fection, and right ventricular (RV) failure from increased
PVR. Use of a LVAD is usually part of a two-step process:
first the insertion of the device and correction of vital organ
hypoperfusion; second, orthotopic heart transplantation as
soon as a donor is available, usually within weeks to
months. However, the LVAD is also being evaluated as a
bridge to recovery in patients with reversible causes of heart
failure, and even as a permanent ventricular support device.
In selected patients with end-stage heart failure, these de-
vices have been used for 3 years or longer with improved
quality of life and an acceptable mortality rate (5), thereby
serving as a reasonable alternative in patients who are not
candidates for transplantion (Chapter 39).

CARDIAC TRANSPLANTATION SURGERY

Donor Organ Selection

Donor hearts must be ABO-compatible with the recipient,
but HLA matching is neither necessary nor feasible. All
transplant recipient candidates are screened for allo-anti-
bodies by means of a panel-reactive antibody (PRA) test of
recipient serum against a panel of allogeneic lymphocytes
with known HLA antigens. For potential recipients who re-
act to 15% or more of the panel, prospective lymphocyte
cross-matching is performed by mixing recipient serum
with potential heart donor lymphocytes; a positive cross-
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ized by transient systolic and diastolic dysfunction, brady-
cardia, and RV dysfunction. It is also devoid of autonomic
innervation. Inotropic and chronotropic support, usually
with a combination of isoproterenol and dopamine, is gen-
erally needed for the first 3 to 5 postoperative days. The tar-
get heart rate for the early postoperative period is between
110 and 130 beats/min to maximize cardiac output (car-
diac index �2.5 L/min per square meter.) When the above
combination is inadequate to attain optimal hemodynam-
ics, milrinone, epinephrine, or both may be required. RA
filling pressures are maintained at 8 to 15 mm Hg to attain
adequate cardiac output. Diuretics are usually initiated af-
ter the first day to achieve normal RA pressures. In cases of
pulmonary hypertension, pulmonary vasodilators such as
nitroprusside, prostacycline, or inhaled nitric oxide can be
employed (Chapter 59).

Bradycardia and Tachycardia

In the early posttransplant period, bradycardia (sinus or
junctional bradycardia, or AV block) is common as a con-
sequence of preservation injury, sinus node edema from is-
chemia during surgery, conduction system injury inflicted
at the time of harvest, electrolyte disturbances, preoperative
administration of amiodarone, or allograft rejection (Table
40.3).

Treatment for bradycardia early after transplant includes
isoproterenol or nonglycoside inotropes. Atropine, whose
chronotropic action is based on a vagolytic mechanism,
will not be effective in increasing donor sinus rate in a den-
ervated heart but may reverse vagally-mediated peripheral
vasodilation. Bradycardia generally resolves within several
days after transplant. However, a small percentage of pa-
tients (3–15%) require permanent pacemakers.

Several weeks after transplantation, the denervated heart
exhibits a resting sinus tachycardia because of the loss of
parasympathetic tone. The heart rate rises more slowly with
exercise and is attenuated at peak exercise. Compared with
the normal heart, the denervated heart depends more on an
augmented stroke volume than on an increased heart rate
to increase cardiac output.

Ventricular and Supraventricular Dysrhythmias

Ventricular or supraventricular tachycardias (Table 40.4)
after transplant may be signs of preservation injury (early
posttransplant), allograft rejection, ischemia, or elec-
trolyte disturbance. The most common cause of early
posttransplant tachyarrhythmias is preservation injury,
which tends to resolve in several days. Myocardial
ischemia from transplant CAD is a cause of late dys-
rhythmias.

Drugs that primarily act through the autonomic nervous
system will have no effect on the transplanted heart. For ex-
ample, digoxin, a vagotonic agent, will not be effective in
managing supraventricular arrhythmias in the usual clini-
cal doses. Type Ia anti-arrhythmics (e.g., quinidine, pro-
cainamide) exert not only vagotonic properties (which will
not be observed in the transplanted heart) but also direct
effects (which will be observed); these agents slow both the
sinus rate and AV conduction, which makes them effective
agents for tachyarrhythmias. Calcium channel blockers and
�-blockers directly slow the sinus rate and AV conduction
in the transplanted heart; because of their negative
inotropic and chronotropic effects, they must be used cau-
tiously in the early transplant period, when allograft func-
tion is marginal.
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TABLE 40.3
ELECTRICAL DISTURBANCES AFTER CARDIAC TRANSPLANT

Bradycardia
Cause Onset Treatment
Sinus node preservation injury Early Time/temporary pacer
Conduction system injury at harvest Early Time/temporary and/or permanent pacer
Amiodarone Early Time/temporary pacer
Electrolyte derangement Early or late Electrolyte normalization
Allograft rejection Early or late Increased immunosuppression

Ventricular or supraventricular tachycardia
Cause Onset Treatment
Preservation injury Early Time, antiarrhythmics
Hypomagnesemia, hypokalemia Early or late Electrolyte normalization
Allograft rejection Early or late Increased immunosuppression
Myocardial ischemia (transplant coronary artery disease) Late Nitrates, �-blockers, aspirin, lipid-lowering agents,

revascularization, re-transplantation
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Right Ventricular Failure

Heart transplant recipients with preexisting pulmonary hy-
pertension are at high risk for the development of RV fail-
ure soon after transplant surgery. RV failure is initially
treated with pulmonary vasodilators such as nitroprusside,
prostacycline, or inhaled nitric oxide. Isoproterenol, milri-
none, or both are often required to support the compro-
mised RV. For RV failure refractory to pharmacologic
intervention or in cases of concomitant systemic hypoten-
sion, an RVAD should be placed until intrinsic pulmonary
hypertension reverses and RV function improves.

Biventricular Failure

Biventricular failure after transplantation should always
prompt the suspicion of allograft rejection, although there
are other causes (Table 40.4). Immediately after trans-
plant, the cause is usually hyperacute allograft rejection
from preformed allo-antibodies. In the early posttrans-
plant period, biventricular pump failure can be a mani-
festation of organ preservation injury, tamponade, or 
acute allograft rejection. Posttransplant tamponade tends
to occur in a posterolateral closed space and is almost al-
ways a consequence of postoperative bleeding; surgical 
decompression is necessary. Biventricular failure for 2–10
days postoperatively can be a manifestation of preserva-
tion injury; this is a diagnosis of exclusion and is treated
with hemodynamic support.

Allgraft Rejection

Allograft rejection occurs at a rate of 0.5 to 2.5 episodes per
patient during the first posttransplant year. Hyperacute
allograft rejection presents in the operating room or imme-
diately postoperatively and results in primary nonfunc-
tioning of the graft. Acute cellular allograft rejection usually
occurs within the first 6 months after cardiac transplanta-
tion but can occur later; it is the most common form of
allograft rejection. Chronic rejection presents with slowly de-
veloping symptoms of fatigue and dyspnea suggestive of
transplant CAD.

Prophylaxis

Prophylactic immunosuppression regimens are transplant
center-specific. (For a general discussion of available im-
munosuppressive regimens, see Chapter 102, particularly
Table 102.4.) Maintenance prophylaxis involves triple ther-
apy: prednisone, azathioprine (or mycophenolate mofetil),
and cyclosporine (or tacrolimus).

Indications for Hospital and Intensive Care 
Unit Admission

Because allograft rejection can be clinically silent, surveil-
lance endomyocardial biopsies are performed to exclude
occult allograft rejection (every week for the first four
weeks, then every other week for two more weeks, then
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TABLE 40.4
SIGNS AND SYMPTOMS OF ACUTE ALLOGRAFT REJECTION

Signs and symptoms Pathophysiology

Fever Cytokine release from injured myocardium and
activation of inflammatory pathways

Fatigue, decreased exercise tolerance Cytokine release, decreased cardiac function
Cough Increased pulmonary vascular pressures from

systolic or diastolic dysfunction
Syncope, near-syncope Bradycardia/VT/SVT
Palpitations VT/SVT
Dyspnea Increased pulmonary venous pressures
Sudden death Terminal arrhythmia
Decreased urine output Decreased cardiac output and decreased renal

perfusion
Pulmonary crackles Increased pulmonary venous pressures
Loud pulmonic heart sound Increased pulmonary arterial pressures
S3 gallop High left ventricular end-diastolic pressures

from low cardiac output
New regurgitant murmur (tricuspid or mitral Dilation of right and/or left ventricle
Jugular venous distention Right or left ventricular failure

SVT, supraventricular tachycardia; VT, ventricular tachycardia.
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quarterly twice, semi-annually twice, and then yearly there-
after). Additional endomyocardial biopsies are performed
whenever allograft rejection is suspected.

Any patient with hemodynamic instability, signs of
heart failure, or symptomatic dysrhythmias should be ad-
mitted to the ICU for cardiac rhythm monitoring, invasive
hemodynamic monitoring, inotropic support, and intensi-
fied nursing care (Table 40.5). By comparison, moderate
acute cellular rejection without hemodynamic compromise
or dysrhythmias is usually treated in the outpatient setting,
as supervised by a transplant center.

Treatment of Allograft Rejection

The treatment of acute cellular rejection includes optimiza-
tion of immunosuppression (Table 40.5). Acute humoral
rejection must be treated aggressively with immunosup-
pression and plasmapheresis to remove circulating im-

munoglobulin and reduce anti-allograft immunoglobulin
titers.

Indications for Early Consultation

Every cardiac transplant patient admitted for possible allo-
graft rejection to any hospital requires an urgent consulta-
tion with a transplant cardiologist. The cardiologist will
assist in the evaluation of suspected allograft rejection,
which includes an endomyocardial biopsy. Once the diag-
nosis is established, treatment should begin under the di-
rection of the cardiologist.

DISCHARGE ISSUES

Patients admitted with cardiac allograft rejection often have
hospital stays ranging from several days to several weeks, de-
pending on the clinical manifestations of the rejection
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TABLE 40.5
TREATMENT OF ALLOGRAFT REJECTION

Endomyocardial biopsy grade Clinical status Treatment

Acute cellular rejection
1A, 1B, 2 Subclinical No augmentation of immunosuppression
2 Overta Optimize immunosuppressionb

Prednisone pulsec

3A Subclinical Optimize immunosuppression
Prednisone pulse

3A Overt Optimize immunosuppression
Methylprednisolone pulsed

3B Subclinical, �3 mo from transplant Optimize immunosuppression
Methylprednisolone pulse

3B Overt, �3 mo from transplant Optimize immunosuppression
Methylprednisolone pulse

3B, 4 Overt, �3 mo from transplant, subclinical Optimize immunosuppression
or overt �3 mo from transplant ATG or OKT3e

Acute humoral rejection
Not applicable Subclinical/overt Plasmapheresis (60 mL/kg qod)

Methylprednisolone pulse
Cyclophosphamide 1 mg/kg per day PO
Optimize immunosuppression
IV immunoglobulin

Hyperacute rejection
Not applicable Overt Mechanical ventricular assist devices

Total artificial heart
Urgent re-transplantation

aOvert: Hemodynamic compromise, allograft dysfunction clinically or on echocardiogram, arrhythmias.
bOptimize immunosuppression: Increased doses within conventional range as toxicity permits; consider changing azathioprine to mycophenolate
mofetil (1–1.5 g PO bid); consider changing cyclosporine to tacrolimus (0.1 mg/kg PO bid); consider the addition of methotrexate 5–7.5 mg PO qd
for 3–5 days for refractory rejection.
cPrednisone pulse: 1.5 mg/kg PO qd (or divided doses) for 5 days, then rapid taper.
dMethylprednisolone pulse: 1 g IV qd � 3, then subsequent prednisone taper.
eATG (anti-thymocyte globulin): 10 mg/kg per day IV � 7–10 doses or OKT3 5 mg/d IV � 10 doses.
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infection, malignancy, and other organ-specific complica-
tions (Table 40.6).

Infections

For additional discussion of infection in immunocompro-
mised hosts, see Chapter 63.

The blood and lungs are the most common sites of in-
fection after heart transplantation. Cardiac transplant pa-
tients are particularly prone to pancreaticobiliary disease
and especially acalculous cholecystitis, in which the usual
signs and symptoms of cholecystitis may be blunted or ab-
sent. There should be a low threshold to image the gall-
bladder and biliary system when gastrointestinal com-
plaints are present (Chapter 84).

Renal Insufficiency

Patients presenting with decreased urine output, lower-
extremity edema, or easy bruisability should be evaluated
for renal insufficiency, which may be caused by cy-
closporine or tacrolimus. Cyclosporine and tacrolimus
cause prerenal azotemia by constricting afferent renal arte-
rioles; this effect can be modified by reducing doses when
permitted. Cyclosporine and tacrolimus also produce a
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TABLE 40.6
COMMON LONG-TERM COMPLICATIONS OF CARDIAC
TRANSPLANTATION

Complications Etiology

Opportunistic Infections Immunosuppression

Renal failure Cyclosporine alone or in combination with other drugs
Renal hypoperfusion (e.g., because of sudden death,

arrhythmias, or sepsis)
Hemolytic uremic syndrome

Musculoskeletal
Myopathy, rhabdomyolysis, gout Drug-induced (lipid-lowering agents with cyclosporine)

Central nervous system
Seizures, depression, psychosis, Drug-induced (cyclosporine, steroids)

headache, tremor, focal deficits Hemolytic uremic syndrome
Infections (Nocardia, Aspergillus)
Malignant hypertension

Metabolic
Hyperglycemia, electrolyte Drug-induced (cyclosporine, steroids)

abnormalities, adrenal crisis,
hyperlipidemia

Vasculopathy
Transplant coronary artery disease Endothelial injury and repair

Malignancy
Lymphoproliferative disorders, skin, Immunosuppression

lips, solid organs

episode and the therapeutic response. A patient is ready for
discharge when a clinical response to augmented immuno-
suppression leads to improved symptoms and acceptable
hemodynamics on a stable oral medication regimen. Dis-
charge planning is a coordinated effort between the inpa-
tient hospital team, the transplant cardiology consult team,
and the patient’s primary care provider in the community.
Patients often live far away from a center that provides trans-
plant cardiology care, so outpatient follow-up with the pa-
tient’s primary physician is extremely important.

Some immunosuppressive medications (e.g., cy-
closporine, tacrolimus, mycophenolate-mofetil) may not
be readily available at community pharmacies. It is critical
to anticipate discharge and to have medications available
when the patient leaves the hospital. The patient generally
returns in 1 to 2 weeks for an endomyocardial biopsy to as-
sess response to therapy. The scheduling of subsequent en-
domyocardial biopsies is adjusted based on the frequency
of rejection episodes and the presence or absence of persis-
tent rejection.

Late Posttransplant Care

Long-term immunosuppressive therapy in the cardiac
transplant patient has many potential sequelae, including
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generally reversible renal tubular dysfunction characterized
by potassium retention, magnesium wasting, and dimin-
ished uric acid secretion.

Cyclosporine/tacrolimus renal failure can be exacer-
bated by other nephrotoxic agents (nonsteroidal antiin-
flammatory agents, amphotericin B, aminoglycosides,
angiotensin-converting enzyme inhibitors, or angiotensin
II receptor blockers) or drugs that alter the metabolism of
cyclosporine/tacrolimus (Chapter 102). Other causes of re-
nal insufficiency include heart failure and hypotension. A
rare complication of cyclosporine/tacrolimus is the
hemolytic uremic syndrome (Chapter 98).

Musculoskeletal System

There is a small risk of rhabdomyolysis with the use of anti-
hyperlipidemic agents (statins and fibrates) in combina-
tion with cyclosporine. Statins should be started at doses
lower than usual, and creatine kinase levels should be
checked, especially if there are any symptoms of myalgias
or muscle weakness. Because pravastatin is not extensively
metabolized by the cytochrome P450 system, it is less likely
than other statins to cause myopathy in patients taking cy-
closporine.

Central Nervous System

Cyclosporine/tacrolimus can lead to drug-induced central
nervous system changes, such as alterations in cognition
and personality, seizures, headaches, tremors, and cortical
blindness. These changes are dose-related and generally
resolve with a reduction (or discontinuation) of cyclos-
porine/tacrolimus doses.

Transplant patients are also subject to opportunistic cen-
tral nervous system infections, such as nocardiosis and as-
pergillosis. Malignant (cyclosporine-induced) hypertension
may also present with mental status changes and headaches.

Affective disorders are common after heart transplanta-
tion. Many patients will require antidepressants and long-
term follow-up with a psychiatrist or psychologist; these
interventions may enhance compliance with immunosup-
pressive therapy, as well as quality of life.

Metabolic Disturbances

Heart transplant patients are at risk for all the usual com-
plications of high-dose steroids. Stress-dose corticosteroids
(usually 100 mg of hydrocortisone three times a day for the
first day) are required to avert adrenal crisis at times of in-
creased stress (Chapter 109).

Transplant Coronary Artery Disease

Transplant CAD, which develops at a rate of about 10% an-
nually, results in diffuse and concentric narrowing of distal
intramural coronary arteries and veins in addition to typi-

cal focal stenoses of epicardial arteries; it is the primary
determinant of long-term survival following cardiac trans-
plantation. Because of cardiac denervation following trans-
plant surgery, the classic signs of myocardial ischemia
(angina pectoris) are usually absent. This primary present-
ing features of transplant CAD are heart failure, ventricular
dysrhythmia, and sudden death. An elevated C-reactive
protein level is a strong predictor of vasculopathy (7).

As a consequence of the absence of angina pectoris, car-
diac transplant patients must be routinely screened for
CAD. The combination of denervation and diffuse, distal
CAD makes traditional noninvasive screening tests both in-
sensitive and nonspecific; the current recommendation is
annual coronary angiography.

Primary prevention of transplant CAD includes risk fac-
tor modification, such as smoking abstinence and control
of hyperlipidemia with diet and aggressive use of statins
(8). Diltiazem, verapamil, and nicardipine, which alter the
metabolism of cyclosporine and tacrolimus, must be used
carefully. Everolimus is better than azothioprine for the
prevention of cardiac-allograft vasculopathy (9).

Because of the diffuse and concentric nature of trans-
plant CAD, coronary interventions and coronary artery by-
pass surgery are not as successful as in non-transplant CAD.
Repeated cardiac transplantation is the only reasonable al-
ternative for many patients with severe, uncorrectable
transplant CAD, but survival after a second cardiac trans-
plant is not as good as after a primary transplant, mainly as
a consequence of increased surgical mortality and an in-
creased probability of malignancy.

Malignancy

All organ transplant recipients are at increased risk for the
development of malignancy because of immunosuppres-
sive therapy. Posttransplant lymphoproliferative disorders,
particularly non-Hodgkin’s lymphoma, are the most com-
mon malignancies and occur in 2% of the cardiac transplant
population. The peak occurrence is 1 year after transplant,
but they can develop as early as 1 week after transplant. The
Epstein-Barr virus genome is found in these
polyclonal/monoclonal B cells. Sometimes the presenta-
tion can mimic allograft rejection because of constitutional
symptoms and involvement of the myocardium (20% of
cases). Although not all posttransplant lymphoproliferative
disorders are “malignant” (i.e., not all are monoclonal),
they behave biologically like aggressive proliferative lym-
phomas. Once a diagnosis is made by biopsy of the affected
organ, the usual practice is to lower immunosuppression
and initiate full-dose IV ganciclovir. Lymphoma
chemotherapy may also be given (Chapter 94) but the prog-
nosis of patients requiring such therapy is poor.

Malignant solid tumors also occur at a rate greater than
in the general population. Cancers of sun-exposed areas
(lips and skin) are common, as are cancers of the gastroin-
testinal tract and lung.
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KEY POINTS

■ Cardiac transplantation is a viable treatment option to
improve survival and quality of life in selected patients
with terminal heart failure.

■ Early postoperative complications include electrical and
mechanical disturbances, often caused by allograft rejec-
tion, preservation injury, tamponade, immunosuppres-
sive drugs, electrolyte disturbances, or sinus node dys-
function.

■ Allograft rejection may present as an emergency or as a
nonspecific complaint; a high degree of clinical suspi-
cion is often required for the diagnosis to be made.

■ Treatment of allograft rejection should be guided by a
transplant cardiologist. Clinical responses are demon-
strated by improvement in cardiac function, abatement
of dysrhythmias, and resolution of cellular infiltrate on
follow-up endomyocardial biopsies.

■ Immunosuppression and rejection can lead to infection,
malignancy, and transplant coronary artery disease,
which is difficult to treat.
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Valvular Heart Disease
Richard A. Lange L. David Hillis

INTRODUCTION

Valvular heart disease affects tens of thousands of people
annually in the United States and leads to more than
50,000 valve surgeries per year. It contributes to the devel-
opment of heart failure, and in some subjects is responsible
for sudden cardiac death. The pathophysiology and hemo-
dynamic consequences of valvular disease are determined
by the valvular abnormality and, to a lesser degree, by its
underlying etiology and associated cardiac abnormalities.
Of central importance in the management of the patient
with valvular heart disease is a determination of the timing
of surgical intervention.

AORTIC STENOSIS

Issues at the Time of Admission

Valvular aortic stenosis (AS) is most often caused by de-
generation and calcification of (a) a congenitally bicuspid
valve (in subjects who become symptomatic before 70
years of age) or (b) a tricuspid valve (in those who develop
symptoms after age 70 years). Rheumatic disease usually
causes a mixture of AS and aortic regurgitation and is
almost always accompanied by mitral valve involvement.
Regardless of the etiology of AS, the gradual increase in ob-
struction to left ventricular (LV) outflow causes compen-
satory LV hypertrophy, which serves to normalize LV wall
stress and maintain forward output despite a stenotic valve
orifice.

Clinical Presentation

The subject with AS usually is encountered initially in the
ambulatory setting, often having been referred for the
evaluation of a systolic murmur. The asymptomatic pa-
tient with AS (irrespective of its severity) can be followed

expectantly until the appearance of symptoms (1). The
cardinal symptoms of AS are angina pectoris, syncope,
and heart failure. Angina pectoris is the initial symptom
in about one-third of patients with AS, many of whom do
not have significant atherosclerotic coronary artery dis-
ease (CAD). In these subjects, angina pectoris results
from a relatively fixed myocardial oxygen supply in the
setting of increased oxygen demand (caused by an in-
creased LV wall tension). Syncope or near-syncope, usu-
ally exertional, is the initial symptom in about 15% of
patients with AS. The remaining 50% of subjects with AS
first note symptoms of heart failure (dyspnea, orthopnea,
or fatigue). Any patient with one of these cardinal symp-
toms and a systolic murmur consistent with AS requires
further evaluation.

Differential Diagnosis and Initial Evaluation

A severely stenotic aortic valve delays LV emptying and re-
sults in the characteristic findings on physical examination.
The carotid arterial pulse is diminished in amplitude, and
its upstroke is delayed (pulsus parvus et tardus). The precor-
dial impulse is usually normal. Auscultation reveals the
typical systolic ejection (crescendo–decrescendo) murmur
at the aortic area, with radiation to the carotid arteries. Be-
cause of slow LV emptying, the murmur peaks in mid to
late systole. The electrocardiogram (ECG) usually shows LV
hypertrophy. On the chest radiograph, the cardiac silhou-
ette is usually normal in shape and size. In the symp-
tomatic patient, the findings upon physical examination
should be corroborated by noninvasive testing. Two-
dimensional echocardiography typically reveals concentric
LV hypertrophy and a calcified aortic valve with reduced
leaflet mobility. Doppler examination permits estimation
of the transvalvular pressure gradient and calculation of the
valve area (Table 41.1). Although invasive assessment (by
catheterization) remains the gold standard for determining
valve area, the echocardiographically measured valve area

41
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correlates well with that determined at catheterization.
Catheterization should be reserved for the symptomatic
patient who is being considered for valve replacement.
Coronary angiography is indicated in subjects over 40 years
old to assess the presence or absence of CAD that may re-
quire concomitant bypass graft surgery at the time of valve
replacement. At the time of catheterization, pressures on ei-
ther side of the stenotic valve are recorded simultaneously
(Figure 41.1), and the flow across the valve is quantified.
From these data, the valve area is calculated with the Gor-
lin equation:

Valve Orifice Area (cm2)  

� Flow across the Valve/Constant 

� (Mean Pressure Gradient)1/2

The mean pressure gradient is the average gradient during
systole (for aortic or pulmonic valves) or diastole (for mi-
tral or tricuspid valves).

The systolic ejection murmur of hypertrophic obstructive
cardiomyopathy may be confused with that of AS. However,
careful examination reveals the dynamic nature of obstruc-
tion in the patient with hypertrophic obstructive cardiomy-
opathy. The murmur of hypertrophic obstructive cardiomy-
opathy diminishes in intensity with squatting, handgrip,

and other maneuvers that increase LV filling and reduce the
outflow tract pressure gradient. It increases in intensity with
standing and the Valsalva maneuver, since these maneuvers
reduce LV filling. The murmur of AS does not change with
these maneuvers, since LV outflow tract obstruction is fixed.
Other infrequently encountered forms of LV outflow ob-
struction include congenital abnormalities, such as sub-
valvular membranes or supravalvular stenosis, which often
resemble valvular AS symptomatically and on physical ex-
amination.

Indications for Hospitalization

The patient with severe AS and symptoms of unstable
angina, syncope, or heart failure should be hospitalized.
During hospitalization, the diagnostic evaluation should
be completed and a decision reached regarding surgery.

Indications for Initial Intensive Care 
Unit Admission

Any patient with AS and decompensated heart failure is ap-
propriate for admission to the ICU. Moreover, any patient
whose hospitalization is complicated by a major comorbid
condition (i.e., systemic infection, atrial fibrillation with a
rapid ventricular response, uncontrolled diabetes mellitus,
renal or hepatic failure, altered mental status) should be
admitted to an ICU or step-down unit because of the risk of
acute decompensation.

Initial Therapy

Occasionally, a discrete, identifiable event (i.e., a febrile ill-
ness or the onset of atrial fibrillation) precipitates symp-
toms of AS in a previously asymptomatic patient. The
noncompliant, hypertrophied LV depends on a forceful
atrial “kick” to maintain adequate filling and hence cardiac
output. Because atrial tachyarrhythmias may cause hemo-
dynamic deterioration, they should be treated promptly
with pharmacologic rate control, direct current cardiover-
sion, or both (Chapter 42). Other therapy often includes
the judicious use of diuretics in the patient with AS and
concomitant pulmonary congestion. Afterload-reducing
agents generally are contraindicated in the patient with
known AS. Similarly, exercise testing should be avoided.

Indications for Consultation

Consultation with a cardiologist is appropriate for the
symptomatic patient with AS. The specialist can (a) assist
with ongoing medical care, (b) suggest further studies
(echocardiography, cardiac catheterization) when indi-
cated, and (c) determine the appropriate timing for surgical
intervention.
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TABLE 41.1
RELATIONSHIP BETWEEN AORTIC VALVE AREA
AND THE SEVERITY OF AORTIC STENOSIS

Normal AVA 3 to 4 cm2

Trivial AS �1.3 cm2a

Mild AS 1.1–1.3 cm2

Moderate AS 0.7–1.0 cm2

Severe AS �0.7 cm2

“Critical” AS �0.5 cm2

aWith a pressure gradient.
AS, aortic stenosis; AVA, aortic valve area. 
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Figure 41.1. Simultaneous pressure recordings from the left
ventricle (LV ) and aorta (Ao) demonstrating a systolic gradient in a
patient with aortic stenosis. The pressure gradient is shaded. (Re-
drawn from Lange RA, Hillis LD. Diagnostic and therapeutic
catheterization. In Humes DG, ed. Textbook of Internal Medicine,
4th ed. Philadelphia: Lippincott Williams & Wilkins, 2002, p. 628,
with permission.)
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Issues During the Course of Hospitalization

The symptomatic patient with severe AS treated medically
has a poor prognosis, with a median survival of 5 years in
those whose initial symptom is angina, 3 years in those
whose symptom is syncope, and 2 years in those with heart
failure. Therefore, once symptoms develop in the patient with
moderate or severe AS, valve replacement is imperative (Table
41.2). Since balloon aortic valvuloplasty yields only tem-
porary modest improvement in adults with AS, it is rarely
indicated.

Discharge Issues

The asymptomatic patient with AS should be seen regularly
and should receive antibiotic prophylaxis at the time of
dental or genitourinary procedures (Table 30.10). Outpa-
tient visits should focus on the appearance of the cardinal
symptoms of AS (angina, syncope, heart failure), which, if
they occur in the patient with moderate or severe AS, man-
date surgery. On average, the aortic valve area decreases by
about 0.1 cm2 annually in patients with AS (2). Recent
studies suggest that this rate of progression is slowed by the
administration of a statin (e.g., HMG CoA reductase in-
hibitor) medication (3).

AORTIC REGURGITATION

Issues at the Time of Admission

Aortic regurgitation (AR) may be congenital or acquired and
could be acute or chronic. The clinical presentation and
management depend on the severity and chronicity of re-
gurgitation. Acute AR is usually caused by (a) valve leaflet
damage from infective endocarditis, (b) aortic dissection, or
(c) trauma; and it usually requires urgent valve replacement.

Chronic AR may result from disease of the valve leaflets or
dilatation of the ascending aorta, which distorts the leaflets
and prevents their coaptation during LV diastole.
Rheumatic involvement of the aortic valve frequently leads
to AR, which may occur in subjects with certain systemic ill-
nesses, including systemic lupus erythematosus, rheuma-
toid arthritis, ankylosing spondylitis, Whipple’s disease,
and Crohn’s disease. Disorders that may lead to aortic di-
latation and resultant AR include systemic arterial hyper-
tension, coarctation of the aorta, bicuspid aortic valve,
syphilitic aortitis, and diseases of connective tissue (i.e.,
Marfan syndrome, cystic medial necrosis, osteogenesis im-
perfecta, and idiopathic annulo-aortic ectasia).

In the patient with chronic AR, the LV is exposed to di-
astolic volume overload, which results in the development
of LV hypertrophy and chamber dilatation. Early in the
process, LV end-systolic volume is normal; therefore, LV
stroke volume and ejection fraction are greatly increased.
Myocardial function remains normal until relatively late in
the disease process, at which time the LV begins to fail.
With acute AR, the ventricle does not have time to dilate;
therefore, the individual with acute AR has a markedly ele-
vated left ventricular diastolic pressure, which usually leads
to severe pulmonary vascular congestion. Severe, acute AR
may cause premature closure of the mitral valve during di-
astole, because LV and LA pressures equalize before the end
of diastole; in this situation, net forward cardiac output is
markedly reduced. As a result, urgent valve replacement
usually is indicated in the patient with severe, acute AR.

Clinical Presentation

Similar to the patient with AS, the patient with AR may be
asymptomatic and come to medical attention for the eval-
uation of a murmur. In the asymptomatic individual with
normal LV systolic function, endocarditis prophylaxis
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TABLE 41.2
INDICATIONS FOR VALVE SURGERY

Aortic stenosis (AS)

Aortic regurgitation (AR)

Mitral stenosis (MS)

Mitral regurgitation (MR)

Onset of symptoms (angina, syncope, or heart failure) in the
presence of moderate or severe AS

Onset of symptoms in the presence of moderate or severe AR
-or-

Asymptomatic LV systolic dysfunction
(LV ESDa �5.5 cm or LV EFb �0.55)
Symptoms refractory to medical therapy (heart failure, fatigue,

systemic thromboembolism) in the presence of moderate or
severe MS

Onset of symptoms in the presence of moderate or severe
MR

-or-
Asymptomatic LV systolic dysfunction 
(LV ESDa �4.5 cm or LV EFb �0.65)

aLeft ventricular end-systolic dimension determined by transthoracic echocardiogram.
bLeft ventricular ejection fraction determined by radionuclide or contrast ventriculograhy.
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(Table 30.10), and careful clinical follow-up are sufficient
(4). Often, early symptoms of AR are attributable to the in-
creased LV stroke volume and consist of an awareness of a
forceful heartbeat and prominent carotid arterial pulsa-
tions. Eventually, the patient with AR notes symptoms of
heart failure (dyspnea, orthopnea, and fatigue). Angina,
syncope, and sudden death are less common in patients
with AR than in those with AS.

Differential Diagnosis and Initial Evaluation

In the subject with chronic AR, the characteristic findings
on physical examination include bounding peripheral arte-
rial pulses with a rapid upstroke (from the increased LV
stroke volume) and rapid runoff (from regurgitation into
the LV). The precordial impulse is hyperdynamic and dis-
placed inferiorly and laterally. Auscultation reveals a high-
pitched, decrescendo murmur commencing immediately
after S2 and extending through part or all of diastole. A sys-
tolic ejection murmur in the absence of valvular stenosis is
caused by the markedly increased LV stroke volume. An
apical diastolic rumble (the Austin Flint murmur) repre-
sents turbulent flow across the mitral valve with its anterior
leaflet held partially closed by aortic regurgitant flow.

The ECG typically shows LV hypertrophy. The chest
radiograph reveals an enlarged cardiac silhouette and a di-
lated ascending aorta. Echocardiography permits a deter-
mination of LV dimensions during diastole and systole, an
assessment of LV systolic function, and measurement of as-
cending aortic width. Doppler echocardiography, which
can measure the regurgitant jet width at the valve orifice
and the regurgitant jet volume (into the LV), permits an es-
timate of the severity of AR. Invasive evaluation by catheter-
ization includes aortography (to assess the severity of AR)
and left ventriculography (to determine LV volumes and
function). The presence and severity of AR may be evalu-
ated qualitatively by aortography, with which the amount

of radiographic contrast material that regurgitates into the
LV during diastole can be observed (Table 41.3). To obtain
a quantitative assessment of the severity of AR, the regurgi-
tant fraction (RF) can be calculated. The RF is the percent-
age of total angiographic LV output that regurgitates into
the LV:

RF � (Angiographic Cardiac Output � Forward Cardiac
Output)/Angiographic Cardiac Output

Typically, valvular regurgitation with an RF of 0.6 or more
is considered to be severe; 0.40–0.59, moderate; 0.20–0.39,
mild; and below 0.2, trivial.

Indications for Hospitalization

Although heart failure often can be treated in the outpa-
tient setting, hospitalization is required for the subject with
refractory heart failure. Heart failure caused by moderate-
to-severe AR is an indication for prompt evaluation for
valve replacement.

Indications for Initial Intensive Care 
Unit Admission

Heart failure resistant to standard medical therapy (diuret-
ics and vasodilators) is often seen in severe acute AR and
may require invasive hemodynamic monitoring and intra-
venous sodium nitroprusside (for afterload reduction) as
temporizing measures before valve replacement. These
measures are rarely necessary in the patient with chronic
AR, whose LV has adapted gradually to the altered loading
conditions.

Initial Therapy

Initial therapy of the patient with chronic AR should in-
clude diuretics and afterload reduction (with hydralazine,
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TABLE 41.3
RELATIONSHIP BETWEEN APPEARANCE OF REGURGITANT CONTRAST
AFTER AORTOGRAPHY AND SEVERITY OF AORTIC REGURGITATION

Angiographic grade Definitiona Descriptor

1� Regurgitant contrast clears LV with Trivial
each systole

2� Regurgitant contrast does not clear Mild
from LV; LV density � aortic

3� Regurgitant contrast does not clear Moderate
from LV; LV density � aortic

4� Regurgitant contrast does not clear Severe
from LV; LV density � aortic or LV
fills (from aorta) in one diastole

a Contrast is injected into ascending aorta (aortogram) immediately above the aortic valve. Incompetent
aortic valve permits regurgitation of contrast into left ventricle (LV).
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an angiotensin-converting enzyme inhibitor, or a
dihydropyridine-class calcium channel antagonist).
Chronic afterload reduction has been shown to improve
symptoms, reduce the need for hospitalization, and delay
the need for valve replacement in patients with chronic AR.

Although the etiology of chronic AR is not usually im-
portant for guiding therapy, it is critical that the patient
with acute AR be evaluated for possible infective endo-
carditis. Symptomatic acute AR is generally an indication
for urgent surgery. In patients with endocarditis, however,
the indications for surgery must be balanced against the
benefits of administering antibiotics before surgery
(Chapter 71).

Issues for Early Consultation

The cardiologist can assist with the choice of initial medi-
cal therapy, further evaluation (i.e., echocardiography,
cardiac catheterization), and the decision to operate or to
continue medical therapy. Early consultation may reduce
hospitalization and procedural costs and improve
outcome.

Issues During the Course of Hospitalization

The key issue during hospitalization is the determination
of the need for and timing of surgical intervention. Unlike
valvular stenosis, valvular regurgitation may progress insid-
iously and may cause LV compromise before symptoms
develop. In general, the symptomatic patient with moder-
ate-to-severe AR should be considered for valve surgery. In
addition, the asymptomatic patient with moderate-to-
severe AR and evidence of LV systolic dysfunction should
be referred for evaluation and probable valve replacement
(Table 41.2) (4).

Discharge Issues

The asymptomatic patient with AR and normal LV systolic
function can be followed expectantly, with periodic
echocardiographic assessments of LV function and cham-
ber dimensions. The onset of symptoms or a deterioration
in LV systolic function (manifested as an increased LV end-
systolic dimension or a decreased LV ejection fraction)
should prompt cardiac consultation with an eye toward
valve replacement. Surgical intervention before the devel-
opment of severe LV systolic dysfunction is imperative.

MITRAL STENOSIS

Issues at the Time of Admission

Mitral stenosis (MS) is almost always the result of previous
rheumatic carditis. The mitral valve leaflets thicken and

become scarred and fused at the commissures, and the
chordae tendineae shorten and become fused. Eventually,
the valve leaflets become calcified and immobile. Symp-
toms attributable to MS usually do not develop until 15–20
years after the initial rheumatic injury.

Clinical Presentation

The patient with MS usually first notes dyspnea or fatigue.
Dyspnea results from an elevated left atrial (LA) pressure,
with resultant pulmonary congestion. Fatigue is caused by
failure to augment cardiac output appropriately during ex-
ertion. When MS is mild, the patient may experience dysp-
nea only in association with a tachycardia (i.e., during
physical exertion, pregnancy, infection, or the appearance
of atrial fibrillation). Tachycardia shortens the LV diastolic
filling period (when flow across the mitral valve occurs),
thereby increasing LA pressure. As the stenosis becomes
more severe, dyspnea occurs with less exertion and eventu-
ally at rest. Other, less common symptoms of MS include
chest pain, hemoptysis, sequelae of systemic arterial
thromboembolism, and hoarseness resulting from com-
pression of the recurrent laryngeal nerve by an enlarged LA
(Ortner’s syndrome).

Differential Diagnosis Initial Evaluation

In the patient with MS, the carotid arterial pulsation usu-
ally is normal and the precordial impulse is normal. A right
ventricular (RV) lift may be palpated if concomitant pul-
monary hypertension is present. Auscultation reveals an
opening snap (OS) usually between 0.08 and 0.12 seconds
after S2, followed by a diastolic murmur. The opening snap
is caused by sudden tensing of the mitral valve leaflets after
the cusps have completed their opening excursion. A short
A2–OS interval suggests severe MS. The diastolic murmur of
MS is low-pitched, rumbling, and heard best with the bell
of the stethoscope at the cardiac apex with the patient in the
left lateral decubitus position. S1 is typically loud, though it
softens if the valve becomes progressively fixed and regur-
gitant. S2 is normal initially, but P2 becomes louder (and
may be louder than A2) as pulmonary hypertension devel-
ops. In the subject with pulmonary hypertension, a Gra-
ham Steell murmur of pulmonic regurgitation may be pre-
sent.

In the patient with MS, the ECG frequently shows atrial
fibrillation. LA enlargement is noted in most subjects with
severe MS who are in sinus rhythm,RV hypertrophy may be
seen in the setting of pulmonary hypertension, and the
chest radiograph usually reveals LA enlargement. With pul-
monary hypertension, the pulmonary arteries, RV, and
right atrium (RA) may be enlarged. Echocardiography re-
veals LA enlargement and a thickened and usually calcified
mitral valve with decreased leaflet mobility. LV systolic
function is usually normal but may be mildly depressed in
some patients. The severity of MS (Table 41.4) can be
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determined by (a) planimetry of the valve orifice by
transthoracic echocardiography or (b) measurement of the
decay of the transvalvular pressure gradient (pressure half-
time method) by Doppler echocardiography. In addition,
echocardiography allows one to assess the suitability of the
valve for percutaneous mitral balloon valvuloplasty (PMBV), in
that certain echocardiographic features of the mitral valve
and its subvalvular apparatus (i.e., leaflet thickening, leaflet
mobility and calcification, and subvalvular thickening) in-
fluence the results of PMBV (5). Catheterization permits
the simultaneous measurement of LA (often measured as
pulmonary capillary wedge) and LV pressures (pressure
gradient across the valve) (Figure 41.2), a determination of
cardiac output, and, therefore, calculation of the valve area
by the Gorlin equation (see Aortic Stenosis). In addition,
the presence and severity of concomitant mitral regurgita-
tion (MR), aortic valvular disease, and CAD can be
assessed.

Indications for Hospitalization

The patient with symptomatic MS requires hospitalization
only if outpatient therapy is inadequate to control

pulmonary congestion or if complications such as atrial
fibrillation with a rapid ventricular response develop. Most
subjects with dyspnea (from pulmonary congestion) and
fatigue (from a low cardiac output) can be evaluated and
treated as outpatients.

Indications for Initial Intensive Care 
Unit Admission

The patient with MS rarely has such severe pulmonary con-
gestion that ICU admission is required. However, intensive
care may be required for pulmonary edema or markedly di-
minished cardiac output, either of which may be caused by
atrial arrhythmias.

Initial Therapy

Pulmonary congestion is treated with diuretics. Mainte-
nance of sinus rhythm is important in patients with MS, in
whom a normal atrial “kick” may account for 20%–25% of
cardiac output. In subjects with atrial fibrillation, the ven-
tricular response rate should be controlled (Chapter 42).
Electrical cardioversion to sinus rhythm can be attempted
after the patient has received anticoagulant therapy for at
least 3–4 weeks or if a transesophageal echocardiogram
shows no evidence of a left atrial thrombus. The restoration
of sinus rhythm often improves symptoms and reduces the
risk of systemic thromboembolisim. Following successful
cardioversion, the patient with MS and an enlarged left
atrium should remain on chronic anticoagulant therapy in-
definitely.

Issues for Early Consultation

Consultation with a cardiologist is appropriate as part of
the care of any patient with symptomatic MS. As with pa-
tients with other valvular abnormalities, the cardiologist
can help to determine initial medical therapy, appropriate
diagnostic studies, and the need for nonmedical interven-
tion (surgery or PMBV).

Issues During the Course of Hospitalization

The subject with MS often first seeks medical attention with
pulmonary congestion associated with an inciting event,
such as the onset of atrial fibrillation, pregnancy, or an in-
fection. Unlike patients with the valvular abnormalities
discussed previously, the patient with MS should be managed
medically until symptoms are limiting (Table 41.2). In these
“medically refractory” subjects, the choice of surgery or per-
cutaneous valvuloplasty should be discussed with the con-
sulting cardiologist. In general, PMBV is most efficacious in
younger patients with minimal valvular calcification. It
should be avoided in the patient with LA thrombus, heavy
valvular calcification, subvalvular thickening, or moderate
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TABLE 41.4
RELATIONSHIP BETWEEN MITRAL VALVE AREA
AND SEVERITY OF MITRAL STENOSIS

Normal MVA 4 to 6 cm
Trivial MS �2.0 cm2a

Mild MS 1.5–2.0 cm2

Moderate MS 1.0–1.5 cm2

Severe MS �1.0 cm2

a With a pressure gradient.
MS, mitral stenosis; MVA, mitral valve area. 
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Figure 41.2. Simultaneous pressure recordings from the left
atrium (LA) and left ventricle (LV ) demonstrating a diastolic gradi-
ent in a patient with mitral stenosis. The gradient is shaded. (Re-
drawn from Lange RA, Hillis LD. Diagnostic and therapeutic
catheterization. In: Humes DG, ed. Textbook of Internal Medicine,
4th ed. Philadelphia: Lippincott Williams & Wilkins, 2002, p. 628,
with permission.)
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or severe MR. If PMBV is not available or is contraindicated,
mitral valve surgery (commissurotomy or valve replace-
ment) should be performed.

Discharge Issues

Outpatient therapy includes endocarditis prophylaxis at
the time of dental and genitourinary procedures (Table
30.10) and treatment of pulmonary congestion, when pre-
sent. In addition, because the subject with MS and atrial
fibrillation or an enlarged LA is particularly prone to LA
thrombus formation, prophylactic warfarin anticoagula-
tion to an International Normalized Ratio (INR) of 2.5–3.5
is indicated. The patient with atrial fibrillation may benefit
from receiving a 	-adrenergic or calcium channel blocking
agent to slow the ventricular response and increase the LV
diastolic filling time, thereby decreasing LA pressure and
diminishing pulmonary congestion. Symptoms that persist
despite therapy should prompt referral to a cardiologist for
consideration of balloon valvuloplasty or surgery.

MITRAL REGURGITATION

Issues at the Time of Admission

Mitral regurgitation (MR) may be caused by any disorder
that affects one or more of the components of the mitral
valve apparatus, including the annulus, leaflets, chordae
tendineae, and papillary muscles. In the United States, the
most common cause of isolated, chronic MR is myxoma-
tous valvular degeneration. Chronic MR also may result
from rheumatic injury, rupture of the chordae tendineae,
and papillary muscle dysfunction or rupture. LV enlarge-
ment of any cause results in annular dilatation, which may
lead to incomplete leaflet coaptation and resultant MR. In
addition, chronic MR may occur as a result of certain con-
genital or heritable diseases (i.e., Marfan syndrome, Ehlers-
Danlos syndrome, endocardial cushion defects). Acute MR
most often results from (a) ruptured chordae tendineae
(due to myxomatous degeneration, infective endocarditis,
trauma, or rheumatic disease), (b) papillary muscle dys-
function or rupture (caused by myocardial ischemia or
infarction), or (c) leaflet damage caused by infective endo-
carditis.

When MR is present, total LV output consists of forward
output (from the LV to the systemic arterial circulation)
and regurgitant flow (from the LV to the LA). Forward out-
put is maintained by compensatory LV dilatation and
hypertrophy. The patient with chronic MR is often asymp-
tomatic for years. Eventually, the chronic diastolic LV vol-
ume overload causes symptoms of pulmonary congestion
or asymptomatic LV systolic dysfunction, which is signaled
by an increased LV end-systolic dimension or a decreased
LV ejection fraction.

Clinical Presentation

The patient with chronic MR may be asymptomatic for
months or even years. The initial symptom is usually dysp-
nea (caused by pulmonary congestion) or fatigue (caused
by a decreased forward output). As the disease progresses,
the patient notes dyspnea with less exertion, orthopnea,
and paroxysmal nocturnal dyspnea. In some patients with
chronic MR, pulmonary hypertension develops, which may
lead to right-sided heart failure, with peripheral edema, as-
cites, and hepatic congestion.

Differential Diagnosis and Initial Evaluation

On physical examination, the patient with MR has a nor-
mal carotid arterial upstroke. The precordial impulse is hy-
perdynamic (because of an increased LV stroke volume)
and displaced inferolaterally. The typical MR murmur is
holosystolic, blowing in quality, and heard best at the apex,
with radiation to the axilla. There is no correlation between
the intensity of the murmur and the severity of MR. Even a
relatively soft murmur deserves further evaluation (with
echocardiography) if the patient has pulmonary conges-
tion, systemic arterial hypotension, or evidence of a dimin-
ished cardiac output. The murmur of MR may be confused
with that of (a) a ventricular septal defect, which is heard
best along the left sternal border and is often accompanied
by a palpable thrill; (b) tricuspid regurgitation, which is
heard best at the left lower sternal border and increases in
intensity with inspiration; and (c) AS, especially in the el-
derly or in patients whose MR is due to dysfunction of the
posterior mitral valve leaflet.

The ECG reveals LA enlargement in most patients with
chronic MR and LV hypertrophy in about a third.
Frequently, the patient is in atrial fibrillation. The chest
radiograph demonstrates LA and LV dilatation. Two-
dimensional echocardiography (a) reveals LA enlargement,
(b) documents LV chamber dimensions and function, and
(c) helps to define the underlying pathophysiology of MR
(i.e., ruptured chordae tendineae or papillary muscle, mi-
tral valve prolapse, vegetation of infective endocarditis).
Doppler echo permits quantification of the MR. Invasive
evaluation by catheterization allows an assessment of the
severity of MR by left ventriculography (Table 41.5) and de-
termination of a regurgitant fraction (see Aortic Regurgita-
tion). Moreover, left ventriculographic volumes permit an
assessment of LV systolic function. Finally, coronary an-
giography can be performed; in general, it should be re-
served for patients being considered for valve surgery.

Indications for Hospitalization

Most patients with chronic MR can be managed in the am-
bulatory setting. As noted, the most common initial symp-
tom is dyspnea (caused by pulmonary congestion), which
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is treated with diuretics, digitalis, and afterload reduction.
Once the patient with MR is symptomatic, evaluation of
the severity of MR and its effect on LV systolic function is
imperative (6). Referral for possible surgical intervention is
indicated in patients with (a) persistent symptoms and
normal LV systolic function or (b) evidence of mild or
moderate LV systolic dysfunction even without symptoms
(Table 41.2).

Indications for Initial Intensive Care 
Unit Admission

The patient with MR due to rupture of chordae tendineae
(caused most commonly by trauma or infective endocardi-
tis), papillary muscle dysfunction or rupture (from myocar-
dial ischemia or infarction), or leaflet injury (from infective
endocarditis) often has severe pulmonary congestion and,
therefore, may require urgent intervention. On physical ex-
amination, the patient is tachypneic and often prefers the
upright to the supine position. The acute process does not
permit the development of LA enlargement and alterations
in the pulmonary vasculature; as a result, LA pressure is
markedly elevated. Acute MR usually requires prompt surgi-
cal intervention.

Initial Therapy

The patient with acute MR may be supported temporarily
with inotropic agents and afterload reduction (vasodila-
tors, intraaortic balloon counterpulsation, or both).
Echocardiography should be performed preoperatively in
an attempt to define the valvular pathology, assess repara-
bility, determine LV function, and document other cardiac
abnormalities. Coronary angiography should be per-
formed in patients over 40 years of age or in those with pre-
vious myocardial infarction or risk factors for atherosclero-
sis. Subjects with severe MR and pulmonary edema require

diuretic therapy and afterload reduction (with sodium ni-
troprusside or intraaortic balloon counterpulsation) to al-
leviate pulmonary congestion. In the patient with only
mildly decompensated heart failure, the combination of
digitalis, diuretics, and angiotensin-converting enzyme in-
hibitors may render him or her asymptomatic. Impor-
tantly, no large, long-term studies demonstrating the
efficacy of angiotensin-converting enzyme inhibitors or
other vasodilators in patients with chronic MR have been
performed. Therefore, once symptoms appear or LV systolic
dysfunction is noted, surgery is the most appropriate ther-
apy (Table 41.2) (7).

Issues for Early Consultation

For the patient with MR, the cardiologist can assist with the
selection of appropriate initial medical therapy, further
evaluation, and the decision regarding referral for valve
surgery.

Issues During the Course of Hospitalization

Perioperative morbidity and mortality are influenced by
the patient’s clinical and hemodynamic condition, LV sys-
tolic function, the presence of concomitant CAD, and other
comorbidities (renal, hepatic, or pulmonary disease). In
addition, the ability to repair—rather than to replace—the
valve has prognostic import (8). Until Carpentier and Du-
ran popularized mitral valve repair, valve replacement with
chordal transection was the only surgical option for the pa-
tient with MR. Nowadays, mitral valve repair (with or with-
out an annuloplasty ring) or valve replacement with
chordal preservation have improved short- and long-term
outcomes in patients requiring mitral valve surgery. Pa-
tients who undergo valve repair do not require long-term
anticoagulation if they remain in sinus rhythm, and they
avoid possible late prosthetic valve dysfunction. In
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TABLE 41.5
RELATIONSHIP BETWEEN APPEARANCE OF REGURGITANT CONTRAST
AFTER VENTRICULOGRAPHY AND SEVERITY OF MITRAL REGURGITATION

Angiographic grade Definitiona Descriptor

1� Regurgitant contrast clears LA with each beat Trivial
2� Regurgitant contrast does not clear LA; Mild

LA density �LV
3� Regurgitant contrast does not clear LA; Moderate

LA density � LV
4� Regurgitant contrast does not clear from LA; Severe

LA density � LV or LA fills (from LV) in one
systole or contrast refluxes into pulmonary 
veins

a Contrast is injected into left ventricle (LV) (ventriculogram). Incompetent mitral valve permits
regurgitation of contrast into left atrium (LA).
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addition, chordal and papillary muscle-sparing procedures
help to maintain normal LV geometry and systolic function
postoperatively.

Discharge Issues

Similar to patients with AR, the asymptomatic patient with
MR should be seen and evaluated periodically for the de-
velopment of symptoms or evidence of LV systolic dys-
function. Endocarditis prophylaxis should be administered
for dental and other procedures (Table 30.10).

TRICUSPID REGURGITATION

Issues at the Time of Admission

Tricuspid regurgitation (TR) most often results from di-
latation of the RV and, hence, the tricuspid annulus. An-
nular dilatation prevents normal leaflet coaptation and re-
sults in functional or “secondary” TR. RV enlargement
usually is secondary to pulmonary hypertension from MS,
LV failure, cor pulmonale, or pulmonary embolic disease.
Other etiologies of TR include rheumatic valvular disease,
endocarditis, tricuspid valve prolapse, Ebstein’s anomaly,
phentermine–fenfluramine toxicity, and carcinoid heart
disease (9).

Clinical Presentation

In the absence of pulmonary hypertension, TR is generally
well tolerated. However, when pulmonary hypertension
and TR coexist, cardiac output declines, and right-sided ve-
nous congestion ensues.

Differential Diagnosis and Initial Evaluation

Physical examination reveals jugular venous distention
with prominent v waves and a prominent y descent. The RV
is hyperdynamic, as reflected by an RV lift. The liver is often
enlarged and tender; it may even be pulsatile. Ascites and
peripheral edema may be present. Auscultation reveals a
high-pitched, pansystolic murmur heard best at the left
lower sternal border. The murmur increases in intensity
with inspiration (Carvallo sign). A right-sided S3 may be
heard, and P2 is prominent in the setting of pulmonary hy-
pertension. If tricuspid valve prolapse is present, a midsys-
tolic click may be audible. Holosystolic murmurs that may
be mistaken for TR include those of MR (see Mitral Regur-
gitation) and ventricular septal defect. With TR, the ECG
may show an incomplete right bundle branch block, and
the patient frequently is in atrial fibrillation. Chest radiog-
raphy reveals distention of the caval and azygous venous
systems. Echocardiography permits (a) detection and as-
sessment of the severity of TR, (b) estimation of pulmonary

arterial systolic pressure, (c) assessment of RV function,
and (d) assessment of RV and RA size. In addition, echocar-
diography may identify the etiology of TR (i.e., valvular
prolapse, vegetation in the case of endocarditis, valvular
thickening with carcinoid). At catheterization, RA pressure
is elevated, increases with inspiration, and may even quali-
tatively resemble RV pressure if the TR is severe.

Issues During the Course of Hospitalization

In the absence of pulmonary hypertension, TR usually does
not require surgery. The patient is often given diuretics to
relieve peripheral venous congestion. Effective treatment of
the underlying pulmonary hypertension (Chapter 59) usu-
ally leads to an improvement in secondary tricuspid regur-
gitation. When surgery is required, valve repair can be
performed with or without an annuloplasty ring. When
valve replacement is required, a bioprosthesis (rather than
a mechanical valve) is preferred, as the relatively low veloc-
ity of flow in the right heart chambers increases the likeli-
hood of thrombus formation on a mechanical valve. Be-
cause of the relatively low right-sided pressures, tricuspid
valve bioprostheses have excellent longevity (10).

PROSTHETIC HEART VALVES

When a patient with a prosthetic heart valve develops fever
or heart failure, a thorough evaluation of the prosthesis is
mandatory. Prosthetic heart valves may be bioprosthetic or
mechanical; the latter, in turn, may be composed of a tilting
disc (single or bileaflet) or ball-in-cage. Central to the as-
sessment of prosthetic valve function is an understanding of
the normal auscultatory findings for each valve type in the
mitral or aortic position (10). In patients in whom pros-
thetic valve dysfunction is suspected, several imaging
modalities may be used to assess valve function. In subjects
with mechanical valves, cinefluoroscopy is a simple, inex-
pensive technique for assessing prosthetic structural in-
tegrity. Diminished motion of the disk or ball suggests
obstruction by thrombus or tissue ingrowth, whereas exces-
sive tilt (“rocking”) of the base ring is consistent with partial
dehiscence of the valve’s sewing ring. Cinefluoroscopy can-
not be used to visualize the leaflets of bioprosthetic valves.
Two-dimensional transthoracic echocardiography can be
used to assess sewing-ring stability and leaflet motion of
bioprosthetic valves, but mechanical valves are often diffi-
cult to visualize because of intense echo reverberations from
the metal. Transesophageal echocardiography may better vi-
sualize the mitral valve, but assessment of a prosthesis in the
aortic position may be limited (because of echo reverbera-
tions), especially when another prosthesis is present in the
mitral position.

New-onset heart failure is an important complication
following implantation of a prosthetic valve. Of the vari-
ous causes of heart failure, prosthetic valve thrombosis is
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potentially catastrophic; it is usually manifested as acute
hemodynamic deterioration, pulmonary congestion, poor
peripheral perfusion, or systemic thromboembolism. Valve
thrombosis most often results from inadequate anticoagu-
lant therapy; it affects mechanical valves more often than
bioprostheses and involves those placed in the mitral posi-
tion more commonly than the aortic. Once the diagnosis of
valve thrombosis has been established, intravenous
heparin therapy should be instituted promptly. More ag-
gressive therapy (valve replacement or thrombolysis) is in-
dicated when the thrombus burden is large (more than 5
mm in diameter) or when the patient does not improve
with systemic heparinization alone.

In the subject with a prosthetic heart valve, other causes
of heart failure include (a) perivalvular leakage (caused by
spontaneous dehiscence of the suture line or endocarditis),
(b) structural failure of the prosthetic valve (caused, for ex-
ample, by disc dislodgement or ball fracture of mechanical
valves or leaflet avulsion of a bioprosthesis), and (c) bio-
prosthesis leaflet damage (from thickening and retraction
or endocarditis). Structural failure of a mechanical pros-
thesis is rare. One exception, the Bjork-Shiley single tilting
disc valve, was withdrawn from use after reports of fracture
of the valve ring structure, resulting in displacement and
embolization of the disk. Structural failure of bioprosthetic
valves necessitates replacement of 20%–30% over the en-
suing 10–15 years. Most patients whose valves fail have se-
vere regurgitation caused by a tear or rupture of one or
more of the valve cusps, which have become calcified and
rigid; only an occasional subject develops severe biopros-
thetic valve stenosis. The incidence of bioprosthetic valve
failure is particularly high in patients under 40 years old
and in those with mitral prostheses. The magnitude of
valve dysfunction can be assessed by echocardiography or
catheterization.

Prosthetic valve infection occurs at some time in 3%–6%
of patients. “Early” endocarditis (occurring less than 60
days after valve replacement) usually results from periop-
erative bacteremia that develops from skin or wound in-
fections or contaminated intravascular devices. The most
common offending organisms, therefore, are Staphylococ-
cus epidermidis, S. aureus, gram-negative bacteria, diph-
theroids, and fungi. “Late” prosthetic valve endocarditis (oc-
curring more than 60 days postoperatively) is usually
caused by the organisms responsible for native valve en-
docarditis, most often streptococci. The risk of endocardi-
tis is similar in patients with mechanical and biopros-
thetic valves.

Long Term Follow-up of Prosthetic Valves

The patient with a prosthetic valve should be seen and
evaluated regularly to assess the presence of new symp-
toms or murmurs. The presence of either warrants a
complete and thorough evaluation, including an echocar-

diogram. All patients with prosthetic valves should receive
endocarditis prophylaxis for dental or other procedures.
The possibility of prosthetic valve endocarditis should be
entertained in the patient with an unexplained or persis-
tent fever and should prompt the acquisition of several
blood samples for culture prior to the administration of
antibiotic therapy (Chapter 71). The causative organism
can be identified by routine blood culture in over 90% of
patients who have not recently received antibiotics. In ad-
dition to fever, other findings of prosthetic valve endo-
carditis include a new or changing murmur, systemic em-
bolization, and heart failure. All patients with a
mechanical valve should receive chronic anticoagulant
therapy, with the precise target INR determined by the
type of valve and its position (10).

COST CONSIDERATIONS AND
RESOURCE USE

The asymptomatic patient with valvular heart disease can
be followed in the outpatient setting until the onset of
symptoms or the appearance of early, often asymptomatic,
LV systolic dysfunction. At such time, the decision to con-
tinue medical therapy or to pursue surgical intervention
should be made. Consultation with a cardiologist is the
appropriate next step. The cardiologist can (a) provide
guidance concerning medical therapy that may reduce the
need for hospitalization and delay valve surgery; (b) help
to determine which diagnostic studies are indicated,
thereby avoiding costly and unwarranted testing; and (c)
assist in the decision of when to operate by weighing the
risks and potential benefits of surgery.

KEY POINTS

■ The asymptomatic patient with aortic stenosis may be fol-
lowed expectantly until symptoms develop. Once
angina, syncope, near-syncope, or heart failure develops
in the patient with moderate-to-severe aortic stenosis,
valve replacement should be performed promptly.

■ Symptomatic patients with aortic regurgitation should un-
dergo valve replacement. Asymptomatic patients should
be treated with afterload-reducing agents to slow disease
progression. In addition, the patient should be moni-
tored for evidence of LV systolic dysfunction, and surgi-
cal correction should be pursued if this develops.

■ Patients with mitral stenosis should be managed medi-
cally until symptoms persist despite such therapy. Anti-
coagulation should be maintained to reduce the risk of
systemic embolization.

■ Similar to patients with aortic regurgitation, those with
mitral regurgitation should undergo mitral valve surgery
for the relief of symptoms or deterioration of left ven-
tricular systolic function (even without symptoms).
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Advances in mitral valve surgery, including valve repair
and valve replacement with chordal preservation, have
improved perioperative and long-term outcomes in pa-
tients with mitral regurgitation.

■ Tricuspid regurgitation is usually caused by right ventricu-
lar dilatation (functional or “secondary” tricuspid regur-
gitation) resulting from pulmonary hypertension associ-
ated with mitral stenosis, left ventricular failure, cor
pulmonale, or pulmonary embolic disease. In the
absence of pulmonary hypertension, tricuspid regurgita-
tion usually does not require surgical therapy.
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Atrial Fibrillation, 

Atrial Flutter, and

Other Supraventricular

Tachyarrhythmias
Leonard I. Ganz

INTRODUCTION

Supraventricular tachyarrhythmias (SVTs) frequently cause
emergency department visits and hospital admissions, and
they also occur commonly in patients hospitalized for
other reasons. SVTs require atrial or atrioventricular (AV)
junctional tissue for their initiation and maintenance,
whereas ventricular tachyarrhythmias require only ventric-
ular tissue for their initiation and maintenance (Chapter
43). SVTs may be classified according to whether AV junc-
tional or only atrial tissue is critical to the tachycardia
(Table 42.1).

TACHYCARDIAS ARISING IN
ATRIAL TISSUE

In atrial fibrillation (AF), the most common SVT, the orderly
sequence of sinus rhythm (SR) is replaced by rapidly firing
foci and/or multiple reentry circuits in the atria that bom-
bard the AV node, resulting in a rapid and irregular ven-
tricular rate. In some patients, the AF has a “focal” origin,
typically in the pulmonary veins near where they enter the
left atrium. In atrial flutter, a single macroreentry circuit in
the right atrium inscribes regular, sawtooth flutter waves.

AF and atrial flutter may be paroxysmal, with episodes that
revert spontaneously, or persistent, with episodes that per-
sist unless the patient is cardioverted to sinus rhythm. If
efforts at cardioversion are unsuccessful, AF is considered
permanent. Atrial tachycardia (AT), also called ectopic or
unifocal AT, occurs if an isolated atrial focus fires at a rate
substantially higher than that of the sinus node. In multi-
focal AT (MAT), patients have at least three different P-wave
morphologies with irregular ventricular rates greater than
100 beats/min.

TACHYCARDIAS ARISING IN THE
AV JUNCTION

Most regular SVTs require the participation of the AV node.
Two mechanisms, AV nodal reentrant tachycardia (AVNRT)
and AV reentrant tachycardia (AVRT), constitute the major-
ity of what are called paroxysmal supraventricular tachy-
cardias (PSVT) (1, 2). In AVNRT, dual AV nodal pathway
physiology provides the substrate for a reentry circuit in-
volving the AV node (Figure 42.1). In AVRT, an accessory
pathway, which connects an atrium and corresponding
ventricle, can serve as a limb in a reentry circuit (Figure
42.2). Some patients with this arrhythmia manifest

42

26410 ch 042  3/12/05  9:15 AM  Page 393



ventricular preexcitation, known as the Wolff-Parkinson-
White (WPW) syndrome. In other patients, the accessory
connection is concealed during sinus rhythm and becomes
evident only during an SVT. AVRT has two forms, ortho-
dromic and antidromic. In orthodromic AVRT, antegrade
conduction is over the AV node, resulting in a narrow QRS
complex, and retrograde conduction goes up the accessory
pathway. These accessory pathways can be manifest or con-
cealed accessory pathways. Much less common is an-

tidromic AVRT, in which the circuit is reversed, resulting in
a wide and bizarre QRS complex. This phenomenon occurs
only in WPW syndrome. Patients with WPW syndrome
merit special attention because of the possibility of ex-
tremely rapid ventricular rates during AF or atrial flutter
and the risk that these rhythms will deteriorate into ven-
tricular fibrillation.

PREVALENCE AND ASSOCIATED
CONDITIONS

Associated cardiovascular disease, including hyperten-
sion, is encountered frequently in patients with AF. The
prevalence of AF increases with age as approximately
2%–5% of patients in their seventies and 4%–10% in
their eighties have AF. Fewer epidemiologic data exist re-
garding other forms of supraventricular arrhythmia. PSVT
may be seen in patients of all ages, both in the absence
and presence of structural heart disease. Overall, the
prevalence of PSVT is on the order of several per thou-
sand; the prevalence of the WPW pattern on an electro-
cardiogram (ECG) is similar.
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TABLE 42.1
CLASSIFICATION OF SURPRAVENTRICULAR
TACHYARRHYTHMIAS

Atrial A-V Junctional

Sinus tachycardia A-V nodal reentrant tachycardia
Atrial fibrillation A-V reentrant tachycardia
Atrial flutter Junctional ectopic tachycardia
Atrial tachycardia Nonparoxysmal junctional tachycardia
Multifocal atrial 

tachycardia

A-V, atrioventricular.

Atrioventricular
node

A

P

Lead II

Sinus Rhythm

Slow

Common Atrioventricular Nodal
Reentrant Tacycardia

Uncommon Atrioventricular 
Nodal Reentrant Tachycardia

Fast Slow Fast Slow Fast

P P P P' P'APD P P' P'

VPD
V

Figure 42.1. Mechanisms of atrioventricular nodal reentrant tachycardias. Each panel shows the
AV node (top), a ladder diagram (middle), and surface ECG lead II (bottom). Solid lines indicate an-
terograde conduction and broken lines retrograde conduction; straight lines represent fast pathway
conduction and wavy lines slow pathway. During sinus rhythm, the slow pathway is not apparent, as
the impulse travels down the fast pathway, turns around, and retrogradely penetrates into the slow
pathway. An atrial premature depolarization (APD) blocks in the fast pathway, conducts down the
slow pathway, and then can conduct retrograde up the fast pathway, initiating atrioventricular nodal
reentrant tachycardia. Less commonly, a ventricular premature depolarization (VPD) conducts up
the slow pathway, initiating the uncommon form of atrioventricular nodal reentrant tachycardia. A,
atrium; P, sinus P waves; P’, atrial echoes from atrioventricular nodal reentry; V, ventricle. (Reprinted
from Ganz LI, Friedman PL. Supraventricular tachycardia. N Engl J Med 1995;332:162–173, with
permission.)
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Wide-complex Tachycardia

SVTs usually present with a narrow QRS complex. Wide-
complex tachycardias may be due to ventricular tachycardia
(VT) or SVT with aberrant conduction into the ventricles.
Aberrancy may be fixed (i.e., bundle branch block occur-
ring at any heart rate), rate-related (i.e., narrow QRS at nor-
mal sinus rates but bundle branch block at rapid rates), or
caused by antidromic conduction over an accessory path-
way (i.e., only in patients with WPW syndrome). Whereas
VT occurs primarily in patients with structural heart disease
(e.g., coronary artery disease or cardiomyopathy) and can
cause cardiac arrest, SVT is rarely life-threatening (except
for WPW syndrome with AF or atrial flutter).

Algorithms can aid in determining whether a wide-
complex tachycardia is VT or SVT (Figure 42.3) (3). Several
issues warrant emphasis, however. First, among wide com-
plex tachycardias, VT occurs much more frequently than
SVT with aberrancy. Second, in patients with structural
heart disease, particularly coronary artery disease or car-
diomyopathy, wide-complex tachycardia is almost always
caused by VT. Finally, misdiagnosis of SVT as VT rarely
causes untoward consequences, but misdiagnosis of VT as

SVT and treatment with an intravenous (IV) AV nodal
blocking agent can precipitate cardiac arrest. Thus, unless a
wide-complex tachyarrhythmia is known to be supraventricular
in origin, it should be presumed to be VT and treated as such un-
til proven otherwise. Therapy should be direct current (DC)
cardioversion in unstable patients and IV drug therapy in
hemodynamically stable patients.

In hemodynamically stable patients, intravenous amio-
darone is increasingly used because it is effective for both
VT and SVT and is safe, even in patients with left ventricu-
lar dysfunction (4). Lidocaine may be most effective for VT
caused by acute ischemia or myocardial infarction (MI).
Procainamide may be more effective in other settings and
is the agent of choice in patients with WPW and AF, or
atrial flutter. IV adenosine has been proposed as a diag-
nostic or therapeutic challenge in patients with hemody-
namically tolerated wide-complex tachycardia, because it
terminates most PSVT and unmasks atrial flutter by tran-
siently blocking AV conduction. However, in rare cases
adenosine can cause hemodynamically-tolerated VT to
deteriorate into cardiac arrest. Thus, if adenosine is to be
administered to patients with wide-complex tachycardia, a
defibrillator should be immediately available.
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Figure 42.2. Mechanisms of atrioventricular reentrant tachycardias. During sinus rhythm the ini-
tial part of the QRS, the delta wave, results from ventricular preexcitation over the accessory path-
way. During orthodromic atrioventricular reentrant tachycardia, antegrade conduction is over the
normal His–Purkinje system, inscribing a normal QRS. Rarely, antidromic atrioventricular reentrant
tachycardia causes a wide, bizarre QRS, because the entire ventricle is depolarized over the acces-
sory pathway, with retrograde conduction over the normal His–Purkinje system and atrio-ventricular
node. (Reprinted from Ganz LI, Friedman PL. Supraventricular tachycardia. N Engl J Med
1995;332:162–173, with permission.)
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ARRHYTHMIAS PRESENTING AT THE
TIME OF ADMISSION

Clinical Presentation

Symptoms referable to AF and other supraventricular
arrhythmias span a wide range (Table 42.2). Some AF

patients are truly asymptomatic, and severe symptoms
most commonly are seen in patients with significant struc-
tural heart disease. Many patients with structurally normal
hearts have fairly mild symptoms. However, patients with
WPW syndrome and AF, or with atrial flutter, can develop
hemodynamic instability or even ventricular fibrillation. 

Differential Diagnosis and Initial Evaluation

A 12-lead electrocardiogram (ECG) should be obtained in
all stable patients. Tachyarrhythmias should be classified as
wide- or narrow-complex, and regular or irregular (Figure
42.4). Irregularly irregular rhythms without organized 
P-wave activity are AF; MAT is distinguished by multiple
discrete P-wave morphologies. A normal dominant P-wave
morphology distinguishes sinus tachycardia with prema-
ture atrial complexes. AF with conduction over an accessory
pathway in patients with WPW syndrome presents as an ir-
regular tachycardia with wide as well as variable-width QRS
complexes; ventricular rates may be extremely rapid. Atrial
flutter in these patients may be conducted 1:1 into the ven-
tricle with uniformly wide QRS complexes. 

Narrow-complex regular tachycardias are frequently
atrial flutter with 2:1 AV conduction, AVNRT, AVRT, or, less
commonly, AT with 1:1 AV conduction. Atrial flutter typi-
cally presents with an atrial rate of approximately 300
beats/min, 2:1 AV conduction, and a ventricular rate of
about 150 beats/min. The underlying atrial rate may be
slower in elderly patients or those on antiarrhythmic drugs.
The typical sawtooth pattern usually is visible on an ECG,
particularly in the inferior leads (II, III, aVF). If there are ret-
rograde P waves, or if no P waves are visible at all, the di-
agnosis is usually AVNRT or AVRT. Tachycardias with an
abnormal P-wave morphology that precedes the QRS com-
plex may be AT or atypical forms of AVNRT or AVRT. ATs
may present with 1:1, 2:1, or variable AV conduction. The
distinction between AT and atrial flutter is based on the
atrial rate and P-wave morphology: the atrial rate in atrial
flutter tends to be more rapid than in ATs, and, in AT, dis-
crete P waves are separated by an isoelectric segment in
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Figure 42.3. Algorithm for diagnosis of wide-complex tachycar-
dia proposed by Brugada and colleagues. If there is no RS complex
in any precordial lead, ventricular tachycardia (VT) is diagnosed. If
an RS complex exists in any precordial lead, the longest RS interval
(from onset of QRS to nadir of S wave) is measured in the pre-
cordium; if the longest RS interval is greater than 100 msec, VT is
diagnosed. If not, atrioventricular dissociation is sought; if present,
VT is diagnosed. If absent, morphologic criteria are applied to leads
V1 and V6 to differentiate VT from a supraventricular tachyarrhyth-
mia (SVT ) with aberrancy. (From Brugada P, Brugada J, Mont L, et
al. A new approach to the differential diagnosis of a regular tachy-
cardia with a wide QRS complex. Reprinted with permission from
Circulation 1991;83:1649–1659.)

TABLE 42.2
SYMPTOMS ASSOCIATED WITH
SUPRAVENTICULAR TACHYARRHYTHMIAS

Mild Moderate–Severe

Asymptomatic Chest pain
Fatigue/malaise Heart failure
Poor exercise capacity Near syncope
Dyspnea Syncope
Lightheadedness Sudden death
Palpitations
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contrast with the sawtooth pattern of continuous atrial ac-
tivity in atrial flutter.

The induction of transient block at the AV node is very use-
ful diagnostically and therapeutically in patients with regu-
lar SVT (Figure 42.5). A rhythm strip, preferably in several
simultaneous leads, should be recorded continuously dur-
ing such maneuvers. Vagal maneuvers such as the Valsalva
maneuver or carotid sinus massage should be tried first; if
unsuccessful, IV AV nodal blocking agents may be admin-
istered. Induced block at the AV node with adenosine or
verapamil (Table 42.3) terminates AVNRT and AVRT;
tachycardias that persist in the atrium despite transient AV
block must be AT or atrial flutter. Some ATs are adenosine-
sensitive, so the ECG recording must be scrutinized to
determine the mechanism of termination. 

It is also important to identify conditions that may ac-
company or even may have triggered the SVT. AF may be
associated with acute MI, pulmonary embolus, stroke, and
thyrotoxicosis. MAT is seen almost exclusively in the set-
ting of acute pulmonary disease. Digitalis toxicity may
cause AT.

Indications for Hospitalization

If the tachyarrhythmia is secondary to an acute condition
such as acute MI or pulmonary embolus, admission is

obviously necessary. Absent such associated conditions,
many patients with AF or atrial flutter can be safely started
on medical therapy without hospital admission. In particu-
lar, patients with minimal symptoms, a ventricular rate that
is not too rapid, and no signs of ischemia, heart failure, or
hemodynamic instability can be started on an AV nodal
blocking agent and warfarin if careful outpatient follow-up
is available. Patients with ischemia, heart failure, or hemo-
dynamic instability caused by AF should be admitted. Fre-
quently these patients have rapid ventricular rates as well as
structural heart disease. Patients with AF of unknown dura-
tion but no acute symptoms do not necessarily require ad-
mission solely for the initiation of anticoagulation with IV
heparin. For patients with AF of less than 24–36 hours’ du-
ration, cardioversion should be considered to avert the need
for prolonged anticoagulation (see the section on “Issues
During the Course of Hospitalization” later in this chapter).

If PSVT can be terminated in the emergency department,
admission frequently is not required. Exceptions include
patients with severe symptoms of angina, heart failure, syn-
cope, or near-syncope resulting from SVT. These patients
often have structural heart disease, and admission is fre-
quently useful to expedite initiation of medical therapy or
consideration of electrophysiologic studies and radiofre-
quency (RF) catheter ablation. Patients with WPW syn-
drome who have AF or atrial flutter or symptoms of syncope
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Figure 42.4. Decision algorithm for ECG diagnosis of supraventricular tachyarrhythmia (SVT).
AVNRT, atrioventricular nodal reentrant tachycardia; AVRT, atrioventricular reentrant tachycardia;
MAT, multifocal atrial tachycardia; PAC, premature atrial contraction; PSVT, paroxysmal supraven-
tricular tachycardia; VT, ventricular tachycardia.
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or near-syncope should be admitted for electrophysiologic
studies and RF catheter ablation.

In general, patients admitted for SVT should have con-
tinuous cardiac monitoring. Exceptions include those with
chronic AF admitted for noncardiac reasons.

Indications for Initial ICU Admission

Admission to an ICU is infrequent, unless the arrhythmia
is a complication of a condition such as MI or pulmonary
embolus that itself requires ICU admission. ICU admission
is also reasonable in patients with symptoms of significant
ischemia, heart failure, or hemodynamic instability caused
by arrhythmia. Patients with the WPW syndrome and pre-
excited AF or atrial flutter also might benefit from initial
ICU admission.

Initial Management

The initial management strategy depends on the stability of
the patient. Synchronized DC cardioversion should be
considered for unstable patients. For stable AF and atrial
flutter, initial efforts are directed at controlling the ven-
tricular rate with AV nodal blocking agents (Table 42.3).
Intravenous calcium channel blockers and �-blockers are far more
effective than digoxin for acutely slowing a rapid ventricular
response. Careful monitoring for complications, such as
bronchospasm, hypotension, heart failure, or an excessively
slow ventricular rate, is necessary.

For unstable patients with the WPW syndrome and
AF, or with atrial flutter, cardioversion is appropriate.
Hemodynamically stable patients should not initially
receive AV nodal blocking agents (calcium channel
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Figure 42.5. Use of adenosine to diagnose patients with a regular supraventricular tachyarrhyth-
mia. Each panel shows surface electrocardiogram lead II and an intracardiac atrial electrogram (AEG)
to show the timing of atrial depolarization, both at baseline and after adenosine administration.
Adenosine induces transient atrioventricular block, terminating atrioventricular reentrant tachycardia
and atrioventricular nodal reentrant tachycardia. With atrial tachycardia and atrial flutter, tachycardia
continues in the atrium despite transient atrioventricular block, revealing the correct diagnosis.
(Reprinted from Ganz LI, Friedman PL. Supraventricular tachycardia. N Engl J Med 1995;332:
162–173, with permission.)
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blockers, �-blockers, digoxin, or adenosine) because these
agents can shunt conduction over the accessory pathway,
thereby increasing the ventricular rate and the risk of de-
generation to ventricular fibrillation. Intravenous pro-
cainamide, which slows conduction throughout the heart,
is the agent of choice.

Induction of transient AV block with vagal or pharmaco-
logic maneuvers is the initial approach for PSVT. AV block
terminates AVNRT and AVRT, and it unmasks most ATs and
atrial flutter. Following termination of the SVT, another
ECG should be obtained; to diagnose WPW syndrome, an
ECG must be obtained with the patient in sinus rhythm. Pa-
tients with WPW syndrome typically should not be treated
empirically with digoxin or calcium channel blocking
agents even if they present with PSVT, because of the risk of
more rapid ventricular rates should AF or atrial flutter occur.
Rather, patients with symptomatic WPW syndrome (i.e.,

SVT, AF, or atrial flutter) generally should be advised to un-
dergo electrophysiologic studies and RF catheter ablation
(1, 2). Symptomatic patients with WPW syndrome who
refuse this approach typically require treatment with a
membrane-active drug (i.e., class IA, IC, or III; Table 42.4),
often in combination with an AV nodal blocking agent;
chronic monotherapy with a �-blocker may be an alterna-
tive, though few data are available regarding safety and effi-
cacy. In the past, most asymptomatic patients with ventric-
ular preexcitation have been observed. Recent data suggest,
however, that if atrial fibrillation or AVRT is inducible at di-
agnostic electrophysiologic studies, then prophylactic
catheter ablation may be preferable, particularly in younger
patients (5). 

Most patients with PSVT without the WPW syndrome
have either AVNRT or AVRT resulting from a concealed ac-
cessory pathway. In either case, the risk of sudden death is
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TABLE 42.3
DRUGS USED IN MANAGING SUPRAVENTRICULAR TACHYARRHYTHMIAS

Arrhythmia Goal Drug Dosage

Atrial fibrillation Anticoagulation Heparin (IV) Varies; target aPTT 2 times control
and atrial flutter Warfarin (po) Varies; target INR 2.0–3.0

Acute termination Ibutilide (IV) Patient 60 kg or more: 1 mga

Patient less than 60 kg: 0.01 mg/kga

Acute rate control Diltiazem (IV) 0.25 mg/kg, then 5–15 mg/h
Verapamil (IV) 2.5–10 mg q4h prn
Propranalol (IV) 1–3 mg q4h prn
Metoprolol (IV) 5–10 mg q4h prn
Esmolol (IV) 0.5 mg/kg, then 0.05–0.2 mg/kg/min

Chronic rate control Diltiazem ER (po) 120–300 mg qd
Verapamil ER (po) 120–240 mg qd
Metoprolol (po) 25–100 mg bid
Atenolol (po) 25–200 mg qd
Propranalol ER (po) 80–240 mg qd
Digoxin (po) 0.125–0.25 mg qd

Sinus rhythm maintenance (suppression Quinidine Gluconate (po) 324 mg tid
of recurrences of fibrillation/flutter) Procainamide ER (po) 500–100 mg qid

Disopyramide ER (po) 150–300 mg bid
Propafenone (po)b 150–300 mg tid
Propafenone SR (po)b 225–425 mg bid
Flecainide (po) b 50–100 mg bid
Sotalol (po) 80–160 mg bid
Dofetilide (po) 125–500 mcg bid
Amiodarone (po) 100–200 mg qd (after load)

Paroxysmal Acute termination Adenosine (IV) 6–12 mg push
supraventricular Verapamil (IV) 2.5–10.0 mg
tachycardia Chronic Suppression Diltiazem ER (po) 120–300 mg qd

Verapamil ER (po) 120–240 mg qd
Metoprolol (po) 25–100 mg bid
Atenolol (po) 25–200 mg qd
Propranalol ER (po) 80–240 mg qd
Digoxin (po) 0.125–0.25 mg qd

a Initial dose over 10 minutes, can be repeated one time.
b Use in associaton with AV nodal blocker (�-blocker, diltiazem, verapamil, digoxin)
aPTT, activated partial thromboplastin time; ER, extended release formulation that permits once-daily dosing; INR, international normalized ratio; IV,
intravenous; po, oral.
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extremely low. It is reasonable to follow the patient with-
out chronic oral therapy after an initial episode of PSVT if
symptoms were mild. For recurrent episodes or extremely
symptomatic first episodes, choices for initial therapy in-
clude chronic therapy with an AV nodal blocking agent
(e.g., �-blocker, diltiazem, verapamil, or digoxin) or elec-
trophysiologic study and RF catheter ablation (1, 2).

Unless the clinical situation dictates otherwise, few tests
are indicated in the routine evaluation of new AF or other
SVTs. A careful history and physical examination, ECG,
transthoracic echocardiogram, and a serum thyroid stimu-
lating hormone (TSH) measurement should be adequate in
most patients. Screening laboratory studies (e.g., complete
blood count, electrolytes, and renal function) and a chest 
radiograph are reasonable, though supporting data are lim-
ited. Cardiac biomarker measurements to exclude MI, exer-
cise stress testing to exclude ischemia, arterial blood gas
measurement, and ventilation–perfusion or CT scanning to
exclude pulmonary embolus are not routinely necessary.

Indications for Early Consultation

Cardiology consultation is reasonable if cardiac catheteri-
zation is being considered, especially in patients with MI,
significant ischemia, or heart failure. Similarly, early cardi-
ology consultation may be appropriate if transesophageal
echocardiography (TEE; see the section on “Issues During
the Course of Hospitalization” that follows) or DC car-
dioversion is contemplated. Consultation with a cardiac
electrophysiologist is recommended in all patients with
WPW syndrome and in other patients in whom the option
of RF catheter ablation is being weighed. In patients with

tachycardia-bradycardia (tachy-brady) syndrome, consultation
regarding permanent pacemaker implantation (Chapter
45) is often useful.

ISSUES DURING THE COURSE
OF HOSPITALIZATION

Atrial Fibrillation

Management of AF has three components: anticoagulation,
control of the ventricular rate, and restoration and mainte-
nance of SR. Each must be considered in developing a treat-
ment strategy (Figure 42.6) (5–8).

The risk of stroke resulting from thromboembolism is
markedly increased by AF (8); anticoagulation with warfarin
significantly attenuates this risk (8–10). Although young pa-
tients with idiopathic AF are at low risk, most other patients
with AF (Table 42.5) should be anticoagulated (target inter-
national normalized ratio [INR] 2.0–3.0) unless contraindi-
cations exist. The recently proposed CHADS2 index (Figure
42.7) allows calculation of a given patient’s risk of stroke
without anticoagulation (11). The thromboembolic risk of
atrial flutter probably approximates that of AF, and guide-
lines for anticoagulation are the same. Patients with con-
traindications to anticoagulation should receive aspirin,
which attenuates the risk of stroke somewhat. Newer an-
tithrombotic agents are under development. One promising
oral agent, ximelagatran (12), was denied FDA approval in
late 2004 because of reports of serious liver toxicity.

AF of very short duration frequently terminates sponta-
neously. If it does not, it is reasonable to have the patient fast

TABLE 42.4
CLASSIFICATION OF ANTIARRHYTHMIC DRUGS

Class I Class II Class III Class IV
Sodium channel blockers �-blockers Prolong refractoriness Calcium channel

(K channel blockers) blockers
Class IA Class IB Class IC (Nondihydropyridine)

Procainamide Lidocaine Flecainide Propranalol DL Sotalolc Diltiazem
Quinidine Mexilitene Propafenone Metoprolol Ibutilided Verapamil
Disopyramide Moricizine Atenolol Dofetilide

Nadolol Amiodaronee

Carvedilola

Labetalola

Betaxalol
Bucindololb

Pindolol
Acebutalolb

a combined �- and �-blocker; carvedilol has additional antioxidant properties
b partial � agonist effects; may be preferred in tachy-brady syndrome
c combined �-blocker/Class III agent
d Sodium channel enhancer, rather than potassium channel blocker
e Amiodarone has Class I, I, III, and IV electrophysiologic effects
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overnight and cardiovert the next morning (see later in this
chapter) to obviate the need for anticoagulation. If the dura-
tion of AF is not known to be extremely short, warfarin
should be initiated immediately. For patients with new-
onset AF that does not convert spontaneously, two alterna-
tive approaches with similar efficacy and outcomes may be

considered (13). In one approach, patients with AF of more
than 24–36 hours’ duration are anticoagulated for at least 3
weeks prior to any attempt at cardioversion, whether electric
or pharmacologic. Because restoration of atrial mechanical
function can lag behind establishment of sinus rhythm, an-
ticoagulation should be continued for at least 4 weeks after
successful cardioversion. An alternative to prolonged antico-
agulation prior to cardioversion is an expedited approach us-
ing transesophageal echocardiography. Once anticoagula-
tion is initiated, transesophageal echocardiography is
performed. If the atria are free of thrombus, cardioversion is
performed. Anticoagulation must continue for at least 4
weeks following restoration of sinus rhythm. It is reasonable
to administer heparin during hospitalization. Target acti-
vated partial thromboplastin times (aPTTs) are typically two
times control. In patients who have tachy-brady syndrome
and in whom permanent pacemaker implantation may be
required, initiation of warfarin may be delayed.

Direct current cardioversion can be performed in the
presence or absence of antiarrhythmic drug therapy. It car-
ries a low risk of systemic embolism if patients have been
in AF for less than 24–36 hours, have no evidence of clot
on transesophageal echocardiography, or are on chronic
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Figure 42.6. Management algorithm for atrial fibrillation or flutter. TEE, transesophageal
echocardiogram. aWith appropriate anticoagulation.

TABLE 42.5
ANTICOAGULATION IN ATRIAL FIBRILLATION

Age Risk factors Recommendation

�65 Present Warfarin (INR 2.0–3.0)
Absent ASA

65–75 Present Warfarin (INR 2.0–3.0)
Absent Warfarin or ASA

�75 Warfarin (INR 2.0–3.0)

Risk factors for embolism—Clinical: prior TIA/stroke, hypertension,
congestive heart failure, diabetes mellitus, coronary artery disease,
mitral stenosis, prosthetic heart valves (more intense anticoagulation
indicated), thyrotoxicosis; Echocardiographic: left-atrial enlargement,
left-ventricular dysfunction.
Adapted from Albers G, Dalen J, Laupacis A, et al. Antithrombotic
therapy in atrial fibrillation. Chest 2001;119(1 Suppl): 194S–206S, with
permission.
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therapeutic anticoagulation. If cardioversion is contem-
plated, the patient should receive nothing orally after mid-
night. Biphasic external defibrillators are far more effective
at restoring sinus rhythm than the older monophasic de-
vices. Because of the efficacy of biphasic external cardiover-
sion, pharmacologic cardioversion is used less frequently.
If pharmacologic cardioversion is preferred, ibutilide, a
novel type III agent, is approved for the acute conversion of
AF and flutter of relatively short duration. Administered as
an IV bolus, ibutilide is more effective for atrial flutter than
for AF. As with other type III agents, there is a risk of torsades
de pointes; ibutilide should not be used in patients receiving
other antiarrhythmic drugs. If ibutilide fails to restore SR,
DC cardioversion can then be performed.

Four weeks following cardioversion should be the abso-
lute minimum period of anticoagulation. Contemporary
practice generally recommends anticoagulation for much
longer periods, often indefinitely, even if efforts at main-
taining sinus rhythm appear to be successful. Exceptions are
situations in which the AF had a well-defined trigger (e.g.,
hyperthyroidism, cardiac surgery, etc.) and the risk of AF re-
currence therefore seems extremely low.

Reduction of the ventricular rate with AV nodal blocking
agents often markedly improves symptoms of AF. Few
data exist comparing the available agents, which include 
�-blockers, the nondihydropyridine calcium channel
blockers diltiazem and verapamil, and digoxin. Digoxin has
a delayed onset compared with other agents and is the least
effective agent if catecholamine tone is high, as in postop-
erative patients or with physical exertion. Frequently, a com-
bination of digoxin with a �-blocker or calcium channel
blocker is necessary to achieve adequate rate control. In pa-
tients with extremely poor ventricular function or acute
congestive heart failure, though, digoxin may be the only
agent that is tolerated.

Intravenous agents frequently are used initially to man-
age the ventricular rate (Table 42.3). Diltiazem and esmolol
are given as a continuous infusion; verapamil, metoprolol,
and propranalol can be given as IV boluses. The target heart
rate depends on the clinical scenario; rates of 60–80 at
rest and 90–110 with mild-to-moderate exertion are
reasonable. Oral agents should be started as soon as rate
control is achieved with the IV agent.

The use of antiarrhythmic drugs to suppress recurrences
of AF and maintain sinus rhythm is being reassessed, given
their limited efficacy and adverse effects, including life-
threatening proarrhythmia (14). With a first episode of AF,
it is reasonable to cardiovert without maintenance antiar-
rhythmic therapy. For recurrent episodes, either rate control
with long-term anticoagulation or rhythm control with an-
tiarrhythmic therapy can be chosen (Table 42.6). In several
trials (15–17), the strategy of rate control and anticoagula-
tion provided very similar functional and clinical outcomes
to a strategy of aggressive attempts to maintain sinus
rhythm. Antiarrhythmic drug therapy should therefore be
reserved for patients who remain symptomatic despite at-
tempts at rate control. If antiarrhythmic therapy is selected,
the particular agent should fit the clinical scenario (Table
42.4). DL-sotalol, dofetilide, and amiodarone are reason-
able in patients with coronary artery disease. For younger
patients with paroxysmal AF and structurally normal hearts,
flecainide and propafenone are often well tolerated and ef-
fective. With flecainide and propafenone, an AV nodal
blocking agent (Table 42.4) should be used as well. Pro-
cainamide, quinidine, and disopyramide, though used fre-
quently in the past, are neither safer nor more effective than
newer agents, and they are less well tolerated. Amiodarone
may be the most effective agent and likely poses the small-
est risk of ventricular proarrhythmia, but its noncardiac ad-
verse effects must be carefully considered. Amiodarone is
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Figure 42.7. CHADS2 index for calculating risk of stroke in patients with AF. For each point, the
annual risk of stroke increases by 50%. Left: CHADS2 index. Right: Annual risk of stroke. Adapted
with permission from Gage BF, et al. Validation of clinical classification schemes for predicting stroke-
results from the national registry of atrial fibrillation. JAMA 2001;285:2864–2870.
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the most frequently used antiarrhythmic agent in patients
with cardiomyopathy or significant left-ventricular dys-
function; dofetilide may also be reasonable in these pa-
tients. Prescription of dofetilide is limited to physicians who
have completed a training program regarding its use. 

For selected patients with symptomatic and refractory
AF, catheter ablation of triggering foci typically in and
around the pulmonary venous ostia may be curative. These
procedures are currently being performed at tertiary care
centers. Patients with idiopathic paroxysmal AF are the best
candidates for curative ablation; recently, many centers
have extended the indications for curative ablation to in-
clude patients with mild structural heart disease and per-
sistent AF (18). Success rates vary by center and type of pa-
tients treated, and truly long-term follow-up is not yet
available. With improvements in techniques, procedural
complications such as pulmonary vein stenosis, stroke, and
tamponade have decreased in frequency.

Patients whose AF is extremely refractory to pharmaco-
logic therapy may benefit from RF catheter ablation of the AV
junction and implantation of a permanent pacemaker
(Chapter 45). Although this approach generally markedly
improves symptoms, potential downsides include pace-
maker dependence and the adverse effects related to chronic
right ventricular pacing. Biventricular pacing (known as car-
diac resynchronization therapy [CRT]) is preferable to stan-
dard right ventricular pacing in many patients who undergo
catheter ablation of the AV junction.

Atrial Flutter

For patients with recurrent atrial flutter in the absence of AF,
RF catheter ablation of the tricuspid annulus–inferior vena

cava isthmus is effective in preventing recurrent flutter,
though AF may recur. Atrial flutter may occur in association
with or independent of AF. Pharmacologic rate control is
typically much more difficult to achieve with atrial flutter
than with AF. Recommendations for anticoagulation of
atrial flutter mirror those for AF.

With a first episode of atrial flutter, direct current car-
dioversion after appropriate anticoagulation is reasonable.
If atrial flutter is recurrent, or if a first episode is accompa-
nied by 1:1 A:V conduction or severe symptoms, radiofre-
quency catheter ablation should be strongly considered.
Catheter ablation in the tricuspid valve-inferior vena cava
isthmus offers approximately 90% likelihood of freedom
from recurrent atrial flutter. AF may occur after atrial flutter
ablation (even in patients who have not previously mani-
fested it), but this is generally easier to manage pharmaco-
logically than atrial flutter.

Multifocal Atrial Tachycardia (MAT)

In MAT, efforts should be focused on correcting the under-
lying metabolic or pulmonary abnormalities. Digoxin or
theophylline excess rarely plays a role, while repletion of
potassium and magnesium may be helpful. Verapamil low-
ers the ventricular rate (Table 42.3); �-blockers have simi-
lar effects but may be contraindicated by obstructive lung
disease. Unlike most SVTs, MAT is nonreentrant, and car-
dioversion is unlikely to be beneficial.

PSVT (AVNRT, AVRT, and AT)

For patients admitted with AVNRT, AVRT, or AT, attention
should immediately be turned to long-term therapy (Figure
42.8). For patients with symptomatic WPW syndrome,
electrophysiologic testing and catheter ablation generally
are recommended as initial therapy. In the absence of WPW
syndrome, either medical therapy or catheter ablation can
be used initially for other PSVTs (AVNRT, AVRT utilizing a
concealed accessory pathway, and AT). If catheter ablation
is to be performed during the same admission, no long-
acting agent should be given, as this therapy might render
the patient noninducible at electrophysiologic testing. In
the absence of WPW syndrome, the initial choice for
chronic drug therapy should be an AV nodal blocker;
digoxin, a calcium channel blocker, or a �-blocker (Table
42.3). Combinations of agents also can be used. Given the
risks of proarrhythmia, catheter ablation should be recom-
mended in these patients rather than the use of type I or III
antiarrhythmic agents (Figure 42.8). 

DISCHARGE ISSUES

In patients with AF or atrial flutter, careful follow-up is re-
quired to monitor the INR and the dose of warfarin. If AF is
chronic or of unknown duration, discharge need not al-
ways be delayed until the INR is therapeutic. Rather,
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TABLE 42.6
RHYTHM CONTROL VERSUS RATE CONTROL IN
ATRIAL FIBRILLATION

Rhythm control Rate control

Theoretic advantages
Symptomatic improvement Safe
Hemodynamic improvement Medications well tolerated
Reduced risk of Medications fairly inexpensive

thromboembolism
Possible discontinuation of

anticoagulation

Theoretic disadvantages
Adverse extracardiac effects Bradycardia
Proarrhythmia Life-long anticoagulation
Frequently ineffective Cardiomyopathy if rate poorly
Expensive controlled chronically

Incomplete resolution of 
symptoms

Adapted from Ganz LI, Antman EM. Long-term pharmacologic
management of atrial fibrillation for control of rate and rhythm. Cardiac
Electrophysiology Review 1997;1/12:40–43, with permission.
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warfarin may be started and the patient discharged with a
plan in place quickly to realize a therapeutic INR (2.0–
3.0). If a patient undergoes TEE-expedited cardioversion, IV
heparin should be administered until the INR is therapeu-
tic. Subcutaneous low-molecular-weight heparin is equiva-
lent to unfractionated heparin as a “bridge” to a therapeu-
tic INR in this setting (19). Because confusion ensues if
several physicians modulate warfarin dosing, a single
physician or office should be designated for this task. Ded-
icated anticoagulation clinics or services have been shown
to improve outcomes compared with less organized ap-
proaches. Weekly INR checks are reasonable until a steady
maintenance dose is established (Chapter 98).

Despite the high prevalence of AF and atrial flutter, op-
timal long-term treatment strategies remain uncertain.
Clinical trials (15–17) document that long-term anticoag-
ulation and rate-control is a more attractive strategy than
vigorous antiarrhthmic use in many patients, particularly
those with few or mild symptoms (Table 42.6). In high-risk
patients, the combination of moderate intensity warfarin
anticoagulation plus an antiplatelet agent may be better
than warfarin alone (20).

Patients who are receiving rate-control agents should be
followed carefully to assess adequacy of therapy, symp-
tomatic status, and potential side effects. Patients on antiar-
rhythmic drugs require meticulous follow-up because of the risk of
adverse effects (14). The QTc interval and heart rate must be
monitored in patients on procainamide, quinidine, disopy-
ramide, amiodarone, dofetilide, and DL-sotalol. Ventricular
proarrhythmia in these patients is torsade de pointes,
typically precipitated by bradycardia or pauses; this compli-

cation appears much more rare in patients treated with
amiodarone compared with other QT-prolonging drugs.
For patients started on flecainide or propafenone, exercise
stress testing on a steady state of drug is useful to screen for
exercise-induced proarrhythmia. Patients on amiodarone
must be followed for pulmonary, thyroid, and hepatic dys-
function; annual or biannual pulmonary function testing or
chest radiographs and biannual or quarterly blood testing is
recommended. Finally, an annual ophthalmologic evalua-
tion is also recommended, as rare cases of optic neuritis
have been reported in patients taking amiodarone.

Patients who are considering RF catheter ablation may
desire a visit with a cardiac electrophysiologist to discuss the
procedure. After successful RF catheter ablation for PSVT,
patients are frequently treated with antithrombotic agents
(e.g., aspirin) for 4–6 weeks to reduce the risk of procedure-
related thromboembolism. After catheter ablation of AF or
atrial flutter, patients are anticoagulated with warfarin; the
optimal duration of anticoagulation following successful
ablation has not yet been established. A follow-up visit in
several weeks to confirm healing of the femoral catheteriza-
tion sites and assess procedural success is reasonable.

SUPRAVENTRICULAR ARRHYTHMIAS
DEVELOPING IN THE HOSPITAL

SVTs, primarily AF and to a lesser extent atrial flutter, are
frequent complications in both medical and surgical pa-
tients. Because PSVT requires a conducive electrophysio-
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Observe

Patient in SR after termination of SVT

WPW Non-WPW

First episode Recurrent

AV nodal
blocker vs.
catheter
ablation

Mild Sx Severe Sx

Catheter
ablation

(or ß-Blocker)

Recurrent

Figure 42.8. Management algorithm for parox-
ysmal supraventricular tachycardia. SR, sinus
rhythm; SVT, supraventricular tachycardia; Sx,
symptoms; WPW, Wolff-Parkinson-White syn-
drome.
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logic substrate (i.e., dual AV nodal pathways or an accessory
pathway), these arrhythmias occur de novo much less fre-
quently in patients admitted for other reasons. AF and atrial
flutter are particularly difficult to control in acutely ill pa-
tients with problems such as sepsis, pain, and hemody-
namic instability. SVTs that develop in hospitalized patients
are commonly precipitated by conditions such as infection,
hypoxia, drugs, electrolyte abnormalities, or other causes of
hypo- or hypervolemia. Although attention must be paid to
acute hemodynamic stability, ischemia secondary to the
SVT, and rate control, treatment of the underlying condition
is also necessary and often sufficient to control the arrhyth-
mias. Some important precipitants are reviewed here.

Acute Myocardial Infarction

AF is an occasional complication of MI (Chapter 38). 
�-blockers are the agents of choice for ventricular rate con-
trol, given their other beneficial effects in acute MI. If AF per-
sists for more than 24 hours, cardioversion should be con-
sidered, particularly if no other indication for long-term
anticoagulation is present. No data exist regarding the use of
low-molecular-weight heparins, clopidogrel, glycoprotein
IIa-IIIb inhibitors, or thrombolytic agents in the manage-
ment of AF; data are few with respect to antiarrhythmic drug
use for AF in acute MI. Nonparoxysmal junctional tachycar-
dia also has been reported infrequently during MI.

Acute Pulmonary Embolus

Initial treatment of AF due to acute pulmonary embolus
(Chapter 53) should be directed at controlling the
ventricular rate using IV calcium channel blockers or 
�-blockers. As patients with pulmonary emboli routinely
are anticoagulated, AF does not pose an additional bur-
den in this regard. Antiarrhythmic drug data are scarce in
this setting.

Thyrotoxicosis

SVTs resulting from thyrotoxicosis are extremely refractory,
in terms of both ventricular rate control and maintenance of
sinus rhythm. Amiodarone is a common cause of hyperthy-
roidism (as well as hypothyroidism) and complicates its
management; since amiodarone loads the thyroid gland
with iodine, radioactive iodine ablation is generally ineffec-
tive. �-blockers are most effective, given the hyperadrenergic
state, in combination with antithyroid therapy (Chapter
108). Anticoagulation should be undertaken as well. If AF
persists after a euthyroid state is reached, cardioversion
should be performed.

Pulmonary Disease

MAT, AT, AF, and atrial flutter all may accompany acute or
chronic lung disease. In chronic pulmonary conditions,

these atrial arrhythmias recur frequently. Other than the
fact that �-blockers are frequently contraindicated in these
patients, management is just as in other patients with these
arrhythmias. Atrial arrhythmias may be refractory in pa-
tients with elevated right heart pressures and right atrial
enlargement. Amiodarone must be used cautiously in
patients with advanced pulmonary disease.

Postoperative Atrial Fibrillation

AF is a common postoperative complication (Chapter 31),
particularly after cardiac, thoracic, and vascular surgery. AF
also may occur following other major operations such as hip
replacement or abdominal surgery. Potential causes of AF af-
ter any operation include atrial stretch from volume over-
load, high catecholamine levels, and �-blocker withdrawal
in patients on these agents preoperatively. Pericarditis likely
plays an important role in the high incidence of AF and atrial
flutter after cardiac and thoracic surgery. Other contributory
factors after cardiac surgery may include atrial ischemia and
inadequate atrial protection during cardiopulmonary by-
pass. If left-ventricular function is unknown, a transthoracic
echocardiogram may help guide drug selection. In patients
who are otherwise doing well, serial cardiac biomarker stud-
ies need not be obtained to exclude perioperative MI just be-
cause AF has developed. Patients should be transferred, how-
ever, to a cardiac telemetry unit.

Noncardiothoracic Operations

Postoperative AF typically occurs with very rapid ven-
tricular rates; unstable patients should be cardioverted. Sta-
ble patients should be treated with IV �-blockers or calcium
channel blockers. Frequently, AF in this setting terminates
spontaneously. If not, it is reasonable to cardiovert if AF
persists more than 24–36 hours to avoid the need for
anticoagulation. Oral �- or calcium channel blockers may
be continued for several weeks to attenuate the ventricular
rate if AF recurs. If AF is recurrent or persists for more than
24–36 hours, anticoagulaton is recommended, and
antiarrhythmic drug therapy may be considered.

Thoracic Surgery

Ventricular rates are frequently extremely rapid in AF after
thoracic surgery. Aggressive use of IV �-blockers or cal-
cium channel blockers is necessary to reduce the ventricu-
lar response. Though commonly used in this setting,
procainamide is of uncertain efficacy in effecting conver-
sion to sinus rhythm and preventing recurrent AF. A 4- to
6-week course of oral �-blockers or calcium channel
blockers is reasonable, as pericarditis may provoke recur-
rent AF after hospital discharge. It is reasonable to con-
sider cardioversion if AF persists for 24–36 hours to
obviate the need for anticoagulation. If AF is recurrent
or persists for more than 24–36 hours, then careful
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anticoagulation is recommended and antiarrhythmic ther-
apy may be considered.

Cardiac Surgery

AF, and to a lesser extent atrial flutter, are the most common
complications after cardiac surgery (21). The prevalence is
20%–40% after coronary artery bypass grafting, and signifi-
cantly higher after valvular procedures. �-blockers should be
initiated prophylactically as early as possible postoperatively
in all patients without contraindications to reduce the likeli-
hood of postoperative AF (Chapter 31). Digoxin and vera-
pamil are less effective prophylactically than �-blockers; few
data exist for diltiazem. Prophylactic amiodarone also re-
duces the incidence of AF after cardiac surgery.

Despite the importance of this problem, the optimal
treatment strategy for AF in this setting is unknown.
Though frequently used, procainamide is neither particu-
larly effective nor well tolerated. Initial efforts should be di-
rected at control of the ventricular rate with IV �-blockers
or calcium channel blockers; digoxin should be used ini-
tially only if ventricular function is poor. If AF does not
convert spontaneously, cardioversion after 24–36 hours is
reasonable. Patients who remain in sinus rhythm after a
single brief episode of AF are typically discharged on as-
pirin and oral �-blockers or calcium channel blockers. If AF
is recurrent or persists for more than 24–36 hours, careful
anticoagulation is recommended, and AF suppression with
antiarrhythmic drugs may be considered.

Discharge Issues

Most patients who develop AF in the postoperative setting
need not be discharged on medications if the AF was tran-
sient and clearly related to serious noncardiac problems
that are not expected to recur. If recurrence is a major con-
cern, discharge on an oral AV nodal blocking agent is rea-
sonable. Patients who have AF of more than 24–36 hours’
duration or have paroxysmal AF, and certainly those dis-
charged in AF, require anticoagulation with warfarin. Post-
operative patients are at very high risk of developing a
supratherapeutic INR and having bleeding complications,
perhaps because of poor oral intake and/or the use of
broad-spectrum antibiotics. Cardioversion should be con-
sidered following appropriate anticoagulation if AF persists
for more than a few weeks postoperatively, particularly in
patients who have not had AF previously. Patients treated
with antiarrhythmic agents require the careful follow-up
care described previously.

COST CONSIDERATIONS

Few data exist regarding the cost effectiveness of various
therapeutic approaches to AF and other SVTs. By preventing
strokes, chronic anticoagulation for AF is not only cost-

effective but also likely cost-saving. Cost-effectiveness data
generally support TEE-expedited cardioversion compared
with the traditional approach, and rate control compared
with the rhythm control strategy. In PSVT, RF catheter abla-
tion is clearly cost-effective for medically refractory patients,
but data are unavailable for less refractory patients. Similarly,
data are not yet available regarding the cost effectiveness of
catheter ablation for atrial flutter. In refractory AF, AV junc-
tional ablation with permanent pacemaker implantation
improves quality of life and reduces health care resource uti-
lization; biventricular pacing (CRT) will likely prove to be
preferable to standard right ventricular pacing. Subcuta-
neous low-molecular-weight heparins may have the poten-
tial to shorten hospital stays by replacing prolonged courses
of IV unfractionated heparin anticoagulation until the INR is
therapeutic on warfarin; clinical trials are ongoing. Clinical
trials are also currently evaluating newer antithrombotic
compounds that may provide clinical efficacy similar to war-
farin for preventing strokes, but without the need for INR
monitoring and dose adjustments, and perhaps with a lower
risk of bleeding (12). AF after cardiac surgery increases length
of stay and costs significantly, highlighting the importance
of defining an optimal treatment strategy.

KEY POINTS

■ Wide-complex tachycardia should be presumed to be VT
until proven otherwise and treated as such.

■ Long-term anticoagulation is indicated in the majority of
patients with AF or atrial flutter to reduce the risk of
thromboembolic complications such as stroke.

■ Aggressive use of AV nodal blocking drugs to attenuate
the ventricular rate is frequently very effective in improv-
ing symptoms due to AF.

■ The potential risks and benefits should be weighed care-
fully prior to starting antiarrhythmic drug therapy in any
patient with AF or other SVT.

■ In the absence of WPW syndrome, PSVT is rarely life-
threatening, and hospital admission is not routinely nec-
essary.

■ Symptomatic WPW syndrome patients should generally
undergo diagnostic electrophysiologic studies and RF
catheter ablation; diagnostic electrophysiologic testing
and catheter ablation should be considered in selected
asymptomatic patients as well.

■ Electrophysiologic studies and RF catheter ablation
should be considered early in the management of pa-
tients with recurrent or refractory PSVT or atrial flutter.

■ Routine exercise stress testing, ventilation–perfusion
scanning, and assays of cardiac biomarkers are unneces-
sary in patients with SVTs, unless the clinical scenario is
suggestive of ischemia, pulmonary embolus, or MI, re-
spectively. Transthoracic echocardiography and serum
TSH screening are reasonable in the diagnostic workup
of new SVTs.
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■ Patients treated with amiodarone and other antiarrhyth-
mic drugs require extremely careful follow-up, because of
the potential for both cardiac and extracardiac toxicity.
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Ventricular Arrhythmias

and Cardiac Arrest
Graham Gardner H. Leon Greene Peter Zimetbaum

INTRODUCTION

Epidemiology

Sudden cardiac death is the most common cause of mor-
tality in the United States. Approximately 250,000 people
each year die within one hour of the onset of cardiovascu-
lar symptoms. The most common mechanism for sudden
cardiac death is an arrhythmia, usually ventricular fibrilla-
tion (VF). Though the overall mortality rate from cardio-
vascular diseases has been decreasing in the past few years,
sudden arrhythmic cardiac death remains a major problem.

Epidemiologic studies clearly show an association be-
tween the number of cardiac risk factors and the occurrence
of sudden cardiac death. Nearly three-quarters of all pa-
tients who experience a cardiac arrest resulting from ven-
tricular arrhythmias have previously recognized cardiac
disease, either angina pectoris, prior myocardial infarction
(MI), hypertension, or heart failure. Many patients are
completely asymptomatic until collapse (or have no
change in their chronic symptoms), although others, in
whom MI precipitates the ventricular arrhythmias, may
have chest pain prior to the collapse. Nevertheless, prospec-
tive identification of the patient who will develop serious
ventricular arrhythmias, so that appropriate therapy can be
instituted, remains an elusive goal.

Several cardiac rhythms can produce cardiac arrest. The
initial rhythm identified on the monitor depends on how
quickly monitoring is begun. Most patients who suffer car-
diac arrest in the community are believed to have VF as the
mechanism of arrest (1). The incidence of VF in the com-
munity may be declining, such that VF is now thought to be
responsible for a minority of in-hospital and fully moni-
tored cardiac arrests (2, 3). This trend may be related to im-

provements in treating underlying coronary artery disease
as a result of better revascularization and more aggressive
pharmacologic management. In addition, patients with
symptoms of acute coronary syndrome may be presenting
to medical attention earlier—leading to a shift in the oc-
currence of cardiac arrest from the outpatient to the inpa-
tient setting. To date, however, no evidence supports such
a trend (2). Still, telemetry monitoring for hospitalized pa-
tients could lead to the earlier identification of aberrant
rhythms. Often VF is preceded by a short run of ventricular
tachycardia (VT), but sustained VT without subsequent VF
rarely causes clinical cardiac arrest. Patients seen late after
their cardiac arrest commonly have asystole recorded as the
initial rhythm, although the rhythm actually responsible
for collapse is more likely to have been VT/VF (4). Pulseless
electrical activity or electromechanical dissociation is less
common but may be increasing in relative frequency.

The success of resuscitation depends on many factors,
which may be different for the patient resuscitated in the
hospital as opposed to the patient resuscitated out of the
hospital. Reported resuscitation success varies. It is less than
1% in some inner-city areas in which medic response time is
prolonged, but the success rate is over 40% in Seattle, in pa-
tients who have VF as the initially recorded rhythm and who
receive early defibrillation followed by the administration of
amiodarone en route to the hospital (5). Under the best cir-
cumstances, approximately two-thirds of patients who have
VF on the arrival of medics are resuscitated and survive to
hospital admission. Approximately half these cardiac arrest
patients who are admitted to the hospital (one-third of the
total VF population) ultimately are discharged from the hos-
pital alive and well. However, in settings in which the medic
response time is longer, resuscitation efforts are less success-
ful. If patients have electromechanical dissociation or

43
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asystole as the first recorded rhythm, their prognosis is poor,
with a long-term survival of only about 6% with electrome-
chanical dissociation and 1% with asystole.

The most important factor determining survival in VF is
rapid defibrillation (6). Provision of early cardiopul-
monary resuscitation (CPR), although useful, is a tempo-
rizing measure. Even excellent CPR provides only about
15% of normal cerebral blood flow and 5% of normal car-
diac perfusion.

Recurrent risk of cardiac arrest is high in survivors of VF,
and aggressive risk factor modification is necessary to help
prevent subsequent episodes. In addition, antiarrhythmic
medications and implantable cardioverter defibrillators
(ICDs) have been shown to improve survival in this group
(7). However, survivors of VF represent only a small per-
centage of the total cardiac arrest population. For this rea-
son, identifying high-risk patients and initiating primary
prevention have taken on increasing urgency.
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Figure 43.1 Spontaneous ventricular arrhythmias. AAD, antiarrhythmic drug; ACE, angiotensin-
converting enzyme; Amio, amiodarone; CA, cardiac arrest; CAD, coronary artery disease; CHF, con-
gestive heart failure; CT, computed tomography; ECG, electrocardiogram; EPS, electrophysiologic
study; ICD, implantable cardioverter defibrillator; IHD, ischemic heart disease; IV, intravenous; MI,
myocardial infarction; MRI, magnetic resonance imaging; Rx, treatment; VF, ventricular fibrillation;
VPD, ventricular premature depolarization; VT, ventricular tachycardia.
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a patient is asymptomatic and (a) it has been previously
demonstrated that the ventricular arrhythmia is chronic,
(b) the arrhythmia has been completely evaluated, and (c)
the arrhythmia has not been associated with serious hemo-
dynamic compromise or symptoms (e.g., idiopathic VT),
hospital admission may not be necessary. Patients with
ICDs who present with recurrent ventricular arrhythmias
that have been appropriately treated by their ICD (e.g., de-
fibrillation or pacing) also do not require hospitalization.

Etiology

A wide range of diseases and conditions is associated with
ventricular arrhythmias and may produce sudden cardiac
death (Table 43.1). These conditions must be distinguished
from nonarrhythmic conditions that can also cause sudden
collapse, such as cardiac tamponade, aortic dissection, sud-
den blood loss, stroke, tension pneumothorax, sepsis, and
pulmonary embolus.

On the initial evaluation, it is useful to distinguish the
more typical monomorphic sustained VT (Figure 43.2 A)
from polymorphic VT (Figure 43.2 B and C). Polymorphic VT
is characterized by beat-to-beat alterations in the morphol-
ogy of the QRS complex. If the polymorphic VT has a pat-
tern that appears to be rotating around a baseline and is as-
sociated with QT prolongation (Figure 43.2 C), it is called
torsade de pointes. Torsade de pointes may be caused by con-
genital prolongation of the QT interval, either at rest or with
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TABLE 43.1
DISEASES ASSOCIATED WITH SUDDEN
ARRHYTHMIC CARDIAC DEATH

Coronary artery disease
Acute ischemia/infarction
Chronic coronary disease

with prior myocardial
infarction

Ruptured myocardium
Coronary arteritis
Coronary spasm

Cardiomyopathy
Dilated
Hypertrophic

Symmetric
Asymmetric

Myocarditis
Infiltrative myocardial disease

Tumor
Infection
Sarcoid
Other

Valvular heart disease

Congenital heart disease
Coronary artery anomalies
Valvular heart disease
Tetralogy of Fallot
Left ventricular diverticulum
Right ventricular dysplasia
Wolff-Parkinson-White

syndrome
Long QT syndromes

Congenital
Acquired

Drug toxicity
Electrolyte abnormalities

Toxins (e.g., cocaine)
Proarrhythmic effects of

antiarrhythmic drugs
Electrolyte abnormalities
Mitral valve prolapse
Cardiac tumors
Pulmonary hypertension
Cardiac trauma
Electrocution
Primary electrical disease (e.g.,

Brugada syndrome,
idiopathic VF)

CATEGORIZATION OF VENTRICULAR
ARRHYTHMIAS

Ventricular arrhythmias can be classified as sustained or
nonsustained, symptomatic or asymptomatic, and toler-
ated or nontolerated. Sustained VT is defined as 30 seconds
or more of a ventricular rhythm at greater than 100 beats
per minute. Sustained VT that is one uniform morphology
is called monomorphic. If sustained VT is multiform in
morphology, it is called polymorphic VT. Nonsustained VT
is characterized by three or more ventricular beats at a rate
of greater than 100 beats per minute that last less than 30
seconds. Symptomatic VT refers to VT with the sensation of
palpitations, chest pain, shortness of breath, dizziness,
presyncope, or syncope. Tolerated VT suggests an absence of
associated significant hypotension or cardiac ischemia. Iso-
lated ventricular premature beats (VPBs) or couplets can
also be symptomatic or asymptomatic (Figure 43.1). They
may represent an independent risk for recurrent ventricular
arrhythmia in patients with coronary artery disease or other
cardiac pathology—particularly when they are frequent
(greater than 6–10 beats per hour).

GENERAL PRINCIPLES OF THERAPY

Though ventricular arrhythmias identify patients at higher
risk of sudden arrhythmic cardiac death, specific treatment
of these ventricular arrhythmias is not always indicated.
Treatment strategy should first focus on the primary disease
process and then on assessing the risk of further symp-
tomatic ventricular arrhythmias. No single test adequately
predicts serious ventricular arrhythmias, which means that
evaluating the risk of sudden death often involves several
testing modalities. These include echocardiogram, Holter
monitoring, stress testing, cardiac catheterization, and elec-
trophysiologic study. The role for some of these tests re-
mains controversial, and the extent of workup may depend
on the goals of the patient and the patient’s family, as well
as the experience of the cardiologist.

WHEN VENTRICULAR ARRHYTHMIAS
PRESENT ON ADMISSION

Clinical Presentations and Indications for
Admission

Symptomatic ventricular arrhythmias requiring hospital
admission include resuscitated VF (cardiac arrest) as well as
sustained and nonsustained VT with symptoms of syncope,
near-syncope, dizziness, or lightheadedness. Patients with
any of these symptoms should be admitted to the ICU,
coronary care unit, or (for patients with tolerated VT who
have not suffered loss of consciousness) a telemetry unit. If
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exercise. More commonly, however, polymorphic torsade
de pointes is acquired and is caused by antiarrhythmic drugs
(especially quinidine, procainamide, disopyramide,
dofetilide, sotalol, or rarely amiodarone), tricyclic antide-
pressants, phenothiazines, some antibiotics (especially ery-
thromycin and pentamidine), some antihistamines (terfe-
nadine and astemizole), and other drugs (probucol and
cisapride). It also may be precipitated by electrolyte disor-
ders such as hypokalemia, hypocalcemia, and hypomagne-
semia. Polymorphic VT in the absence of a prolonged QT
may occur after MI or with myocardial ischemia. By com-
parison, monomorphic sustained VT (Figure 43.2A) has a con-
stant appearance from beat to beat and is commonly seen in
patients with underlying coronary artery disease (especially
with left-ventricular scar) or other myocardial disease. Only
rarely do patients with monomorphic sustained VT lack un-
derlying heart disease (when they do, this is termed idio-
pathic VT, and it is rarely life threatening).

Sudden death in the young person or athlete carries its
own differential diagnosis (8). The most common causes
are hypertrophic obstructive cardiomyopathy (HOCM)

and anomalous coronary arteries. Direct trauma to the
heart (commotio cordis) is also an important cause. Other
etiologies include arrhythmogenic right ventricular dyspla-
sia (ARVD), long QT syndrome, Brugada syndrome, and
idiopathic VF (VF without underlying structural heart
disease).

Wolff-Parkinson-White syndrome (WPW) is a special
circumstance in which atrial fibrillation conducted over an
accessory pathway can precipitate VF. Administration of
drugs that directly or indirectly accelerate conduction of
atrial fibrillation over the accessory pathway (e.g., digoxin,
verapamil) can facilitate the development of VF in patients
with WPW. Definitive therapy is radiofrequency ablation
(Chapter 42).

Differential Diagnosis

Ventricular arrhythmias can usually be distinguished from
wide-complex supraventricular arrhythmias (Chapter 42)
by the presence of atrioventricular dissociation, the axis of
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Figure 43.2. Electrocardiographic monitor strips from three different patients. A. Monomorphic
sustained ventricular tachycardia (VT) in a patient with a previous myocardial scar. The QRS mor-
phology is identical from beat to beat. B. Polymorphic VT in a patient with ongoing ischemia. The
QRS changes from beat to beat, and the VT terminates spontaneously. Though it is difficult to mea-
sure on this single lead, the QT interval was normal on a 12-lead electrocardiogram. C. Torsade de
pointes VT in a patient taking quinidine. The QT is prolonged. The QRS changes dramatically from
beat to beat, twisting around an imaginary baseline. This VT also ultimately terminated sponta-
neously, as is common for torsade de pointes VT.

A

B

C
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the QRS vector, the width of the QRS complex, and several
morphological criteria. In patients with pre-existing heart dis-
ease or risk factors for sudden cardiac death, any arrhythmia
about which there is a question should be evaluated and treated
as ventricular in origin until proven otherwise.

Initial Evaluation and Treatment

Evaluation

The evaluation for the etiology of the cardiac arrest should
begin immediately after the resuscitation because the
treatment of any provoking factors will help stabilize the
patient and prevent an immediate recurrence of the ar-
rhythmia (Figure 43.3). An electrocardiogram (ECG) and
cardiac biomarker levels should be obtained to identify
patients with active ischemia or infarction who may ben-
efit from early revascularization. Evaluation of telemetry
and any rhythm strips provided by the paramedics is also
critical. Unfortunately, complications from the arrest,
such as acidemia, electrolyte abnormalities, and myocar-
dial stunning, can sometimes make the interpretation of
noninvasive tests more difficult. Similarly, because arrests
are frequently unwitnessed and patients may not be re-
sponsive, the history is often unhelpful in determining
whether cardiac ischemia preceded the arrest. In these cir-
cumstances, physicians may choose to proceed with car-
diac catheterization to exclude the possibility of coronary
artery disease. Cardiac catheterization with catheter-based
revascularization, if available, is preferred to thrombolysis
in the patient with active ischemia who has received
CPR (9).

For patients with polymorphic VT, attention must be
paid to possible precipitating causes, including illicit drugs,
prescribed medications, and electrolyte abnormalities.
Electrolyte abnormalities should be corrected aggressively,
although it is important to remember that certain abnor-
malities, such as hypokalemia, may be the consequence of
the high catecholamine state associated with cardiac arrest
and not necessarily the precipitating factor. For this reason,
a full cardiac workup should be simultaneously pursued in
these patients. Potentially offending medications must be
discontinued immediately.

Approximately 20% of patients develop new Q waves,
and 50% develop biomarker abnormalities consistent with
MI. Cardiac troponin assays are more specific and more
sensitive than creatine kinase MB levels for myocardial
damage, especially after CPR. Patients who have an acute
Q-wave MI at the time of VF have only about a 2% risk of
recurrent VF and do not warrant aggressive long-term an-
tiarrhythmic drug or device therapy, particularly if they
have been revascularized. By comparison, patients who have
neither new Q waves nor biomarker elevations are at the highest
risk for recurrent VT/VF, and patients without new Q waves
but with biomarker elevations have an intermediate risk.
Other risk factors for the recurrence of VT or VF include

male sex, advanced age, history of prior MI, low ejection
fraction, and a history of heart failure.

Early attention should also be directed toward the pa-
tient’s underlying neurologic status. Although diffuse
anoxic encephalopathy is the most common cause of stu-
por or coma after cardiac arrest, persistent abnormal men-
tal states after admission or any suggestion of localizing
central nervous system signs should prompt computed to-
mography or magnetic resonance imaging of the head to
evaluate for treatable intracranial pathology. It is important
to realize, and to help the family understand, that dramatic
recovery can occur, particularly within the first 72 hours.
Families often insist upon withdrawal of support immedi-
ately, based on the patient’s previously expressed wishes to
avoid “being hooked to machines,” without realizing that
nearly full recovery may be possible following a brief pe-
riod of mechanical support. Supportive efforts should not
be withdrawn based upon lack of return of neurologic
function if the patient has been exposed to drugs that might
depress central nervous system function or if seizures are
uncontrolled (e.g., barbiturate overdose).

Finally, the initial workup of a cardiac arrest should fo-
cus on conditions that can accompany an arrest (Figure
43.3). This workup includes a chest radiograph to evaluate
for pulmonary edema or aspiration pneumonia. A naso-
gastric tube must be placed to prevent gastric distention
and to evaluate for gastrointestinal bleeding. Urinary out-
put should be monitored by Foley catheter. Laboratory
data to monitor the patient’s renal function and acid-base
status will also help identify complications such as acute re-
nal failure, rhabdomyolysis, and lactic acidosis. Frequently,
an initial lactic acidosis may be caused by poor peripheral
tissue perfusion; however, persistent lactic acidosis should
be a clue to additional damage, such as bowel ischemia.

Management

Management of recurrent VF or pulseless VT begins with
early defibrillation, along with administration of intra-
venous antiarrhythmic medication (Table 43.2). Patients
who undergo a primary arrest in the hospital or who de-
velop recurrent VF after presentation should be defibril-
lated with 200–360 joules of energy applied to the chest
wall. Defibrillation should be performed as quickly as pos-
sible because the chance of success in terminating the ar-
rhythmia decreases with time (6).

Antiarrhythmic medications may also have a role in
the acute setting. In the ARREST trial, early administration
of intravenous amiodarone, given as a 300 mg intra-
venous push, led to a significant improvement in survival
to hospitalization among patients who experienced a car-
diac arrest from VF or VT that was initially unresponsive
to defibrillation (5). Although the study failed to detect a
difference in long-term survival between the groups
that received amiodarone versus placebo, amiodarone is
now considered first-line therapy for the management of VF or
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Figure 43.3 Critical pathway: cardiac arrest. AAD, antiarrhythmic drug; ABG, arterial blood gas;
Abx, antibiotics; ACE, angiotensin-converting enzyme; ACLS, advanced cardiac life support; ASA, as-
pirin; BCLS, basic cardiac life support; CABG, coronary artery bypass graft; CBC, complete blood
count; CK, creatine kinase; CSF, cerebrospinal fluid; CT, computed tomography; CXR, chest radio-
graph; D/C, discontinue; DNAR, do not attempt resuscitation; DVT, deep venous thrombosis; ECG,
electrocardiogram; EP, electrophysiologic; ER, emergency room; Hx, history; H2, histamine; ICD, im-
plantable cardioverter defibrillator; IH, in-hospital; I�O, intake and output; IV, intravenous; MD,
physician; MRI, magnetic resonance imaging; NG, nasogastric; NHP, nursing home placement; NPO,
nothing by mouth; OOH, out-of-hospital; PE, physical examination; Pt, patient; PT, prothrombin time;
PTCA, percutaneous transluminal coronary angioplasty; PTT, partial thromboplastin time; TPN, total
parenteral nutrition; UA, urinalysis; VS, vital signs; VT, ventricular tachycardia.
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Day1a:
First 4 hours and
continuing, as
needed

• Detailed Hx/PE
- from Pt (rarely) 
- from relatives/

friends/bystanders
- from primary MD

• Arterial line 
• ± Swan Ganz 

catheter
• Foley catheter
• NG tube
• Lytes/CBC/UA/PT/

PTT
• CXR
• ECG
• Cardiac biomarkers
• Toxicology screen
• Pulse oximetry
• ABGs
• ± Head CT/MRI
• ± Chest CT/MRI
• ± Echocardiogram

• ± Cath/PTCA
• ± Thrombolysis
• ± ASA
• Ventilate to correct

- pCO2

- pO2 (maintain
saturation 
≥ 92%)

- pH
• ± K+, Mg++

• Heparin (DVT 
prophylaxis)

• ± Inotropes
• ± Vasodilators
• ± Vasopressors
• ± Diuretics
• ± ACE inhibitors
• H2 blockers/

antacids
• Pain meds/

sedation prn

• VS q4h (mini-
mum) 

• Weight
• I + O
• Hemodynamics
• Neuro exam q

shift
• Pulse/circulatory

exam q shift
• Bedrest
• Eye/Skin care
• Restraints prn

Day 1:
Remainder and
continuing, as
needed 

• Cardiac 
biomarkers

• ABGs
• Social work 

consult prn

• VS q4h 
(minimum)

• I + O

Day 2

• CXR
• Lytes/CBC
• ECG
• Cardiac

biomarkers
• ABGs
• Echocardio-

gramd

• Neurology
consultd

• Pulse 
oximetry

• Abx if aspira-
tion pneumo-
nia

• VS/weight
• I + O

Day 3

• CSF CK-BB
• ± CXR
• Lytes/CBC
• ECG
• EP consult
• Nutrition

screen/consult
• Physical/occu-

pational thera-
py consult prn

• D/C lidocaine
• Ventilator 

weaning 
parameters

• ± Extubation

• VS/weight
• I + O

Day 4–7b

• D/C Swan-Ganz
• D/C arterial line
• CXR prn
• ECG prn
• Cardiac cath/other

diagnostic tests
prn

• ± PTCA/CABG
• Cardiac surgery

consult

• D/C IV as 
appropriate

• Heparin lock IVe

• VS/weight
• I + O
• Sit in chair, ambu-

late as tolerated
• D/C I + O
• Transfer to 

telemetry unit

Evaluation/
Tests/
Procedures

Medications
and
Theraputics

Nursing
Assessment

Day ≥8

• ICDc

• If severe brain
anoxia, ethics
consult prn

• Nursing home
placement ±
DNAR

• ± Feeding tube,
gastrostomy, or
TPN

• D/C IV as 
appropriate

In field or ER
(OOH arrest) or on
general hospital

• BCLS/ACLS
• Defibrillation
• Intubation
• Central IV line
• Rhythm 

monitoringe

• ± Lidocaine or
other AAD

• VS q15 min 
until stable

ward (IH arrest)
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In field or ER
(OOH arrest) or on
general hospital

Day11:
First 4 hours and
continuing, as
needed

• NPO
• IV fluids/glucose

• Orient to 
procedures/tests

• Introduce 
therapeutic options

• Begin education
re: prognosis
(cardiac and 
neurological)

• Discuss projected
timetable with 
family

Day 1: 
Remainder and
continuing, as
needed 

Day 2 Day 3

• Clear liquids,
advance diet as 
tolerated, or feed-
ing per feeding
tube, or parenteral
nutrition

• Teaching regard-
ing tests, thera-
peutics

• Frequent orienta-
tion to surround-
ings, tests, proce-
dures (near-term
memory loss)

• Assess discharge
needs (NHP, 
rehabilitation 
facility, home)

• Notify primary MD
of progress/plans

Nutrition

Patient/Family
Education

Discharge
Planning

Day ≥

• Discharge 
teaching

• Review with
patient and 
family

• Return 
appointments

• Return signs 
and symptoms

• Notify 
primary MD

a Under care of cardiologist/internist
b For sustained VT without anoxic brain damage, the algorithm starts approximately at day 4
c After all infectious sources cleared
d If not already performed
e Continue until definitive therapy is achieved, usually day 8 or after

Day 4–72 ≥8

ward (IH arrest)

Figure 43.3 (continued)

TABLE 43.2
ACUTE INTRAVENOUS ANTIARRHYTHMIC DRUGS FOR VT/VF

Loading dose Maintenance dose Therapeutic levels

Lidocaine 1–2 mg/kg bolus 1–4 mg/min 2–5 mg/mL
Procainamide 15–20 mg/kg over 1–4 mg/min 4–10 mg/mL

30–60 min
Amiodarone 150 mg over 10 min, 0.5–1.0 mg/min Not useful

360 mg over 6h,
540 mg over 18h

�-blockers
Esmolol 500 mcg/kg over 1 min 50 mcg/kg/min for 4 min; Not useful

(additional 500 mcg/kg adjust up or down q5 
over 1 min q5 min) min to maximum of 

200 mcg/kg/min
Metoprolol 5 mg bolus � 3, separated 5–10 mg/h Not useful

by 2 min
Propranolol 0.1 mg/kg at 1 mg/min; 3–15 mg/h Not useful

may repeat after 5 min 
(maximum 0.2 mg/kg)
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VT-mediated cardiac arrest. Lidocaine may have a role in
the acute management of ischemia-mediated VF or VT, al-
though the ALIVE trial indicated that amiodarone was
more effective than lidocaine in improving survival to
hospitalization (10). Magnesium sulfate is recommended
for the treatment of torsade de pointes and hypomagne-
semic states.

The induction of mild-to-moderate hypothermia (tar-
get core body temperature of 32–34°C for 24 hours) has
been shown to improve neurologic recovery in patients
who are successfully resuscitated after cardiac arrest
(11–13). At this time, the logistics involved in cooling pa-
tients quickly and effectively has limited its broad appli-
cation. However, newer technologies designed to achieve
efficient and isolated CNS cooling may prove useful in
helping patients retain their functional status after suffer-
ing an arrest.

Prognosis

Even in the acute phase, long-term prognosis can be esti-
mated with simple prognostic indices such as the Glasgow
Coma Scale (Table 117.1), the APACHE classification

system (Chapter 22), or other simple algorithms (Table
43.3) (14). The time elapsed in the coma itself is also pre-
dictive of subsequent awakening. For example, the patient
who has not awakened by the end of day 2 has only a
27% probability of ever awakening; the probability re-
mains about 20% even at three weeks (14). The probabil-
ity of awakening without gross motor and cognitive
deficits, however, is much lower. Fully one-third of even
those patients who are awake on admission have some
neurologic impairment in the long term, and after four
days of coma, essentially 100% of patients have both mo-
tor and cognitive deficits in the long term. Seizures and
myoclonus are also bad prognostic signs. Patients may be
observed for a variety of post-resuscitation complications
(Table 43.4).

Measurement of cerebrospinal fluid creatine kinase BB at
48 to 72 hours following cardiac arrest is predictive of the
patient’s awakening (15). If the level of cerebrospinal fluid
creatine kinase BB is less than 50 units/L, substantial neu-
rologic recovery is likely; values of more than 204 units/L
are associated with nearly zero chance of awakening.

ISSUES DURING THE COURSE OF
HOSPITALIZATION

Acute Cardiac Issues

In patients surviving cardiac arrest, the rhythm usually
stabilizes within the first 24 hours, and acute antiarrhyth-
mic drugs can often be discontinued 48–72 hours after
admission. Frequent recurrent arrhythmias, particularly
during the first 24 hours after admission, may indicate an
ongoing ischemic process. However, other causes should
be sought, such as drug intoxication and electrolyte ab-
normalities, especially in patients with prolonged QT in-
tervals and polymorphic VT. Likewise, cardiac output and
blood pressure usually stabilize by 48 hours, although
dramatic fluctuations in blood pressure may continue, re-
quiring variable doses of vasodilating and vasopressor
drugs.

Definitive Cardiac Evaluation

Definitive cardiac evaluation should begin as soon as possi-
ble after hospital admission (Chapter 36). Echocardiogra-
phy is useful to measure left ventricular ejection fraction, to
assess valve function, and to exclude pulmonary
hypertension and the presence of dilated or hypertrophic
cardiomyopathies. Remember, however, that transient
myocardial stunning may follow cardiac arrest from any
cause. Thus, an accurate measurement of left ventricular
function may need to be delayed 48–72 hours. If it is
suspected that transient myocardial ischemia triggered
the ventricular arrhythmia, an invasive or noninvasive
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TABLE 43.3B
PREDICTION OF AWAKENING: CORRELATION
OF SCORE WITH PROBABILITY

Score on admission Probability of awakening (%)

0, 1, 2 5
3, 4 24
5, 6, 7 74
8, 9 95

TABLE 43.3A
PREDICTION OF AWAKENING:
DETERMINATION OF SCORE

� 3 � � � First
pupillary Spontaneous blood-

Motor light eye glucose
response response movements level

0, Absent 0, Absent 0, Absent 0, �300 mg/dL
1, Extensor 1, Present 1, Present 1, �300 mg/dL

posturing
2, Flexor posturing
3, Nonposturing
4, Withdrawal or

localizing

Note: Sum of subscores gives score on admission.
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assessment of coronary perfusion should be performed.
Holter monitoring and electrophysiologic testing may be
critical for diagnosis, but studies have suggested that
expedited progression to placement of an ICD is often
appropriate in patients who have suffered a near-fatal
cardiac arrest (7).

Risk factors for recurrence of sustained VT or VF include
male sex, advanced age, lack of development of a new 
Q-wave MI with the episode of VF, history of prior MI, low
ejection fraction, and history of heart failure. The only reli-
able single indicator of low risk of recurrent VT/VF is the de-
velopment of a new Q-wave MI at the time of VF.

WHEN THE DISEASE PRESENTS DURING
HOSPITALIZATION

Cardiac Arrest

Frequently, cardiac arrest resulting from VT or VF occurs in
a patient already hospitalized for another condition.
Patients with in-hospital arrests may have the same
spectrum of diseases as patients who present with arrests
that occurred out of the hospital, but inpatients are more
likely to have had an arrest because of an MI, pulmonary
embolus, or blood loss related to their coexisting diseases.
Nevertheless, the evaluation and treatment of these pa-
tients should be as extensive as it is in the patient with an
out-of-hospital presentation. Often the patient is uncon-
scious or in the operating room at the time of the arrhyth-
mia and cannot provide the history of chest pain that
might otherwise have been noted as an ischemic precipi-
tant. These patients often are sicker because of the combi-
nation of the cardiac disease and other coexisting pathol-
ogy, and the success of the initial resuscitation in fact may
be lower than that for out-of-hospital arrest, even though
the response time is faster. However, under certain circum-
stances, such as in the cardiac catheterization laboratory,
resuscitation rates can approach 100% because of nearly
immediate defibrillation of VT or VF.

A VT/VF arrest that occurs in an already critically ill
patient often portends irreversibility of the underlying
disease process. If such an arrest occurs in a patient with a
preterminal condition, such as an advanced malignancy,
aggressive resuscitation may be inappropriate (Chapter 17).
It is critical that the physician quickly understand the
patient’s overall situation to guide in-hospital CPR attempts.
It is tempting to blame a low potassium level, cate-
cholamines, drugs, or hypoxia for the arrhythmia, but hos-
pitalized patients commonly also have an underlying
propensity to ventricular arrhythmias unrelated to any
transient condition. They may well need even more exten-
sive testing than out-of-hospital patients to be certain that
the VT/VF has a reversible cause. Furthermore, they ulti-
mately have worse long-term outcomes than patients with
out-of-hospital VT/VF.

Because hospitalized patients usually have other comor-
bid diseases that precipitate the arrhythmia, the first step is
to identify these causes and correct them if possible. It is
critical to distinguish polymorphic VT from monomorphic
VT because of the often differing underlying causes and
their therapeutic implications.

For the patient with drug-induced polymorphic VT with a
long QT interval, electrolyte abnormalities must be cor-
rected, and potentially causative medications must be
discontinued. A bolus of magnesium (1–2 g over 10 min-
utes, followed by a continuous infusion) followed by emer-
gent insertion of a temporary transvenous pacemaker or
administration of intravenous isoproterenol to increase the
cardiac rate is indicated. In a patient with unstable ischemic
heart disease and polymorphic VT, aggressive treatment
with �-blockers, nitrates, and possibly intravenous amio-
darone may be effective; prompt revascularization is the
ideal treatment. For patients with congenital or idiopathic
long QT syndrome, cardiologic consultation is required to
plan therapy.

Chapter 43: Ventricular Arrhythmias and Cardiac Arrest 417

TABLE 43.4
COMPLICATIONS OF CARDIAC ARREST AND
RESUSCITATION

Early Late

Rib fractures/flail chest Acute respiratory distress 
Pneumothorax/hemothorax syndrome
Stomach/esophageal rupture Sepsis
Liver laceration Gastrointestinal bleeding
Rhabdomyolysis Anoxic encephalopathy
Limb ischemia
Bowel ischemia
Aspiration pneumonia
Renal failure
Coma
Trauma (especially head trauma)

related to fall, automobile 
accident, etc., secondary to
cardiac arrest

Pericardial effusion
Complications related to central

line placement
Laceration of subclavian artery or

vein
Hematoma
Arteriovenous fistula

Complications related to 
endotracheal  intubation
Selective intubation of right or

left mainstream bronchus
Vocal-cord damage

Cardiac laceration or rupture
Splenic laceration
Skin burns from repeated

defibrillation
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For the patient with monomorphic VT, direct-current car-
dioversion is the treatment of choice. Lidocaine, pro-
cainamide, or amiodarone (Table 43.2) can be used as ad-
junctive therapy after successful cardioversion or for
loading doses prior to repeat cardioversion in patients in
whom initial cardioversion has been unsuccessful. In some
instances, tolerated sustained monomorphic VT can be ab-
lated in the electrophysiology laboratory. In most cases of
tolerated VT associated with structural heart disease, or in
cases of untolerated VT, an ICD is indicated.

OTHER PRESENTATIONS OF
VENTRICULAR ARRHYTHMIAS

Patients may present not with VF and cardiac arrest, but
rather with more well-tolerated arrhythmias such as hemo-
dynamically stable sustained VT (30 seconds or more of
VT), nonsustained VT, or frequent VPBs. Many patients
with VPBs or nonsustained VT require no specific antiar-
rhythmic therapy. These arrhythmias are commonly seen
in hospitalized patients (especially those who are critically
ill) and often are related to marked sympathetic stimula-
tion from hypotension, fluid overload, sepsis, respiratory
failure, or other critical illnesses. If the VPB or nonsus-
tained VT is a manifestation of an exacerbation of ischemic
heart disease, aggressive therapy should target the ischemic
heart disease itself (Chapter 37). If the nonsustained VT or
frequent VPBs themselves cause hemodynamic complica-
tions, suppression with intravenous antiarrhythmic drugs
(Table 43.2) may be helpful and generally is indicated.
However, the patient’s ultimate prognosis is depends more
on the outcome of treatment of the underlying severe ill-
ness than on the treatment of the ventricular arrhythmias
themselves. In some critically ill patients, VPBs may be pre-
cipitated by a right heart catheter; withdrawal of the
catheter back into the central venous system is curative. Re-
member that VPBs in patients without structural heart disease
do not carry an increased risk for cardiac events.

Nonsustained VT may herald more serious arrhythmias,
however. For that reason, basic evaluation is essential,
though it need not necessarily be performed completely in
the hospital, nor need it always result in long-term treat-
ment. On occasion, a patient may have recurrent episodes
of nonsustained VT documented for a considerable length
of time without symptoms. In such cases, in-hospital eval-
uation is not required. Nonsustained VT or even torsade de
pointes VT usually can be managed in either the critical care
unit or a monitored telemetry unit. Patients with coronary
artery disease or with heart failure or low left ventricular
ejection fraction who have nonsustained VT are at higher
risk of cardiac arrest than similar patients without these
arrhythmias. Higher-risk patients should be managed in
consultation with a cardiac electrophysiologist as they
often require specialized electrophysiologic testing, ICD
implantation, or antiarrhythmic drugs.

With the proliferation of ICDs, more patients are pre-
senting to hospitals with a history of a shock or shocks from
the ICD. These shocks may be either single, isolated events
or repeated shocks over a short period of time. Single, iso-
lated ICD shocks require an evaluation for acute factors such
as electrolyte abnormality, drug intoxication, ischemia, or
device malfunction. However, most patients with ICD
shocks can be discharged from the physician’s office or the
emergency department without hospitalization. Frequent,
closely spaced shocks or symptomatic episodes may require
hospitalization for evaluation for primary causes, the initi-
ation of antiarrhythmic drugs, or electrophysiologic study
with VT ablation.

Another common issue is the question of whether to re-
place an ICD at the time of battery depletion if no shocks
or antitachycardia pacing therapies have been delivered
since the original implantation. In general, it is appropriate
to replace these devices because patients have a continued
moderate risk for recurrence of ventricular arrhythmias.

DISCHARGE ISSUES

Long-Term Therapy

It is important to address the primary cause of the arrhyth-
mia, usually coronary artery disease. Evidence of reversible
ischemia will usually lead to a percutaneous coronary
intervention or to coronary artery bypass graft (CABG)
surgery. However, unless transient ischemia was responsi-
ble for the arrhythmia, revascularization alone may not be
sufficient to prevent further arrhythmic episodes. Aortic or
mitral valve disease should be corrected if appropriate, but
patients with valve disease probably remain at risk for fur-
ther VT/VF even after correction of their valvular abnor-
mality.

In patients with polymorphic VT, avoidance of precipi-
tating medications may be the only treatment needed.
However, many patients with polymorphic VT have my-
ocardial ischemia or an ongoing tendency to develop pre-
cipitating electrolyte abnormalities and may require more
definitive therapy.

Based on the results of multiple clinical trials (7,
16–20), it is now widely accepted that the ICD is the most effi-
cacious therapy for patients with a history of VF or sustained VT
with syncope or serious hemodynamic compromise, except in sit-
uations in which there are contraindications (7) (Tables
43.5 and 43.6). In fact, in patients with heart failure that re-
mains symptomatic, an ICD can be combined with cardiac
resynchronization therapy to improve outcome (16). Mul-
tiple trials suggest that high-risk patients, even those with-
out a previously documented history of VT or VF arrest, also
benefit from implantation of an ICD for the primary pre-
vention of sudden cardiac death (17–21).

In addition to ICD implantation, other therapies can be
considered in consultation with a cardiac electrophysiolo-
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gist. Radiofrequency ablation in patients with monomor-
phic VT may reduce symptoms and decrease device firing.
Antiarrhythmic medications (Table 43.7) may also help to
suppress recurrent arrhythmias, although medications
should not replace the implantation of an ICD in appro-
priate candidates. Concomitant use of antiarrhythmic med-
ications with an ICD is common practice (in as high as
70% of patients). Amiodarone is generally considered first-
line therapy (particularly for patients with heart failure), al-
though it has a number of potential toxicities. Because of
this, amiodarone should be loaded in the hospital in pa-
tients with VT who do not have an ICD. In general, deci-
sions about the use of amiodarone or alternative antiar-
rhythmic medications should be made in consultation
with a cardiologist.

Other Long-Term Issues

Patients who do not survive the hospitalization after initial
resuscitation from their ventricular arrhythmias usually
die of either cardiogenic shock or devastating neurologic
impairment. Lack of neurologic function itself may limit
the ability to perform diagnostic tests or even to obtain

consent for procedures. It is common for a patient to be dis-
charged to a nursing home or a rehabilitative facility with-
out definitive cardiac evaluation or treatment for ventricu-
lar arrhythmias, with subsequent cardiac evaluation
deferred for weeks or even months until the patient’s neu-
rologic status renders evaluation appropriate.

Return of neurologic function is commonly slow and
progressive. Patients often retain excellent long-term mem-
ory but virtually no short-term memory. In fact, patients
who have had a VF arrest almost always have total amnesia
for the event, including the minutes or hours preceding the
arrest, whereas patients with only sustained VT (and there-
fore maintenance of at least some cardiac output) usually
have preserved memories.

Activities that could put the patient or others at risk
should an arrhythmia recur should be addressed. Guide-
lines for driving are variable from state to state and often ill
defined (22). Most physicians restrict driving for approxi-
mately six months after the most recent cardiac arrhythmia
that caused loss or near loss of consciousness. Restriction is
not directly related to subsequent therapy, such as the ICD,
but it reflects the hazards that may occur should the patient
become temporarily incapacitated and lose control of a ve-
hicle because of an arrhythmia.

Other potentially risky activities, such as traveling to re-
mote areas, swimming, climbing ladders, working in ex-
posed areas (e.g., on the roof of a house), and piloting an
airplane must also be restricted. Recommendations should
be individualized, based upon the characteristics of the
patient’s myocardial function and symptoms with arrhyth-
mias. In considering these recommendations, the physi-
cian should also take account of risks to other parties.

OUTPATIENT FOLLOW-UP

The patient can be discharged after complete cardiac eval-
uation and definitive therapy for both the primary and
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TABLE 43.6
CONDITIONS FOR WHICH TREATMENT OF
CHOICE IS UNCERTAIN

Nonsustained VT, especially if asymptomatic and/or noninducible at
electrophysiology study

VT/VF associated with transient, supposedly reversible cause
Sustained VT that is minimally symptomatic with minimal

hemodynamic consequences
Unexplained syncope

VF, ventricular fibrillation; VT, ventricular tachycardia.

TABLE 43.5
WHEN AN IMPLANTABLE CARDIOVERTER
DEFIBRILLATOR IS NOT INDICATED FOR THE
PATIENT WITH SUSTAINED VENTRICULAR
TACHYCARDIA/FIBRILLATION

Temporarily
Patient has ongoing infection
Patient has a poor neurologic recovery, soon after arrest

Permanently
VF associated with new Q-wave myocardial infarction
Patient fails to improve neurologically over time
Patient refusal
Coexisting disease that will seriously limit chance of survival
? Class IV CHF, unless the patient is a transplant candidate
VT/VF occurred early (�48h) after myocardial infarction, per-

cutaneous coronary angioplasty, or coronary artery bypass graft

CHF, congestive heart failure; VF, ventricular fibrillation; VT, ventricular
tachycardia.

TABLE 43.7
CLASSIFICATION OF ANTIARRHYTHMIC DRUGS
FOR VT/VF

Class I IA Quinidine
Procainamide
Disopyramide

IB Tocainide
Lidocaine (intravenous only)
Mexiletine

IC Flecainide
Propafenone

Class II �-blocking agents
Class III Amiodarone

Sotalol
Bretylium
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secondary conditions. Except for some specific situations,
an ICD is now the recommended therapy for survivors
of sustained VT/VF; hospital discharge is appropriate
soon after recovery from anesthesia for implantation. Pa-
tients can usually be discharged home, although they
sometimes must be discharged to a nursing home or
rehabilitation facility for further neurologic and cardiac
recovery.

A return outpatient visit with the primary care physician
and cardiologist should be scheduled for one to four weeks
after hospital discharge. In addition, close follow-up with a
device clinic is required for patients who have undergone
ICD implantation. Patients usually are seen at two- to four-
month intervals thereafter.

COST CONSIDERATIONS AND
RESOURCE USE

Two weeks is the average length of hospital stay for the
patient who survives a cardiac arrest from out-of-hospital
sustained VT/VF and who has an ICD implanted.
Patients who have severe myocardial dysfunction often die
soon after hospital admission; other patients with severe
neurologic impairment may require prolonged hospital
stays, including time in a rehabilitation facility or
nursing home. Therefore, the treatment of cardiac arrest is
expensive.

The development of the ICD has raised major issues
regarding the cost and quality of care for patients with VT
and VF. In the Multicenter Automatic Defibrillator Implan-
tation Trial (MADIT) (17), the average hospitalization cost
for patients treated with antiarrhythmic drugs was about
$19,000, compared with $45,000 for patients treated with
an ICD (23). Nevertheless, compared with antiarrhythmic
drugs, the cost per year of life saved by an ICD was only
about $23,000, well within the range of other commonly of-
fered therapies in the United States. However, in another
trial, the cost was considerably higher (7). Clearly, careful
selection of patients is essential to avoid implantation of
ICDs in patients who are unlikely to have a recurrence of
VT/VF.

KEY POINTS

■ In patients presenting with ventricular arrhythmias, in-
vestigation for the cause of the arrhythmia should begin
immediately after successful resuscitation.

■ Clinicians should search vigorously for treatable other
conditions that may accompany cardiac arrest.

■ Neurologic recovery may be slow, and one needs to al-
low adequate time for recovery before estimating prog-
nosis with certainty.

■ Randomized trials have concluded definitively that pa-
tients with a history of VF or symptomatic VT benefit
from implantation of an ICD and that this intervention
is relatively cost effective.

■ Polymorphic VT must be differentiated from monomor-
phic VT because the former has different causes and
treatments.

■ Do not overtreat otherwise asymptomatic patients with
nonsustained VT or VPBs in the absence of structural
heart disease.
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Syncope
Wishwa N. Kapoor David J. McAdams

INTRODUCTION

Syncope is a common problem that accounts for 1%–6% of
hospital admissions and 3% of visits to emergency depart-
ments. The incidence is about six first episodes of syncope
per 1,000 person-years among adults (1). The differential
diagnosis of syncope is broad, and assigning a cause of syn-
cope can be challenging. Furthermore, subgroups of pa-
tients, especially those with cardiac disease, have a high risk
of sudden death. Because of these issues, patients with syn-
cope are often admitted and subjected to a large number of
tests that have low yield (1–3).

ISSUES AT THE TIME OF ADMISSION

Clinical Presentation

Syncope is defined as a sudden transient loss of conscious-
ness associated with a loss of postural tone, with sponta-
neous recovery. Usually, the first issue to determine is
whether a given patient had syncope or another state of al-
tered consciousness that resembles syncope. Patients re-
quiring chemical or electrical cardioversion are defined as
having survived sudden death rather than as having experi-
enced syncope. The absence of loss of consciousness de-
fines dizziness and presyncope, as well as “drop attacks.”
Vertigo has an associated sense of motion.

Seizure and syncope can be difficult to separate clini-
cally for several reasons. First, hypotension leading to
cerebral ischemia may cause convulsions; experimental
cerebral ischemia lasting 15 seconds or more has been as-
sociated with seizure-like activity. Second, akinetic
seizures have been described despite a negative interictal
electroencephalogram (EEG). Finally, many patients with
syncope may have myoclonic jerks or urinary inconti-
nence, which may mistakenly be attributed to seizures.
The patient may not recall convulsive symptoms during

an unwitnessed spell. In differentiating seizures from syn-
cope, disorientation after the loss of consciousness is the
best distinguishing feature suggesting seizure rather than
syncope. Patients whose loss of consciousness lasts more
than five minutes are also more likely to have had a
seizure than an episode of syncope. Features suggesting
syncope rather than seizure include pallor during the
episode, sweating, nausea, and vomiting.

Differential Diagnosis and Initial Evaluation

The causes of syncope can be divided into four broad cate-
gories (Table 44.1). A brief general description of these
disorders is provided here, and greater details are found
elsewhere.

1. Neurally mediated syncope. This category encompasses the
most common causes of syncope and includes vasovagal,
situational (micturition, cough, defecation, swallow),
and carotid sinus syncope, as well as many other types of
syncope such as neuralgia, panic and generalized anxiety
disorders, and spells associated with exercise in athletes
without heart disease. Neurally mediated syncope is also
termed neurocardiogenic or vasovagal syncope.

In these disorders, syncope results from sudden reflex-
mediated hypotension and/or bradycardia. Although
the exact mechanism is poorly understood, these disor-
ders may be triggered by stimulation of receptors that re-
spond to stretch (mechanoreceptors). These receptors
are located diffusely throughout the body (such as in the
bladder, esophagus, respiratory tract, and carotid sinus).
In susceptible individuals, the stimulation of these re-
ceptors results in transmission of impulses to the
medulla. Efferent discharges from the medullary centers
lead to hypotension and/or bradycardia.

2. Orthostatic hypotension. Orthostatic hypotension is de-
fined as a decline of 20 mm Hg or more in systolic pres-
sure or 10 mm Hg or more in diastolic pressure after the
patient assumes an upright position. The clinical diag-

44
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nosis of orthostatic hypotension requires the presence
of symptoms in association with a decrease in blood
pressure. Symptoms of orthostatic hypotension include
dizziness or light-headedness, blurring or loss of vision,
weakness, and syncope. Loss of consciousness is usually
brief. These symptoms are often worse when a person
arises in the morning and may be especially prominent
after meals or exercise.

Orthostatic hypotension has many causes. Decreased
intravascular volume and adverse effects of drugs are the
most common causes of symptomatic orthostatic hy-
potension. Elderly patients are especially vulnerable to
symptoms from drugs and volume depletion because of
decreased baroreceptor sensitivity, decreased cerebral
blood flow, excessive renal sodium wasting, and a re-
duced thirst response with aging. Any condition that im-
pairs peripheral sympathetic tone, such as the use of
many antihypertensive medications and the neuropathy
of diabetes mellitus, also predisposes patients to ortho-
static hypotension and syncope.

3. Neurologic diseases. Syncope is a rare manifestation of
cerebrovascular disease. Only about 15% of patients
with vertebrobasilar transient ischemic attacks (TIAs)
have drop attacks, and syncope is even less common.
Loss of consciousness is almost always accompanied by
other neurologic symptoms of brain stem ischemia. Syn-
cope is generally not a manifestation of carotid artery is-
chemia unless accompanied by disease of the verte-
brobasilar arteries. Subclavian steal syndrome due to
subclavian stenosis and reversal of blood in the ipsilat-
eral vertebral artery may also lead to brain stem is-

chemia. A difference in blood pressure (usually �20mm
Hg) and pulse intensity between arms is a helpful clue
to this diagnosis. A “faint sensation” is reported in
12%–18% of patients with migraine and may often be a
vasovagal reaction to pain. Basilar artery migraine, a rare
disorder that affects adolescents, may cause syncope be-
cause of spasm of the basilar arterial tree. The clinical
presentation includes syncope and headaches in associ-
ation with symptoms of brain stem ischemia. Seizures
can also mimic syncope and are important to recognize,
as discussed earlier.

4. Cardiac diseases. Cardiac etiologies include those dis-
eases associated with severe obstruction to cardiac out-
put (4), various other cardiac diseases associated with
sudden decrease in cardiac output, and rhythm distur-
bances. Although cardiac disease is sometimes first
discovered after a patient presents with syncope, it is
more typical for patients with known, preexisting car-
diac disease to present cardiogenic syncope (see Table
44.1).

Outflow obstruction can critically reduce cerebral
blood flow and may be caused by structural lesions of
the left or right side of the heart. All types of heart dis-
ease may produce exertional syncope when the cardiac
output is fixed and does not rise (or even falls) with
exercise. Examples include severe aortic stenosis, hyper-
trophic cardiomyopathy, pulmonary hypertension, pul-
monic stenosis, and pulmonary emboli. All can result in
both exertional or nonexertional syncope.

Other organic cardiac diseases that cause syncope in-
clude myocardial infarction, unstable angina, coronary
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TABLE 44.1
CAUSES OF SYNCOPE ACCORDING TO SEX AND THE PRESENCE OR ABSENCE OF CARDIOVASCULAR
DISEASE AT BASELINE

Cardiovascular disease absent Cardiovascular disease present
(N � 599) (N � 223)

Total sample
Cause Men Women Men Women (N � 822)

Percentage of subjects

Cardiac 6.5 3.8 26.7 16.8 9.5
Unknowna 31.0 41.7 31.0 37.4 36.6
Stroke or transient 1.7 2.5 9.5 9.4 4.1

ischemic attack
Seizure 7.3 3.3 6.9 2.8 4.9
Vasovagal 24.1 24.5 11.2 14.0 21.2
Orthostatic 9.5 10.9 6.9 6.5 9.4
Medication 7.3 6.5 4.3 9.4 6.8
Otherb 13.0 6.8 3.5 3.7 7.5

a When a participant did not seek medical attention for syncope and the history, physical examination, and electrocardiographic findings were not
consistent with any of the specific causes, the cause was considered to be unknown.
b Cough syncope, micturition syncope, and situational syncope were included in the category of other causes.
From Soteriades ES, Evans JC, Larson MG, et al. Incidence and prognosis of syncope. N Engl J Med 2002;347:881, with permission.
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artery spasm, aortic dissection, and other conditions
where cardiac output suddenly decreases.

Arrhythmias may cause syncope by reducing cardiac
output. Excessive vagal tone, decreased sympathetic
tone, or sinus node disease may cause sinus bradycardia.
Many parasympathomimetic agents, sympatholytic
agents, and �-blocking agents can cause bradycardia
(Chapter 45). Syncope occurs in 25%–70% of patients
with sick sinus syndrome. Electrocardiographic mani-
festations of this disorder include sinus bradycardia,
pauses, arrest, or exit block. Supraventricular tachycar-
dia or atrial fibrillation may also occur in association
with bradycardia or atrial fibrillation with slow ventric-
ular response (tachycardia-bradycardia syndrome).

Ventricular tachyarrhythmias almost always occur in
the setting of known organic heart disease (Chapter
43). Torsade de pointes (or polymorphic ventricular
tachycardia) occurs in patients with congenital prolon-
gation of the QT interval (with or without associated
deafness) as well as acquired long QT syndromes
caused by drugs (such as quinidine, procainamide,
amiodarone, and sotalol), electrolyte abnormalities,
and central nervous system disorders. Other tachy-
arrhythmias that may cause syncope include atrial fib-
rillation or flutter with rapid ventricular response, AV
nodal re-entrant tachycardia, and supraventricular
tachycardia in patients with Wolff-Parkinson-White
syndrome (Chapter 42). About 18% of patients have
multiple causes of syncope (5). Such patients have a
significantly worse prognosis than patients with a sin-
gle cause.

Diagnostic Evaluation

Figure 44.1 shows a flow diagram for approach to patients
with syncope. Initial history, physical examination, and
electrocardiography (ECG) form the cornerstone of the
evaluation of syncope. This initial assessment may be di-
agnostic of a cause (such as orthostatic hypotension), in
which case treatment can be initiated without the need for
additional workup for the etiology of syncope. Alterna-
tively, history, physical examination, and ECG may
suggest a cause (such as symptoms consistent with pul-
monary emboli). In these instances, specific tests can be
done, and if diagnostic, treatment can be started. The re-
mainder of the patients have unexplained syncope after
history, physical examination, and ECG. These patients
can be considered under three categories: those with or-
ganic heart disease, the elderly, and those without heart
disease. The evaluation of patients with structural heart
disease revolves around assessment of the extent and
severity of underlying heart disease and detection of ar-
rhythmias. In patients without heart disease or when
arrhythmias are not likely, the evaluation centers on neu-
rally mediated syncope, psychiatric illnesses, or, rarely,
bradyarrhythmias.

Some specific observations and recommendations
follow:

1. The history and physical examination identify a cause in
45% of cases. Examples of such diagnoses include ortho-
static hypotension, situational syncope, and drug-in-
duced syncope. Baseline laboratory tests rarely point to a
cause of syncope but may be needed for evaluation and
management of comorbid conditions and effect of drugs.

2. The ECG directly identifies the cause of syncope in less
than 5% of patients, but ECG abnormalities are found
in up to 50% of patients and can be important clues to
possible causes. Examples include bundle-branch block
and long QT interval.

3. Electroencephalography provides diagnostic informa-
tion in less than 2% of patients, almost all of whom
have symptoms suggestive of seizure or a history of a
convulsive disorder. Computed tomographic (CT) scans
of the head provide new diagnostic information in
about 4% of patients, almost all of whom have focal
neurologic findings or history consistent with a seizure.

4. Testing for arrhythmias: Arrhythmias are found mainly in
patients with structural heart disease or an abnormal
ECG. Predictors of arrhythmic syncope or cardiac death at
one year include: age greater than 45 years, history of con-
gestive heart failure, abnormal ECG other than nonspe-
cific ST changes, and history of ventricular arrhythmias
(frequent or repetitive premature ventricular contractions
[PVCs]). Arrhythmia testing is recommended in patients
who have at least one predictor of arrhythmic syncope or
cardiac death and whose symptoms are suggestive of car-
diac syncope (sudden brief loss of consciousness without
prodrome). In patients with structural heart disease, a
cardiovascular evaluation (such as stress testing and
echocardiogram) is often needed in addition to tests for
arrhythmias, because management of underlying heart
disease is closely linked to treatment plans for arrhyth-
mias. The tests for arrhythmias include the following:
■ Ambulatory monitoring. In studies of ambulatory

Holter monitoring performed for 12–24 hours,
symptoms with concurrent arrhythmias are found in
5% (leading to diagnosis of arrhythmic syncope) and
symptoms without arrhythmias, in 17% (potentially
excluding arrhythmic syncope) (6). In 79%, brief ar-
rhythmias or no arrhythmias are found, and there is
no clear link to symptoms. Arrhythmic syncope can-
not be excluded in these patients.

■ External loop event monitoring. External loop recorders
can be used for monitoring patients for weeks to
months, making it possible to capture a rhythm strip
during symptoms in patients with infrequent events.
Arrhythmias during syncope are found in 8%–20%,
and normal rhythm during symptoms in 12%–27%
of patients by the use of external event monitoring.
Overall, event monitors are significantly more likely
to establish or exclude arrhythmias as a cause of
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Figure 44.1 A flow diagram for the evaluation of syncope. OHD, organic heart disease. (Adapted
from Linzer M, Yang EH, Estes NA 3rd, Wang P, Vorperian VR, Kapoor WN. Diagnosing syncope. Part
1: Value of history, physical examination, and electrocardiography. Ann Intern Med 1997;126:
989–996, with permission.)
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syncope than is Holter monitoring. Major limitations
of external event monitoring include lack of an event
during monitoring and failure of the patient to acti-
vate the device during symptoms, sometimes because
symptoms are so severe. Implantable loop recorders,
which are inserted surgically and can provide contin-
uous monitoring for 12–18 months, can diagnose ar-
rhythmias in approximately 25% of patients who
have previously undiagnosed syncope despite prior
monitoring (8). In a randomized trial, a diagnosis of
the cause of syncope was made significantly more of-
ten in patients who were evaluated with prolonged
implanted loop recorders (55%) than in patients who
had “conventional” evaluation with tilt-table testing,
external loop monitors, and electrophysiologic stud-
ies (19%). The most frequent arrhythmia found was
bradycardia (9).

■ Electrophysiologic studies. In syncope patients, electro-
physiologic tests are abnormal mainly in those with
structural heart disease or an abnormal ECG. In pa-
tients with heart disease, approximately 21% have
inducible ventricular tachycardia and 34%, bradycar-
dia (14% have multiple diagnoses). In patients with
ECG abnormalities, 3% have inducible ventricular
tachycardia and 19%, bradycardia. In patients with-
out heart disease, 1% have ventricular tachycardia
and 10%, bradycardia. Several studies have suggested
that the sensitivity and specificity of electrophysio-
logic tests for bradyarrhythmias is poor.

■ Signal-averaged ECG (SAGE). The presence of late po-
tentials demonstrated by SAGE has a high sensitivity
and specificity (approximately 70%–90%) for in-
ducible ventricular tachycardia by electrophysiologic
testing. A normal SAGE may help avoid electrophysio-
logic studies if ventricular tachycardia is the only con-
cern (9). However, electrophysiologic tests in patients
with syncope often are done for other arrhythmias in
addition to ventricular tachycardias. Thus, SAGE test-
ing rarely obviates the use of electrophysiologic testing.

5. Upright tilt testing: Upright tilt testing is used for evalu-
ation of the autonomic nervous system. In patients pre-
senting with syncope, it is generally used to evaluate the
predisposition to neurally mediated or vasovagal syn-
cope, although dysautonomic responses and postural
tachycardia syndrome are also rarely diagnosed by tilt
testing. To test for predisposition to vasovagal syncope,
methodologies include passive tilt testing (without the
use of chemical stimulation) or the use of various drugs
(most commonly isoproterenol in the United States and
nitroglycerin in Europe) during testing. In patients with
unexplained syncope, positive responses occur in ap-
proximately 50% with passive testing and in approxi-
mately 66% with isoproterenol protocols. The results
with nitroglycerin appear similar to those with isopro-
terenol. The specificity of tilt testing without chemical
stimulation is approximately 90%, and approximately

75% with isoproterenol. Specificity with isoproterenol
appears to be higher when a high-dose (5 mcg/min) in-
fusion is not used. This test is often (15%–35%) not re-
producible when repeated on the same day or later.

Indications for tilt testing include recurrent unex-
plained syncope when arrhythmias are either unlikely
(such as in patients without structural heart disease or
abnormal ECG) or have been excluded by appropriate
testing in patients with structural heart disease. Rarely,
tilt testing is suggested for the evaluation of a single
episode of unexplained syncope associated with trauma
or in certain high-risk occupations (e.g., pilots), but
these indications are controversial.

6. Unsuspected abnormalities by echocardiogram are
found in 5%–10% of patients but only rarely lead to the
determination of the cause of syncope. Examples in-
clude aortic stenosis or hypertrophic cardiomyopathy,
but these disorders are usually suspected from the his-
tory and physical examination. Echocardiography is in-
dicated whenever valvular diseases are suspected clini-
cally, and it is often needed for the evaluation of cardiac
function in patients suspected of having arrhythmic syn-
cope. The yield of stress testing for the diagnosis of syn-
cope is less than 1%, although the test is widely used for
this purpose.

Indications for Hospitalization

Table 44.2 shows common indications for admission for
syncope. Hospitalization is considered if there is a concern
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TABLE 44.2
INDICATIONS FOR HOSPITAL ADMISSION IN
PATIENTS WITH SYNCOPE

Indicated:

History of coronary-artery disease, heart failure, or ventricular
arrhythmia

Accompanying symptoms of chest pain
Physical signs of significant aortic stenosis, hypertrophic cardiomy-

opathy, heart failure, stroke, or focal neurologic disorder
Electrocardiogenic findings of ischemia, arrhythmia (serious brady-

cardia or tachycardia), prolonged QT interval, or bundle-branch
block

Often indicated:

Sudden loss of consciousness with injury, rapid heart beat, or
exertional syncope

Frequent spells, suspicion of coronary disease or arrhythmia (for
example, use of medications associated with torsade de pointes)

Moderate-to-severe orthostatic hypotension
Age over 70 years

Adapted from Linzer M, Yang E, Estes NA 3rd, Wang P, Vorperian VR,
Kapoor WN. Diagnosing syncope. Part 1: Value of history, physical
examination, and electrocardiography. Ann Intern Med
1997;126:989–996, with permission.
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for arrhythmic syncope and sudden cardiac death or if im-
mediate treatments need to be initiated. The predictors of
arrhythmic syncope or cardiac death (at one year) include
history of congestive heart failure, history of ventricular ar-
rhythmia, abnormal ECG (other than nonspecific ST
changes), and age over 45 years. The presence of two or
more of these factors is associated with 10% or greater in-
cidence of syncope or cardiac death. These predictors,
along with symptoms suggestive of cardiac syncope in pa-
tients with underlying structural heart disease, can be used
to guide admission decisions.

Indications for Initial ICU Admission

Telemetry or monitoring in a cardiac unit (see Tables 44.3
and 44.4) is indicated for patients with structural heart
disease or abnormal ECG when arrhythmias are clinically
suspected.

Initial Therapy

Initial therapy depends on the etiologies of syncope under
consideration. Many of the etiologies of syncope have spe-
cific known treatment approaches; a full discussion is
beyond the scope of this chapter. The following issues are
important in initial therapeutic approaches:

1. If a cause of syncope can be identified based on initial
evaluation (history, physical examination, and ECG),
treatment of those disorders can be initiated without the
need for further diagnostic evaluation for other causes
of syncope. Examples include orthostatic hypotension,
drug-induced syncope, and symptomatic supraventricu-
lar tachycardia.

2. When a disease has been identified as suggestive of
causes of syncope, further testing is done in a directed
fashion. If specific entities are confirmed, treatment is

initiated. An example would be a patient with syncope
and findings consistent with severe aortic stenosis.
Further assessment with echocardiogram, possible car-
diac catheterization, and consultation with cardiology
and cardiothoracic surgery are needed for management.

3. When syncope occurs in an elderly patient, it is impor-
tant to recognize that such patients often have multiple
comorbid illnesses and take medications that may result
in alterations of vascular tone or in volume depletion.
Additionally, elderly patients may have physiologic im-
pairments that predispose them to syncope (decreased
baroreceptor sensitivity, renal sodium wasting, de-
creased cerebral blood flow, and impaired thirst). The
initial approach is to search for a single cause of syn-
cope. If a specific cause cannot be identified, treatment
of multiple abnormalities should be initiated prior to
considering invasive or extensive diagnostic testing.
Medications should always be reviewed in detail, and
unnecessary ones should be discontinued.

4. For patients with neurally mediated syncope, initial
therapy should focus on avoiding situations that trigger
symptoms, increasing fluid and salt intake, avoiding al-
cohol, and reducing or discontinuing diuretics and va-
sodilators (10). These measures alone will effectively
treat many patients, especially those with a single or rare
episodes. Uncontrolled studies suggest that tilt training
(repeatedly subjecting the cardiovascular system to or-
thostatic stress as a means of fatiguing the symptomatic
response) may decrease recurrences of syncope. Drink-
ing 500 ml of water acutely can significantly reduce or-
thostatic hypotension (11). Patients can also be taught
to use isometric handgrip exercise to increase systemic
blood pressure and thereby abort impending neurally
mediated syncope (12).

The effectiveness of most drugs currently used in the
treatment of neurally mediated syncope is unclear.

428 Section IV: Cardiovascular Medicine

TABLE 44.3
INDICATIONS FOR INITIAL ICU ADMISSION

Acute cardiovascular conditions
Aortic dissection
Acute myocardial infarction or unstable angina
Pulmonary edema
Circulatory collapse (cardiogenic shock or other types of shock)
Long QT with ventricular arrhythmias
Massive pulmonary embolism
Acute noncardiac problems
Multiple seizures or status epilepticus
Drug overdoses
Gastrointestinal bleeding
Acute stroke or intracranial bleed

Adapted from Linzer M, Yang E, Estes NA 3rd, Wang P, Vorperian VR,
Kapoor WN. Diagnosing syncope. Part 1: Value of history, physical
examination, and electrocardiography. Ann Intern Med
1997;126:989–996, with permission.

TABLE 44.4
INDICATIONS FOR CONSULTATION

Recommended at the time of admission

Structural heart disease
History of ventricular arrhythmias
Diagnosis of bradyarrhythmias
Acute cardiovascular disease
Bundle-branch block and unexplained syncope
Suspected seizure or other neurologic events

Evaluation and management of findings during
hospitalization

Severe aortic stenosis
Aortic dissection
Treatment of arrhythmias found on monitoring
Tilt testing for recurrent syncope
Evidence of possible seizure or other neurologic events
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Despite a lack of controlled studies, fludrocortisone and
increased salt intake are widely utilized. One short-term
(one-month) randomized trial of �-blockers showed a
lower rate of recurrent syncope, but several controlled
trials have not confirmed their effectiveness (13). Mido-
drine has been effective in reducing recurrences in small
studies (14). A small randomized trial of paroxetine
showed a reduction of recurrent episodes at two years
(15). The effectiveness of permanent pacemakers in
highly symptomatic patients with positive tilt tests (con-
sisting of hypotension and bradycardia) has been as-
sessed in four randomized trials; of these, the three
unblinded studies showed decreased recurrences, but
the one blinded study did not (16–18).

ISSUES DURING THE COURSE
OF HOSPITALIZATION

The issues during the course of hospitalization fall into the
following categories:

1. Establishing a cause of syncope. Figure 44.1 shows an ap-
proach to the evaluation of a patient with syncope. The
sequence of testing is the major issue in the course of
hospitalization. In patients with structural heart disease
or when arrhythmias are considered likely based on
clinical presentation and risk stratification, cardiac test-
ing (e.g., stress testing and echocardiogram) should be
done prior to considering electrophysiologic studies. In
patients with moderately severe coronary disease, revas-
cularization or medical therapy should be considered
prior to electrophysiologic testing or tilt testing because
of the risk from possible provocation of hypotension
during these tests. Once arrhythmias are excluded,
further evaluation can generally be planned on an out-
patient basis. Most laboratories perform tilt testing im-
mediately after electrophysiologic testing; this approach
is recommended in patients with recurrent syncope. To
use resources efficiently, hospitalization should be lim-
ited to that required to confirm or exclude serious causes
of syncope and to treat disorders that need inpatient
care. The remainder of the workup can be done in the
outpatient setting. Coordination and communication
with the referring physician or patient’s primary care
physician is vitally important.

2. Treatment of disorders found in the hospital. Many of the
diseases and disorders found during the hospital course
have specific treatments. Once these diagnoses are
made, treatments can be initiated. Examples include se-
vere aortic stenosis (for which aortic valve replacement
is indicated) or a seizure disorder (for which anticon-
vulsants can be started).

3. Recurrent unexplained syncope. In patients followed over
the past two decades, no cause of syncope was found in
approximately 36% of patients (Table 44.1) (1). How-
ever, most observers believe that the wider use of tilt

testing, event monitoring, attention to psychiatric ill-
nesses, and recognition that syncope in the elderly may
be multifactorial has decreased the size of the “syncope
of unknown origin” (SUO) group to less than 10% in
the modern era. Currently, it is estimated that approxi-
mately 50% of the SUO group has neurally mediated
syncope that is not diagnosed clinically but can be pro-
voked by upright tilt testing. An additional 10%–20%
have psychiatric disorders (panic, anxiety, somatization,
major depression, alcohol and substance abuse). Other
etiologies are found in follow-up in less than 5% of the
SUO group (e.g. supraventricular tachycardia, seizure).
A small fraction is elderly patients in whom comorbid
illnesses and medications may interact to cause syncope.

In patients with recurrent syncope and without heart dis-
ease or an abnormal ECG, the diagnoses to focus on are
neurally mediated syncope, psychiatric disorders, and,
rarely, bradyarrhythmias (11). A consultation with cardiol-
ogy (particularly for tilt testing) and with psychiatry may be
needed to arrive at a cause. Prior to considering psychiatric
causes, screening psychiatric instruments (such as PRIME-
MD) or a focused psychiatric interview is recommended.
Loop event monitoring is recommended if symptoms are
recurrent and suggestive of cardiac syncope.

DISCHARGE ISSUES

Patients should be instructed in the following areas:

1. Preventing loss of consciousness. Examples of patient in-
structions are shown in Table 44.5.

2. Driving. The risk of syncope during driving depends on
frequency of syncope and length and duration of driv-
ing. Injury (to the patient or bystanders) during driving
is estimated to be quite unusual (up to 0.33% per driver
per year), but there are few data on this issue. Restric-
tions on driving vary from state to state and may change
over time. Physicians caring for syncope patients should
consult their state’s motor vehicle departments and fol-
low their state’s regulations.
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TABLE 44.5
PATIENT INSTRUCTIONS

Preventing syncope or vasovagal spells

Avoid alcohol, lack of sleep, hot environment
Maintain adequate hydration and food intake
Avoid drugs that lead to hypotension (e.g., vasodilators, diuretics)
Avoid activities that precipitate syncope (e.g., exercise for

exertional syncope)

Preventing loss of consciousness or injury

Assume supine position upon onset of prodrome
Avoid driving and other activities that could lead to injury
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3. Preventing injury from recurrent syncope. Patients should
be instructed to assume a supine or at least sitting posi-
tion at the first hint of prodromal symptoms. A patient
with recurrent spells should swim with a companion
who knows that patient has had recurrent syncope. Pa-
tients can play team and contact sports unless they have
had post-exercise syncope, in which case exercise should
be avoided until symptoms are controlled with therapy.
Climbing ladders, taking hot showers, standing by fires,
and using power tools pose risks and should be avoided
until the patient has been symptom-free for several
months. Alcohol should be avoided. Patients should
also not be employed as police officers, airline pilots,
drivers, or heavy machinery operators.

4. Follow-up. The recurrence rate of syncope is approximately
30% at three years. Unfortunately, the patient whose ini-
tial episode of syncope eluded diagnosis will only rarely
be diagnosed after a recurrence (19). Therefore, patients
with recurrent, undiagnosed syncope should be followed
closely to determine whether therapy was effective.

KEY POINTS

■ A cause of syncope is currently identified in more than
90% of patients.

■ Initial clinical assessment (history, physical examina-
tion, and ECG) leads to a diagnosis in approximately
50% of patients.

■ EEG and CT scan of the head provide diagnostic infor-
mation in 2%–4%; almost all these patients have a his-
tory of a seizure disorder or focal neurologic signs and
symptoms.

■ Arrhythmias are mainly of concern in patients with struc-
tural heart disease, a history of ventricular arrhythmias, or
an abnormal ECG (other than nonspecific ST changes).

■ In diagnosing arrhythmias as a cause, attempts should be
made to correlate arrhythmias with symptoms by using
Holter, external, or implantable loop recorder monitor-
ing. Implantable loop recorders are preferred when the
diagnosis is elusive and the need to establish a diagnosis
is high.

■ Sensitivity and specificity of electrophysiologic studies is
poor for the diagnosis of bradyarrhythmias.

■ Upright tilt testing provokes vasovagal syncope in the
laboratory and shows positive responses in 50%–66% of
patients with unexplained syncope. Tilt testing is recom-
mended in patients with recurrent unexplained syncope
because treatments are available (although not widely
tested by randomized controlled trials).

■ Treatment should be directed toward the cause of syn-
cope. Patients with rare or single episodes of neurally
mediated syncope can be treated without medications.
Neurally mediated syncope may respond to volume
loading (fludrocortisone plus salt), but �-blockers,
paroxetene (a selective serotonin reuptake inhibitor), or
permanent pacing may be required.
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Bradycardia and 

Pacemakers
Richard H. Hongo Nora F. Goldschlager

INTRODUCTION

This chapter outlines an approach to the two most com-
mon indications for hospitalization because of bradycardia
and for permanent pacemaker implantation: sinus node
dysfunction and acquired atrioventricular (AV) block. Con-
ditions occurring during hospitalization that may warrant
temporary cardiac pacing are also addressed. In addition,
the chapter contains a review of the basic features of per-
manent pacemakers and discusses potential problems en-
countered with pacing systems.

ISSUES AT THE TIME OF ADMISSION

Sinus Node Dysfunction

Sinus node dysfunction, a degenerative process involving
the sinus node and sinoatrial area, includes a variety of dis-
orders such as sinus bradycardia, sinus node exit block,
sinus pause, and sinus arrest. The AV node and intraventric-
ular conduction system are also involved in up to 25%–30%
of patients who have sinus node dysfunction (1).

Sinus bradycardia is generally defined as a sinus rate of
less than 50 beats per minute (bpm). This rate is not neces-
sarily pathologic but is a marker of sinus node dysfunction
in specific clinical contexts. In sinus node exit block, im-
pulses are formed within the sinus node but encounter vary-
ing degrees of blockage in the surrounding sinoatrial tissue
as they try to exit to the atrial conduction system. Sinus
pauses are caused by disorders of impulse formation within
the sinus node. Sinus arrest, which is total failure of sinus
impulse generation, cannot be distinguished from complete
sinoatrial exit block on the surface electrocardiogram.

Clinical Presentation

If an inadequate heart rate causes cerebral hypoperfusion,
clinical symptoms result, including presyncope, syncope,
confusion, memory loss, and, rarely, seizure activity. In-
ability of the heart rate to increase in response to increased
physiologic demand results in effort intolerance, fatigue,
weakness, and breathlessness. Sudden death from ventricu-
lar asystole or bradycardia-dependent polymorphic ven-
tricular tachycardia can also occur. Occasionally, patients
with AV block complain of no symptoms; many of these
patients, however, feel significantly better after pacemaker
implantation. Patients with a variant of sinus node
dysfunction, the tachycardia-bradycardia syndrome, can pre-
sent with palpitations. These patients have concomitant
supraventricular tachycardias (Chapter 42) that may in-
clude atrial tachycardia, atrial flutter, atrial fibrillation, or
AV nodal reentrant tachycardia. Symptoms are related to ei-
ther the rapid heart rate or the pauses in atrial rate, caused
in part by overdrive suppression of the sinus node. It is of-
ten necessary to treat the tachycardia with medications that
further slow the sinus rate (e.g., �-blockers or class I or III
antiarrhythmic agents) (Table 42.4). As a result, a perma-
nent pacemaker commonly is required for rate support.

Differential Diagnosis and Initial Management

Sinus node dysfunction can result from medications, vagally
mediated states, and, rarely, acute myocardial infarction.
Medication profiles should be examined, and potassium and
drug levels should be obtained. In patients who present with
the tachycardia-bradycardia syndrome, thyroid disease must
be considered, although it is a rare cause. Initial manage-
ment of patients with bradycardia should be directed at
identifying and treating reversible causes and at providing
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rate support. Oral theophylline has been used with some
success in the treatment of bradycardia caused by sinus node
dysfunction. Symptomatic patients without reversible causes
are candidates for permanent pacemaker implantation.

Indication for Hospitalization

Patients who require permanent pacemaker therapy ac-
cording to the American College of Cardiology/American
Heart Association Task Force guidelines should be hospital-
ized for pacemaker implantation (Table 45.1). All patients
should be admitted to a monitored setting to ensure prompt
diagnosis and treatment of any severe bradycardia.

Indications for Initial Coronary Care
Unit Admission

Patients should be admitted to the coronary care unit
(CCU) if the cause of the sinus node dysfunction itself ne-
cessitates a CCU admission (e.g., myocardial infarction) or
if temporary rate support by pacing is needed while await-
ing definitive therapy (Table 45.2).

Acquired Atrioventricular Block

In AV block, the delay in conduction can be at the level of
the AV node or can be infranodal (at or below the His bun-
dle). In first-degree AV block, the PR interval exceeds 200
ms. Second-degree AV block indicates that not all
supraventricular impulses are conducted. Second-degree
AV block can take the form of progressive delay in conduc-
tion followed by failure of conduction (Wenckebach, or
type I second-degree block) or abrupt failure of conduction
(type II second-degree block). In third-degree (complete)
AV block, no impulses are conducted. Accurate differentia-
tion between type I (Wenckebach) and type II second-
degree AV block is difficult if there is 2:1 conduction,
because a single PR interval prior to a nonconducted
P wave does not allow evaluation of successive PR intervals.
However, certain features may be helpful in distinguishing
the two. If the PR interval of the conducted P wave is pro-
longed and the QRS complexes are narrow and appear nor-
mal, type I second-degree AV block is probably present. If
the PR interval of the conducted P wave is normal and the
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TABLE 45.1
INDICATIONS FOR PERMANENT PACING IN
SINUS NODE DYSFUNCTION

Class I (conditions for which there is evidence and/or general
agreement that a given procedure or treatment is useful and
effective)

1. Sinus node dysfunction with documented symptomatic
bradycardia, including frequent sinus pauses that produce
symptoms; in some patients, bradycardia is iatrogenic and
occurs as a consequence of essential long-term drug therapy
of a type and dose for which there are no acceptable
alternatives

2. Symptomatic chronotropic incompetence

Class II (conditions for which there is conflicting evidence and/or di-
vergence of opinion about the usefulness/efficacy of a procedure
or treatment)

Class IIa (weight of evidence/opinion is in favor of usefulness/
efficacy)

1. Sinus node dysfunction, occurring spontaneously or as a
result of necessary drug therapy, with heart rate �40 bpm,
when a clear association between significant symptoms
consistent with bradycardia and the actual presence of
bradycardia has not been documented

2. Syncope of unexplained origin when major abnormalities of
sinus node function are discovered or provoked in elec-
trophysiological studies

Class IIb (usefulness/efficacy is less well established by evidence/
opinion)
1. In minimally symptomatic patients, chronic heart rate �40

bpm while awake

Class III (conditions for which there is evidence and/or general
agreement that a procedure/treatment is not useful/effective and
in some cases may be harmful)

1. Sinus node dysfunction in asymptomatic patients, including
those in whom substantial sinus bradycardia (heart rate �40
bpm) is a consequence of long-term drug treatment

2. Sinus node dysfunction in patients with symptoms sug-
gestive of bradycardia and clearly documented as not
associated with a slow heart rate

3. Sinus node dysfunction with symptomatic bradycardia due
to nonessential drug therapy

Adapted from Gregoratos G, Abrams J, Epstein AE, et al. ACC/AHA/
NASPE 2002 guideline update for implantation of cardiac pacemakers
and antiarrhythmia devices—summary article. J Am Coll Cardiol
2002;40:1703–1719. Copyright 2002 by the American College of
Cardiology and American Heart Association, Inc., with permission.

TABLE 45.2
COMMON INDICATIONS FOR TEMPORARY
CARDIAC PACING

1. Therapeutically, for symptomatic bradycardia
a. Persistent bradycardia, until permanent pacemaker implan-

tation can be accomplished
b. Transient bradycardia (e.g., acute myocardial infarction or

Lyme myocarditis)
2. Therapeutically, to maintain or restore AV synchrony

a. In acute myocardial infarction (especially inferior-wall and
right-ventricular)

b. In congestive heart failure
c. In ventricular hypertrophy states (e.g., hypertrophic obstruc-

tive cardiomyopathy)
3. Prophylactically, for potential bradycardia that may produce

symptoms or hemodynamic embarrassment in acute myocardial
infarction
a. New bundle-branch block
b. New bi- or trifascicular block with 1st-degree AV block
c. Type I 2nd-degree AV block with wide QRS complexes at slow

rate
d. Type II 2nd-degree AV block or higher degrees of AV block

4. Prophylactically, to prevent pause-dependent ventricular
tachyarrhythmias

AV, atrioventricular.
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QRS complexes have a bundle-branch block pattern, type II
second-degree AV block is probably present. The two can be
more definitively differentiated either by recording a long
rhythm strip that might document changing AV conduc-
tion ratios or by using various maneuvers. Intravenous at-
ropine and exercise improve AV conduction at the AV
nodal level but often worsen AV block at the infranodal
level. Conversely, carotid sinus massage can worsen AV
block at the AV nodal level and improve AV conduction at
the infranodal level because a slower sinus rate permits
conduction to occur. High-grade AV block is defined by the
presence of more nonconducted P waves than conducted
ones (e.g., 3:1 AV conduction). High-grade AV block
should be considered a precursor to complete AV block
and, as such, should be managed aggressively.

Clinical Presentation

Symptoms depend on the severity and site of AV block. In
the absence of an adequate escape rate, symptoms of AV
block are similar to those of sinus-node dysfunction, and
the two conditions often coexist. If there is complete AV
block or prolongation of the PR interval to more than 300
ms, asynchronous atrial and ventricular depolarization-
contraction sequences can result in elevated atrial pres-
sures, pulmonary congestion, and, at times, peripheral
edema and refractory hypotension.

Differential Diagnosis and Initial Management

The most common causes of AV block are idiopathic scle-
rodegeneration of the conduction system, acute myocardial
infarction, medications, and vagal stimulation. Rarer causes
of block include inflammation (e.g., myocarditis), infection
(e.g., infective endocarditis, especially involving the aortic
valve ring), infiltrative disease (e.g., amyloidosis), and
trauma (e.g., following aortic valve surgery).

AV block associated with anterior-wall myocardial in-
farction often indicates extensive myocardial necrosis and
disruption of the infranodal conduction system. This com-
bination results in a wide QRS complex escape rhythm with
a slow rate and in variable constancy that is unresponsive
to autonomic nervous system input. AV block associated
with inferior-wall myocardial infarction generally indicates
AV nodal ischemia that is often transient, and, in part, va-
gally mediated; a narrow, relatively normal-appearing QRS

complex escape rhythm arises from the AV junction and
is variably responsive to autonomic input. Medications
that precipitate AV block include �-blockers (oral and oph-
thalmic), some calcium channel blockers (e.g., verapamil,
diltiazem), digoxin, and some antiarrhythmic drugs.
Serum digoxin levels should be obtained, although a nor-
mal level does not exclude digoxin toxicity. Vagally medi-
ated AV block is suggested by the transient nature of the
episode, concomitant slowing of the sinus rate, inconstant
PR intervals, and reversal with atropine or enhanced sym-
pathetic tone (Figure 45.1). Vagally mediated AV block is
common in hospitalized patients (e.g., during suctioning,
vomiting, coughing, and endoscopic procedures) and gen-
erally does not require specific treatment. Hyperkalemia
can exacerbate AV nodal block.

Pharmacologic rate support is often achievable with at-
ropine; however, infranodal block may worsen or be unre-
sponsive to vagolytic agents. Intravenous infusion of
isoproterenol generally is not recommended because of the
risk of precipitating myocardial ischemia and producing or
aggravating ventricular arrhythmias.

Indication for Hospitalization

Reversible causes of AV block should always be excluded.
Patients with a Class I indication for permanent pacemaker
therapy according to the American College of Cardiol-
ogy/American Heart Association Task Force guidelines (see
Tables 45.3 and 45.4) should be admitted to the hospital
for pacemaker implantation (2). This heterogeneous group
includes all patients with symptomatic AV block, regardless
of severity. The management of asymptomatic patients is
less straightforward, and identifying high-risk patients who
would not tolerate bradycardia because of an inadequate
escape mechanism is important. These asymptomatic high-
risk patients include those with the following: third-degree
AV block and asystole lasting longer than 3 seconds or an
escape rate less than 40 bpm; third-degree AV block that
precipitates bradycardia-dependent ventricular arrhyth-
mias; third-degree AV block caused by drugs that are
needed for coexisting medical conditions; and bifascicular
block associated with type II second-degree or higher de-
grees of AV block (2). Patients with Class II indications for
pacing therapy (see Table 45.1) are less well defined; a de-
cision not to implant a pacemaker requires close outpatient
follow-up.
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Figure 45.1 Vagally mediated atrioventricular block. The MCL1 rhythm strip illustrates slowing of
the sinus rate prior to the nonconducted P wave; the PR intervals also vary. These findings are com-
monly seen in states of high vagal input and during sleep, when sympathetic tone is low. Vagally me-
diated rhythms are almost always benign and do not require treatment.
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Indications for Initial Coronary Care
Unit Admission

Patients should be admitted to the CCU if the cause of the
AV block necessitates admission (e.g., acute myocardial in-
farction) or if temporary pacemaker support is needed
while awaiting definitive therapy. Temporary pacing may
be needed for both transient and persistent AV block. Pa-
tients not requiring a CCU admission should be observed

in a telemetry setting. Atropine should be readily available.
Transcutaneous pacing allows rate support in emergent
situations.

Pacemakers

The basic pacing system includes the pulse generator,
lead(s), and electrodes. The permanently implanted pulse
generator is a hermetically sealed titanium “can” contain-
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TABLE 45.3
INDICATIONS FOR PERMANENT PACING IN ACQUIRED
ATRIOVENTRICULAR BLOCK

Class I

1. 3rd-degree and advanced 2nd-degree AV block at any anatomic level, associated with any one of
the following conditions:
a. Bradycardia with symptoms (including heart failure) presumed to be due to AV block
b. Arrhythmias and other medical conditions that require drugs that result in symptomatic

bradycardia
c. Documented periods of asystole �3.0 s or any escape rate �40 bpm in awake, symptom-free

patients
d. After catheter ablation of the AV junction
e. Postoperative AV block that is not expected to resolve after cardiac surgery
f. Neuromuscular diseases with AV block (e.g., myotonic muscular dystrophy, Kearns-Sayre

syndrome, Erb’s limb-girdle dystrophy, and peroneal muscular atrophy) with or without
symptoms, because there may be unpredictable progression of AV conduction disease

2. 2nd-degree AV block with associated symptomatic bradycardia, regardless of the type or site of
block

Class IIa

1. Asymptomatic 3rd-degree AV block at any anatomic site with average awake ventricular rates of
�40 bpm, especially if cardiomegaly or left ventricular dysfunction is present

2. Asymptomatic type II 2nd-degree AV block with narrow QRS; when type II 2nd-degree AV block
occurs with a wide QRS, pacing becomes a Class I recommendation

3. Asymptomatic type I 2nd-degree AV block at intra- or infra-His levels found at electrophysiologic
study performed for other indications

4. 1st- or 2nd-degree AV block with symptoms similar to those of pacemaker syndromea

Class IIb

1. Marked 1st-degree AV block (�0.30 s) in patients with left ventricular dysfunction and symptoms
of congestive heart failure in whom a shorter AV interval results in hemodynamic improvement

2. Neuromuscular disease (e.g., myotonic muscular dystrophy, Kearns-Sayre syndrome, Erb’s limb-
girdle dystrophy, and peroneal muscular atrophy) with any degree of AV block (including 1st-
degree AV block) with or without symptoms, because there may be unpredictable progression of
AV conduction disease

Class III

1. Asymptomatic 1st-degree AV block
2. Asymptomatic type I 2nd-degree AV block at the supra-His (AV node) level or not known to be

intra- or infra-Hisian
3. AV block expected to resolve and/or unlikely to recur (e.g., drug toxicity, Lyme disease, or during

hypoxia in sleep apnea syndrome in absence of symptoms)

See Table 45.1 for definitions of classes.
a A symptom complex of fatigue, weakness, dizziness, hypotension, effort intolerance, and pulmonary and
central venous hypertension caused by inappropriate relationships between atrial and ventricular
depolarization-contraction sequences.
AV, atrioventricular.
Adapted from Gregoratos G, Abrams J, Epstein AE, et al. ACC/AHA/NASPE 2002 guideline update for
implantation of cardiac pacemakers and antiarrhythmia devices—summary article. J Am Coll Cardiol
2002;40:1703–1719. Copyright 2002 by the American College of Cardiology and American Heart
Association, Inc., with permission.
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ing a lithium power source and circuitry for sensing cardiac
electrical activity. The pacing lead contains a metal wire (or
wires) insulated by either polyurethane or silastic rubber.
The lead can be either bipolar or unipolar. Bipolar leads
contain two electrodes: a proximal (ring) electrode and a
distal (tip) electrode. The interelectrode distance is small,
usually 1–3 cm. Unipolar leads contain only a tip electrode
(cathode); the pulse generator serves as the anode. The in-
terelectrode distance is, therefore, much greater in a unipo-
lar system than in a bipolar one, which results in both
larger stimulus artifacts on the surface electrocardiogram
and a larger “antenna” that senses electrical activity.

A “demand” pacing system provides a stimulus output
when no electrical activity is sensed. Conversely, it inhibits
its output when electrical activity is sensed. The magnitude
of the stimulus output can be described in terms of voltage
or current (usually the former), and the duration of the
stimulus output is the pulse width. The capture threshold is
the minimum stimulus output required to initiate a depo-
larization. The sensing threshold is the smallest intracardiac
signal that can be detected by the sensing amplifier. Appro-

priate sensing is important in preventing unwanted inhibi-
tion of output or competitive output from the pacemaker.

The North American Society of Pacing and Electrophys-
iology—Heart Rhythm Society has adopted a five-letter
code to describe the function of pacing systems. The first
letter describes the chamber or chambers in which pacing
occurs (V, ventricle; A, atrium; D, dual [atrium and ventri-
cle]). The second letter describes the chamber or chambers
in which sensing occurs (and has the same codes as for pac-
ing). The third letter describes the response to a sensed
event (T, triggered output in response to a sensed event; I,
inhibited output in response to a sensed event; D, dual
[triggered and inhibited, e.g., an atrial sensed event inhibits
atrial output and triggers a ventricular output after a preset
AV interval]). In today’s pulse generators, the fourth letter,
R, indicates rate modulation. The fifth letter describes anti-
tachycardia functions (Table 45.5). More recent codes in-
corporate designations for multisite pacing and special lead
features such as steroid elution.

The mode of function that is programmed depends
upon the underlying atrial rhythm, the status of AV con-
duction, the need for AV synchrony (appropriate relation-
ships between atrial and ventricular depolarization-
contraction sequences), and the presence or absence of
chronotropic competence (ability of the sinus rate to in-
crease in response to increases in metabolic need). Although
intact AV conduction theoretically can reduce or eliminate
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TABLE 45.4
INDICATIONS FOR PERMANENT PACING AFTER
THE ACUTE PHASE OF A MYOCARDIAL
INFARCTION

Class I

1. Persistent 2nd-degree AV block in the His-Purkinje system with
bilateral bundle-branch block or 3rd-degree AV block within or
below the His-Purkinje system

2. Transient advanced (2nd- or 3rd-degree) infranodal AV block and
associated bundle-branch block; if the block site is uncertain, an
electrophysiologic study may be necessary

3. Persistent and symptomatic 2nd- or 3rd-degree AV block

Class IIa

None

Class IIb

1. Persistent 2nd- or 3rd-degree AV block at the AV node level

Class III

1. Transient AV block in the absence of intraventricular conduction
defects

2. Transient AV block in the presence of isolated left anterior
fascicular block

3. Acquired left anterior fascicular block in the absence of AV block
4. Persistent 1st-degree AV block in the presence of bundle-branch

block that is old or age-indeterminate

See Table 45.1 for definitions of classes.
AV, atrioventricular.
Adapted from Gregoratos G, Abrams J, Epstein AE, et al. ACC/AHA/
NASPE 2002 guideline update for implantation of cardiac pacemakers
and antiarrhythmia devices—summary article. J Am Coll Cardiol
2002;40:1703–1719. Copyright 2002 by the American College of
Cardiology and American Heart Association, Inc., with permission. TABLE 45.5

COMMONLY USED PACING MODES
AND FUNCTIONS

Asynchronous pacing (sensing function eliminated) is the usual mode
of function in response to magnet application to the pulse generator.

Mode

AAI

AAIR

VVI

VVIR

DDD

DDDR

Definition

Atrial pacing on demand; output inhibited by sensed
atrial signals

Atrial pacing on demand; output inhibited by sensed
atrial signals; atrial pacing rates can increase and
decrease in response to sensor input, up to the
programmed sensor-based upper rate limit

Ventricular pacing on demand; output inhibited by
sensed ventricular signals

Ventricular pacing on demand; output inhibited by
sensed ventricular signals; ventricular pacing rates
can increase and decrease in response to sensor
input, up to the programmed sensor-based upper
rate limit

Paces and senses in both the atrium and the ventricle;
paces the ventricle in response to sensed atrial
activity, up to the programmed upper rate limit

Paces and senses in both the atrium and the ventricle;
atrial and ventricular pacing rates increase and
decrease in response to sensor input, up to the
programmed sensor-based upper rate limit
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the need for a ventricular lead, up to 30% of patients with
sinus node dysfunction also have AV block or bundle-
branch block. AV dyssynchrony that results in loss of atrial
contribution to ventricular filling is tolerated poorly in pa-
tients with noncompliant ventricles, including patients
with acute ischemia and infarction. Chronotropic incom-

petence can result in exercise intolerance; sensors for rate
adaptation lead to increases and decreases in pacing rate in
response to parameters such as body motion, minute venti-
lation, and QT interval. Programmed modes of function
and rates may not be appropriate in specific patients or cir-
cumstances, and changes in programmed parameters often
become necessary in hospitalized patients to adapt to spe-
cific clinical situations.

Pacemaker Emergencies

Pacemaker emergencies (Table 45.6) include complica-
tions of the implant procedure itself, “failure” to sense (un-
dersensing) (Table 45.7 and Figure 45.2), failure to output,
failure to capture (Table 45.8 and Figure 45.3), and inap-
propriate or unwanted changes in pacemaker rate. Under-
sensing is manifested on the surface electrocardiogram by
delivered pacing stimuli when inhibition of output is ex-
pected. Absence of output, which results in pauses in paced
rhythm, can be caused by normal inhibition, oversensing
(unwanted sensing of noncardiac electrical signals) (Figure
45.4), or end of life of the pulse generator. Unanticipated
end of generator life, which is rare today because most pa-
tients are followed in specialized pacemaker clinics, is a
medical emergency. Failure to capture is manifested by
pacemaker stimuli that do not initiate a depolarization,
provided that there is temporal opportunity to do so;
“functional” noncapture exists if the pacemaker stimulus
falls in the atrial or ventricular refractory period and thus
cannot initiate depolarization. For a patient with potential
pacemaker dysfunction or a pacemaker emergency, urgent
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TABLE 45.6
PACEMAKER EMERGENCIES

Postimplantation complications
Immediate

Pneumothorax, hemothorax
Cardiac tamponade
Myocardial perforation

Late
Subclavian vein thrombosis
Superior vena cava syndrome
Lead thrombus
Pulmonary emboli
Infection of pacing system
Pericarditis

Undersensing (“failure” to sense)
Failure to output (no pacing stimulus delivered)
Failure to capture (pacing stimulus delivered, but no myocardial

depolarization)
Inappropriate changes in pacemaker rate

Inappropriately slow rate (most often because of oversensing; can
indicate end of life of pulse generator)

Inappropriately fast rate (most often because of normal tracking of
atrial arrhythmias or inappropriately programmed rate-adaptive
settings)

TABLE 45.7
DIFFERENTIAL DIAGNOSIS OF UNDERSENSING (“FAILURE” TO SENSE)

Normal pacing system function Comment/management

Inappropriately low programmed sensitivity
Poor intracardiac signal

“Functional” undersensing

Abnormal pacing system function

End of battery life
Open circuit

Poor connection between lead and pulse
generator

Lead fracture

Insulation failure

Reprogram sensitivity
Most common cause of undersensing; reprogram

sensitivity
Sensing amplifier is transiently refractory to in-

coming electrical signals as part of its normal
operation; causes confusion in electrocardiogram
interpretation; program new parameters of
function where appropriate

Requires generator replacement

Requires revision

Chest radiograph may reveal subclavian crush;
interrogation documents high lead impedance;
revision required

Chest radiograph can help detect; interrogation
documents low lead impedance; revision
required
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Figure 45.2 Atrial undersensing (“failure” to sense) in a DDD pacing system. Spontaneous P
waves do not inhibit the atrial output from the pulse generator, resulting in atrial stimulus outputs at
the programmed base rate. This rhythm strip also illustrates “functional noncapture” of atrial stimu-
lus outputs due to myocardial tissue refractoriness rather than to a true noncapture problem.

Figure 45.4 Pause in paced rhythm resulting from myopotential oversensing. The ventricular lead
senses the myopotentials (which can reach amplitudes of 3–5 mV), with resulting inhibition of output.
The asystolic period is terminated by a narrow QRS complex escape beat. The problem is best man-
aged by lowering the sensitivity (increasing the signal amplitude that the pacemaker will sense); take
care to avoid undersensing (“failure” to sense) spontaneous QRS complexes. Reprogramming the lead
from a unipolar to bipolar mode of function may also solve this problem. In this example, myopoten-
tials are readily visible in the rhythm strip; in most instances, however, the oversensed signal is not ap-
preciable from the surface electrocardiogram and must be inferred. The presence of oversensing can
be confirmed by visualizing the signal from the intracardiac lead using the pacemaker analyzer.

Figure 45.3 Intermittent failure to capture with a ventricular pacing system in a patient with hy-
perkalemia resulting from renal failure. The first, second, and fourth QRS complexes are paced. Most
pacing stimuli do not stimulate myocardial tissue despite the temporal opportunity to do so. This
problem should be managed by correcting the electrolyte abnormality. On occasion, programming
a higher pacemaker output can be a successful temporary measure to restore pacing function.

cardiologic consultation is mandatory. Physicians unfamil-
iar with the intricacies of pacemakers should not attempt to
reprogram the pacemaker.

Temporary Cardiac Pacing

Temporary (Table 45.2) pacing provides effective rate sup-
port for transient bradycardias and can serve as a bridge to
permanent pacing. Temporary pacing can be accomplished
using transcutaneous, transesophageal, and transvenous
routes. Transcutaneous pacing involves application of two
large surface patch electrodes (70 to 120 cm2) on the torso
(negative cathodal electrode positioned anteriorly; positive
anodal electrode positioned posteriorly). Programmable pa-
rameters of the transcutaneous pacemaker include rate, out-
put, and sensitivity. Stimulus output ranges from 0 to 200
mA. The capture threshold usually ranges between 35 and

80 mA; the stimulus output should be set at 5 to 10 mA
above the capture threshold. Successful temporary pacing
can be achieved in up to 70% of patients. Complications of
transcutaneous pacing include uncomfortable, often
painful, cutaneous nerve stimulation at stimulus outputs
greater than 30 mA. Ease of application has made transcuta-
neous pacing a valuable tool in the emergent treatment of
bradycardias as a bridge to permanent therapy. However,
transcutaneous pacing is much less reliable than transve-
nous pacing, and, in patients who are pacemaker-dependent
(spontaneous QRS rate of less than 30 bpm or symptoms at
slow rates), transcutaneous pacing should serve only as a
temporary measure until a transvenous lead is inserted.

Transesophageal pacing, which is a relatively simple form
of pacing, involves swallowing an electrode. The proximity
of the esophagus to the left atrium allows access to atrial
pacing. The ideal atrial pacing site is indicated by the atrial
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electrogram that has the largest magnitude (about 35–40
cm from the teeth). Ventricular pacing can be performed
through the esophagus but with less reliability than atrial
pacing because of the greater distance between the esopha-
gus and the ventricles. Thus, esophageal pacing should not
be used in patients with AV block. Complications are min-
imal and include epigastric discomfort and phrenic-nerve
stimulation with high stimulation outputs.

Transvenous pacing is the most reliable method of tem-
porary pacing. The left subclavian vein should be avoided,
if possible, so that it can be used for a permanent pacing
lead if required. The temporary pacing lead is positioned
under fluoroscopic guidance in the right-atrial appendage
for atrial pacing and right-ventricular apex for ventricular
pacing. Stimulus outputs range between 0.1 mA and 20 mA
and should be set two to three times above the capture
threshold. The ideal atrial and ventricular capture thresh-
olds are no more than 1.0 mA. Sensitivity is usually set at
25%–50% of the sensing threshold.

Indication for Early Consultation

Cardiology consultation is recommended if the patient has
a life-threatening cardiac disorder associated with brady-
cardia, if the patient is pacemaker-dependent and is admit-
ted to the CCU for rate support, or if the patient has (or is
suspected of having) a malfunctioning pacemaker. Implan-
tation and follow-up of permanent pacing systems are
usually performed by a cardiologist with expertise in the
field. Interrogation of the pulse generator is the only

method by which programmed values, battery status, and
lead impedances can be determined. Optimal program-
ming, sensing, and capture threshold evaluations require
familiarity with pacemaker technology and appropriate
equipment. These determinations are best performed by an
experienced cardiologist, whether the pacing system is a
temporary or a permanent one.

ISSUES DURING THE COURSE
OF HOSPITALIZATION

The major issues accompanying hospitalization of the pa-
tient with bradycardia include identifying and treating the
cause of bradycardia, deciding whether or not permanent
pacemaker implantation is necessary, arranging for im-
plantation of a permanent pacemaker if appropriate, and
subsequent postimplant evaluation. The initial goals are to
stabilize the patient and evaluate the cause and severity of
the bradycardia. After the exclusion of or failure to rectify
potentially reversible causes of bradycardia, a permanent
pacemaker should be implanted on day 2 unless there is ac-
tive infection. Rhythm monitoring in a telemetry facility is
recommended until hospital discharge, usually on the day
after implant.

Following pacing-system implantation and prior to dis-
charge, a 12-lead electrocardiogram should be obtained to
document the patient’s spontaneous rhythm and rate, if
possible, and the morphology and axis of paced P waves
and QRS complexes. Normal sensing and pacing function
must be established prior to discharge. After permanent or
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TABLE 45.8
DIFFERENTIAL DIAGNOSIS OF FAILURE TO CAPTURE

Cause Chest radiograph Capture threshold Lead impedance Comment/management

Inappropriately low Normal or Normal Normal Interrogation confirms the 
programmed output unchanged programmed output; 

determine  capture thresholds 
and reprogram output

High pacing thresholds Normal or High Normal Hyperkalemia, flecainide,
unchanged acidosis are usual causes

Battery failure Normal or High Normal Interrogation confirms end
unchanged of life

Open circuit
Lead fracture Often abnormal High High Lead fracture may not be visible

on chest radiograph
Lead dislodgment May be abnormal High High May be able to program increased

output; pacing system
revision may be required

Insulation failure Often abnormal High Low Insulation break may not be
visible on chest radiograph

“Functional” noncapture Normal Normal Normal Stimulus falls in refractory 
period of myocardial tissue;
assess electrocardiogram;
identify cause; reprogram if
warranted
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temporary pacemaker placement, a chest radiograph
should be obtained to exclude pneumothorax and to assess
lead position as well as connector block (lead connections
to pulse generator) integrity.

Pacemakers can have unexpected and unwanted de-
creases or increases in rate. A decrease in pacemaker rate
can be caused by sensor-driven rate reduction, by magnet
application with a device-specific rate reduction, by phan-
tom programming (with the pacemaker unknowingly re-
programmed by either someone else or electromagnetic
noise), or by end of battery life. Increases in paced rates can
result from sensor-driven rate increases, tracking of atrial
tachyarrhythmias, and pacemaker-mediated tachycardias
in which the pacemaker lead itself participates in a reentry
pathway; pacemaker-mediated tachycardias rarely occur
with newer pacemaker systems.

Rate-adaptive pacing is designed to increase and decrease
the heart rate to meet the physiologic demands of the
patient. Depending on the sensor and the programmed pa-
rameters, however, increases in paced rate can be inappro-
priate for a given clinical circumstance (e.g., body motion
sensor input in a shivering patient or minute ventilation
sensor in a hyperventilating patient).

Pacemaker Malfunction

Medical sources of electromagnetic interference can have
adverse effects on pacemakers. Direct-current cardioversion
and defibrillation deliver a large current of energy and can
adversely affect pacemaker function. These effects can be
minimized by maintaining a cardioversion/defibrillation
vector perpendicular to the vector of the pacing system and
by keeping the cardioversion/defibrillation electrodes
more than 5 cm from the pacing system.

Magnetic resonance imaging should not be performed in pa-
tients with pacemakers because of potential complications,
including reports of postimaging death (3). Surgeons must
be careful to use electrocautery according to established
recommendations (4) to avoid pacemaker oversensing and
output inhibition.

Patients with pacemakers who require therapeutic radi-
ation should avoid high-energy neutron radiation. Direct
exposure of the pulse generator to the radiation beam
should be prevented by shielding. Complete pacing system
replacement should be anticipated if the pulse generator is
within the radiation field. Lithotripsy can damage the pace-
maker. Transcutaneous electrical nerve stimulation therapy
can result in oversensing and output inhibition (particu-
larly in unipolar pacemakers), as well as in atrial oversens-
ing and triggered rapid ventricular pacing.

DISCHARGE ISSUES

In the absence of medical conditions necessitating contin-
ued hospitalization, the patient can be discharged as early

as on the day of implant. The patient should be instructed
not to perform vigorous upper-extremity activities for at
least a week to prevent lead dislodgment. Fever or any
abnormality over the pocket site (pain, warmth, swelling,
redness, discharge, or bleeding) should be reported imme-
diately, as should palpitations, syncope, presyncope, and
shortness of breath. These symptoms should prompt
immediate outpatient evaluation.

Pacemakers can interact with nonmedical sources of
electromagnetic interference. The most common sources
are cellular phones, which can result in oversensing, output
inhibition, and noise-reversion pacing (temporary asyn-
chronous pacing in response to electrical signals sensed as
“noise”), particularly if the phone is used ipsilaterally in
proximity (�10 cm) to the pulse generator and if the
phone is digital (5). Cellular phone users with pacemakers
should use the ear contralateral to the pulse generator and
should avoid placing the telephone directly over the pace-
maker. Airport-security metal detectors and antitheft
surveillance systems generally do not cause a problem if pa-
tients do not linger in the vicinity of the detectors (6). Spo-
radic cases of transient output inhibition or noise-reversion
pacing have been reported with the use of some household
appliances (microwaves, electric shavers, electrical blan-
kets, and ham radios) and also with acupuncture. Scuba
diving can cause deformation of the titanium pulse gener-
ator at depths greater than 132 feet.

At discharge, the patient should be given a card identi-
fying the manufacturer of the pulse generator and lead(s),
including model and serial numbers. Copies of the inter-
rogated data should be given to the patient and placed in
the patient’s medical record. The patient should have a
follow-up pacemaker check within one week and again at
one month and then be enrolled in a telephone pace-
maker-surveillance program. Careful medical follow-up is
also important because more than 50% of patients will
die of noncardiac causes (7).

Postimplantation pocket infections occur in 1% to 6% of
patients. Clinical manifestations include warmth, ery-
thema, and discharge from the pocket site, as well as fever.
Although some studies report successful outcomes using in-
travenous antibiotics alone, the preferred therapy is removal
of the entire pacemaker system accompanied by use of an-
tibiotics (8). Blood cultures should be obtained prior to ad-
ministration of antibiotics. Initial antibiotic therapy should
be intravenous and cover the two most common offending
organisms, Staphylococcus aureus and Staphylococcus epider-
midis. The latter is more often associated with late infections
(occurring later than one month after implantation).

COST CONSIDERATIONS AND
RESOURCE USE

The most effective strategy for the efficient use of resources
is early identification and implantation of a permanent

Chapter 45: Bradycardia and Pacemakers 439

26410 ch 045  3/11/05  3:50 PM  Page 439



pacing system in patients who require lifelong rate support.
Early implantation avoids the use and associated cost of
temporary pacing and, in the absence of medical condi-
tions necessitating continued hospitalization, reduces
length of hospital stay. Data from randomized trials sug-
gest that dual-chamber pacing (atrial-based pacing) does
not significantly reduce stroke or death compared with sin-
gle-chamber ventricular pacing in patients with sinus node
dysfunction (9,10). However, dual-chamber pacing does
appear to reduce the frequency of atrial fibrillation and the
development of chronic atrial fibrillation. Its use also re-
sults in fewer hospitalizations for heart failure and im-
proved quality of life (9, 11–13). As a result, it is cost effec-
tive compared with single chamber ventricular pacing (14).

Evidence suggests that ventricular dyssynchrony caused
by right ventricular apical pacing can be detrimental in pa-
tients with depressed left ventricular function (ejection
fraction of 40% or less), evidenced by the development of
heart failure and a higher mortality rate (15). Although
biventricular pacing has been found to be effective in im-
proving heart failure symptoms and signs in patients with
ventricular dyssynchrony (Chapter 39), the benefit of
biventricular pacing in patients with bradycardia who do
not have heart failure (for the sole purpose of correcting
right ventricular pacing-induced dyssynchrony) has yet to
be established.

KEY POINTS

■ All patients with symptomatic bradycardia should be
treated with permanent cardiac pacing unless the cause
of bradycardia is clearly reversible.

■ Permanent cardiac pacing is indicated in patients with
bradycardia caused by necessary drug therapy.

■ Vagally mediated bradycardia is common in hospital-
ized patients and usually does not require temporary or
permanent cardiac pacing.

■ Transcutaneous pacing should not be used in patients
for prolonged periods because it is both uncomfortable
and unreliable.

■ In patients with chronotropic incompetence, always at-
tempt to implant a permanent pacing system that allows
the heart rate to adapt to changing metabolic needs.

■ Data from randomized controlled trials show that in pa-
tients with sinus node dysfunction, dual-chamber pacing
does not significantly reduce stroke or death compared
with ventricular pacing; however, dual-chamber pacing
does appear to reduce the frequency of atrial fibril-
lation and the progression to chronic atrial fibrillation,
prevent hospitalizations for heart failure, and improve
quality of life.

■ Magnetic resonance imaging is contraindicated in pa-
tients with pacemakers; special precautions may be
required during electrocautery, ionizing radiation,

lithotripsy, transcutaneous nerve stimulation, and
cellular-phone use.

■ When patients present with pacemaker pocket infec-
tions, explantation of the entire pacing system is recom-
mended.
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Pericardial Disease
Fady Malik Elyse Foster

INTRODUCTION

Although pericardial disease is a rare cause of hospital ad-
mission, it can be life threatening, and it may be the first
manifestation of other systemic illnesses. After diagnostic
testing, pericardial disease usually still is considered idio-
pathic, and the disease is often self-limited without spe-
cific therapy. Thus, the challenges for the clinician are to
decide when to hospitalize, when to proceed with further
testing, and when to prescribe empiric treatment. In the
case of a pericardial effusion, the physician also must de-
cide when to perform pericardiocentesis, either diagnostic
or therapeutic.

PERICARDIAL ANATOMY
AND PHYSIOLOGY

Hippocrates (c. 460–370 BC) described a normal peri-
cardium as “a smooth mantle surrounding the heart and
containing a small amount of fluid resembling urine” (1).
In truth, the pericardium comprises two distinct layers in
continuity with each other. The visceral pericardium is a
single cellular layer that covers the surface of the heart. At
the origins of the great vessels, this layer reflects back on it-
self and acquires an outer fibrous layer to form a sac around
the heart. The pericardial sac is tethered in place by liga-
mentous attachments to the sternum, spine, and di-
aphragm. Normally, the potential space enclosed by the in-
ner and outer layers of the pericardium is filled with about
50 ml of clear fluid. The function of the pericardium is un-
clear, and its congenital absence may have little conse-
quence (1). The intact pericardium does serve as a barrier to
the spread of infection from the pleural space. Because the
parietal layer is stiff, the pericardium may provide support
to the more compliant walls of the right atrium and right
ventricle, limiting their distention under pressure loads.
The hemodynamic consequences of pericardial disease can
arise from changes in the elastic properties of the pericar-

dial layers or from inflammation and fluid accumulation
within the pericardial sac.

CLINICAL SYNDROMES

Acute pericarditis (2) is an inflammation of the peri-
cardium from any of a variety of causes (Table 46.1). The
syndrome may be self-limited, or it may be associated
with an enlarging pericardial effusion that can lead to
pericardial tamponade or that requires drainage because
of suspected purulent bacterial pericarditis. In some pa-
tients, chronic or recurrent pericarditis leads to constrictive
pericarditis. It is critical to differentiate among these vari-
ous syndromes to guide decisions regarding need for ad-
mission as well as subsequent diagnostic and therapeutic
interventions.

The physical examination remains the single most im-
portant test in evaluating the type and severity of pericardial
disease. Careful evaluation of the jugular venous pulse and
pressure is essential. In uncomplicated pericarditis and in
the absence of other complicating heart disease, the jugular
venous pressure (JVP) is normal. Pericardial effusion leads
to an increase in JVP, with a blunting of the y descent if there
is an increase in intrapericardial pressure. Patients with car-
diac tamponade will nearly always have elevated neck veins,
along with hypotension and tachycardia. The two excep-
tions to this general rule are seen in patients who have had
recent open chest surgery (which can lead to localized
hematoma behind the left atrium, leaving the JVP normal)
and in patients who are frankly hypovolemic (who may also
have normal JVP). In constrictive pericarditis, the JVP is
elevated with prominent x and y descents. Paradoxical in-
spiratory increase of the JVP (Kussmaul’s sign) is seen in con-
strictive pericarditis but usually not in cardiac tamponade.
Pulsus paradoxus, present in cardiac tamponade, is a lower-
ing of systolic blood pressure more than 10 mm Hg during
inspiration. The cause is an increase in filling of the right car-
diac chambers during inspiration, resulting in compression
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in the presence of a pericardial effusion. Echocardiographic
signs may be less reliable in the presence of severe heart
failure or in ventilated patients. Occasionally, a therapeutic
pericardiocentesis with subsequent improvement of vital
signs may be the only way to confirm the diagnosis of tam-
ponade.

In constrictive pericarditis, transthoracic echocardiogra-
phy has a low sensitivity for detecting pericardial thicken-
ing. However, the absence of normal “sliding” between the
pericardial layers suggests adhesion. Transesophageal
echocardiography has been shown to be accurate in mea-
suring pericardial thickness (3). Doppler echocardiography
can assess the velocity of blood flow across tricuspid and
mitral valves, which in constriction (as in tamponade)
shows excessive respiratory variation. As in tamponade, the
inferior vena cava is dilated because of high right-atrial
pressures. Other echocardiographic signs are not diagnostic
of constriction. On chest radiograph, the pericardium may
appear as a calcified shell surrounding the heart. Com-
puted tomography and magnetic resonance imaging
can help assess pericardial thickening, but normal pericar-
dial thickness does not exclude constrictive pericarditis. In-
vasive hemodynamic measurements in the cardiac
catheterization laboratory are usually necessary to support
the diagnosis of constrictive pericarditis and differentiate it
from restrictive cardiomyopathy.

ACUTE PERICARDITIS

Issues at the Time of Admission

Clinical Presentation

Classic pericarditis presents as a sharp retrosternal dis-
comfort that improves on sitting up and worsens on lying
down. The pain can be quite severe, burning in nature, ra-
diating to the shoulder or back, and sudden in onset. It is
frequently pleuritic and worsens with inspiration. The
pain is variable in nature and location and may mimic
cardiac ischemia, an acute abdomen, or aortic dissection.
Dyspnea may be present in the absence of pulmonary
edema on the chest radiograph. Often pericardial pain
follows a prodrome of fever, malaise, and myalgia. A peri-
cardial friction rub is commonly present. The usual elec-
trocardiographic manifestation early in the course of acute
pericarditis is widespread ST elevation (concave upward
and usually less than 5 mm) with depression of the PR
segment below baseline (the T-P segment) (Figure 46.1).
These changes (stage I) are diagnostic of acute pericarditis.
Occasionally, ST-segment elevation can be confined to the
inferior or anterior electrocardiogram (ECG) leads in peri-
carditis, simulating myocardial infarction. The clinician
must take care not to confuse stage I changes of pericardi-
tis with those of acute myocardial infarction (leading to
inappropriate thrombolysis) or to mistake a large antero-
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TABLE 46.1
CAUSES OF ACUTE PERICARDITIS

Idiopathic
Infectious

Viral
Bacterial
Mycobacterial
Fungal
Protozoal

Neoplastic
Primary (mesothelioma: rare)
Secondary (especially breast, lung, melanoma, lymphoma,

leukemia)
Immune/inflammatory

Connective tissue diseases, sarcoidosis, familial Mediterranean
fever

Myocardial infarction
Dressler’s (after MI) syndrome
Postcardiotomy

Metabolic
Uremia
Dialysis-associated
Myxedema
Amyloidosis

Iatrogenic
Radiation injury
Cardiac perforation (catheters or automatic implantable 

cardioverter defibrillator placement)
Drugs (hydralazine, procainamide, isoniazid, anticoagulants,

minoxidil, methysergide)
Other

Aortic dissection
Blunt or penetrating trauma
Chylopericardium

Congenital
Pericardial cysts
Congenital absence of pericardium
Mulibrey nanism

of the left cardiac chambers and subsequent decrease in left-
ventricular stroke volume.

Auscultation of the heart may reveal a pericardial fric-
tion rub in cases of acute pericarditis. The sound has been
likened to the crunch of walking on dry snow. The rub may
occur only during ventricular systole; the presence of addi-
tional distinct components during atrial systole and ven-
tricular diastole leads to the classic (but often not heard)
three-component rub. In constrictive pericarditis, a pericar-
dial knock, representing the end of rapid diastolic filling,
sometimes is heard. The timing is similar to an S3 gallop,
but the sound’s character is distinctly different. Distant,
muffled heart tones may imply the presence of a pericardial
effusion. Cardiac gallops usually are not seen in tampon-
ade and imply the coexistence of heart failure.

If a pericardial effusion is present, the echocardiogram
may provide corroborative evidence of tamponade, includ-
ing diastolic collapse of the right ventricle and right atrium.
Nevertheless, tamponade remains a clinical diagnosis, sug-
gested by a triad of hypotension, elevated JVP, and tachycardia
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lateral infarction for pericarditis. In stage II, the ST seg-
ments return to baseline with flattening of the T waves. In
stage III, the T waves invert, and in stage IV, the electro-
cardiogram returns to normal. The evolution typically oc-
curs over two weeks, although T-wave inversions may per-
sist. If pericarditis presents as a manifestation of a
systemic illness, it can be asymptomatic and found inci-
dentally on the ECG or echocardiogram.

Differential Diagnosis and Initial Evaluation

Because the hallmark of acute pericarditis is chest pain, the
clinician must rapidly consider and exclude other more
life-threatening illnesses, including aortic dissection, pul-
monary embolism, esophageal rupture, and either acute or
recent myocardial infarction. Thus, the initial evaluation
must include (a) rapid assessment of hemodynamic status,
noting the presence of tachycardia, hypotension, jugular
venous distension, and pulsus paradoxus; (b) cardiac aus-
cultation; (c) ECG; and (d) chest radiograph. Initial labo-
ratory evaluation should include electrolytes, blood urea
nitrogen, creatinine, complete blood count, activated par-
tial thromboplastin time, and prothrombin time. Cardiac
biomarkers (e.g., troponins or creatine kinase MB levels)
should be obtained to exclude myocardial infarction or co-
existing myocarditis. However, it is important to recognize
that cardiac biomarkers are frequently elevated in acute
pericarditis because of coincident subepicardial myocardi-
tis (2,4). When these biomarkers are abnormal, acute my-
ocardial infarction must be excluded definitively before
concluding that the diagnosis is acute pericarditis.

Early in the evaluation, echocardiography reveals a peri-
cardial effusion in about 60% of cases of acute pericarditis
(5,6) and can help distinguish between myocardial infarc-
tion and pericarditis if the ECG changes are nondiagnostic.
Occasionally, coronary angiography is required to exclude
an acute coronary syndrome definitively, especially if wall
motion abnormalities are present on echocardiography. If
mediastinal widening appears on chest radiography or aor-
tic root dilation on echocardiography, a transesophageal
echocardiogram should be obtained to exclude aortic dis-
section.

Once the diagnosis of pericarditis is clear, the clinician
must consider the available history, physical examination,
and initial laboratory results to look for clues to a cause
(see Table 46.1). For example, a patient with a fever and an
elevated, left-shifted neutrophil count may have purulent
pericarditis or endocarditis. A history of breast cancer or the
presence of a breast mass might suggest neoplastic invasion
and a malignant pericardial effusion. Possible causes
should be pursued further by prompt and appropriate ad-
ditional testing. Pericardiocentesis should be performed if
infection or neoplasm is suspected, but it is not required for
an asymptomatic effusion discovered incidentally. As most
cases of pericarditis remain idiopathic, extensive testing
early in the course is discouraged.

In the initial evaluation and triage of patients with acute
pericarditis, the sensitivities of low frontal-plane voltage
and electrical alternans for cardiac tamponade are only
25% and 8%, respectively (7), rendering the ECG a poor
tool for this diagnosis. The presence of an enlarged cardiac
silhouette on the chest radiograph suggests a large pericar-
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Figure 46.1 Electrocardiogram (stage I) from a patient with acute pericarditis. Widespread ST el-
evations are present with PR-segment depression in lead II. In stage II, the ST segments return to
baseline with flattening of the T waves. In stage III, the T waves become inverted, and in stage IV,
the electrocardiogram returns to normal. The evolution typically occurs over two weeks, although
the T-wave inversions may persist.
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dial effusion, for which echocardiographic assessment and
pericardiocentesis are indicated, given the correlation of
large effusions with poor outcomes (8).

Emergent echocardiography is not required in patients
with normal blood pressure, no tachycardia, normal JVP,
normal cardiac biomarkers, and normal cardiac silhouette
(Figure 46.2), but such patients should have an echocardio-
gram at the earliest convenience. Echocardiography may
show a large pericardial effusion or evidence of right-atrial
or right-ventricular collapse, greatly raising the level of con-
cern regarding the risk for, or presence of, tamponade.

Indications for Hospitalization

The main reasons for hospital admission include pain con-
trol and observation for the development of tamponade. In
two large Spanish series of consecutive admissions for
acute pericarditis, the development of cardiac tamponade
in acute idiopathic pericarditis was as high as 15% (5,6).
Some high-risk indicators generally are acknowledged
(Table 46.2), but no prospectively validated criteria exist by
which to risk-stratify patients for development of cardiac
tamponade.

Young patients (age under 40 years) with normal vital
signs, normal jugular venous pressure, negative cardiac
biomarkers, and pain that is easily controlled in the
emergency department might be considered candidates for
outpatient management if family or friends can carry out
adequate observation. Echocardiography before discharge
from the emergency department is indicated to exclude a
very large pericardial effusion, because effusion size corre-
lates with outcome (8). Patients over age 40 or with other
significant coronary risk factors should be routinely
evaluated in a coronary observation or chest-pain evalua-
tion unit for 8–12 hours or admitted to a telemetry unit,
given the risk of missing an atypical presentation of acute
myocardial infarction.

Indications for Initial ICU Admission

Without question, the most important diagnostic test in the
triage of patients with primary acute pericarditis is a careful
examination of the JVP. Presence or absence of pulsus para-
doxus should be ascertained. Elevated JVP in the presence of
tachycardia or a positive pulsus paradoxus forewarns early
tamponade. Such patients should have emergent echocar-
diography. If a large effusion is present, then these patients
should be monitored in an ICU and receive early cardiology
consultation, with the anticipation of urgent pericar-
diocentesis. Patients with suspected pericarditis secondary
to another condition warranting ICU admission, such as
myocardial infarction, should be triaged appropriately.

In pericardial tamponade, stroke volume falls and heart
rate increases in an attempt to maintain cardiac output;
therefore, tachycardia is an early clinical sign of impending
tamponade. Pulsus paradoxus may be difficult to diagnose
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• Obtain ECG, vital signs,
O2 saturation

• Take history
• Careful physical exam

including JVP and pulsus paradoxus
• Send CBC, renal panel,

cardiac biomarkers, amylase
• Obtain CXR

Yes No

Consider and Exclude:
• Myocardial Infarction
• Aortic Dissection
• Pulmonary Embolism
• Pneumothorax
• Esophageal Rupture
• Pancreatitis

Suspect Pericarditis?

ECG Diagnostic?

? JVP elevated
? Vital signs abnormal
? Pulsus paradoxus present
? Cardiac biomarkers abnormal
? Poor pain control
? No social support 

Reconsider alternatives.
Still suspect pericarditis?

Yes to any No to all Yes

EchocardiogramEchocardiogram

Small or no
effusion

• Admit
• Cardiology

consult

• NSAIDs
• D/C Home
• F/U 1-2 days
• Return for any

deterioration

• Admit
• Cardiology

consult

Large or moderate
effusion

Figure 46.2 Emergency evaluation of possible acute pericardi-
tis. CBC, complete blood count; CXR, chest radiograph; D/C, dis-
charge; ECG, electrocardiogram; F/U, follow-up; JVP, jugular ve-
nous pressure; NSAIDs, nonsteroidal anti-inflammatory drugs.
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RA

Figure 46.3 Right-atrial (RA) collapse (arrow) in a patient with pericardial tamponade.

TABLE 46.2
INDICATORS OF HIGH RISK FOR
COMPLICATIONS OF PERICARDITIS

Study Indicator

Physical examination Tachycardia
Pulsus paradoxus
Elevated jugular venous pressure

Laboratory examination Leukocytosis
Uremia
Elevated cardiac biomarkers

Chest radiograph Enlarged cardiac silhouette
Echocardiograma Large pericardial effusion

Right-atrium or -ventricle collapse
Respiratory variation of mitral and

tricuspid inflow

a Echocardiogram should be obtained immediately if other high-risk
indicators are present.

in patients with severe hypotension or atrial fibrillation.
However, in patients with pulsus paradoxus, a systolic arte-
rial pressure less than 120 mm Hg, tachycardia, dyspnea, or
any evidence of systemic hypoperfusion, pericardial tam-
ponade must be suspected seriously. Echocardiography
should be performed unless the patient is so ill that there is
no time for it. Echocardiography usually shows exaggerated
leftward motion of the interventricular septum and exagger-
ated increase in right-ventricular filling during inspiration.
Right-atrial or right-ventricular collapse during diastole indi-
cates equilibration of intrapericardial pressures with right-
ventricular diastolic pressures and also indicates cardiac
tamponade (Figures 46.3 and 46.4). These findings often are
seen even before the patient has decompensated.

Once pericardial tamponade has been diagnosed clini-
cally, the patient should be moved to a cardiac catheteriza-

tion laboratory emergently to undergo catheterization and
pericardiocentesis in a controlled setting. In hospitals with-
out catheterization laboratories or in situations that are too
emergent to permit catheter guidance, pericardiocentesis
can be performed at the bedside (Figure 46.5). Echocardio-
graphy can identify the location on the chest wall where the
fluid is closest to the transducer. Care is taken to avoid the
intercostal and internal mammary arteries, and the trans-
ducer angle is used to determine the optimal trajectory of
the needle (9). After pericardiocentesis, an intrapericardial
catheter generally is left in place as part of a closed drainage
system for about 24 hours to be sure that tamponade does
not recur. Subsequently, the catheter may be removed. If
fluid recurs, percutaneous balloon pericardiotomy or a lim-
ited subxiphoid pericardiotomy may be required.

Initial Therapy

If cardiac tamponade is absent and no specific cause is
readily apparent, the early management of acute primary
pericarditis is focused on relief of symptoms. Treatment is
initiated with high-dose nonsteroidal anti-inflammatory
drugs, such as 650 mg of aspirin every three to four hours
or 800 mg of ibuprofen every eight hours. In patients with
severe pain in need of more immediate relief, 60 mg of par-
enteral ketorolac may promote the more the rapid resolu-
tion of symptoms (10). Anticoagulants generally should be
avoided because of the risk of intrapericardial hemorrhage;
for patients requiring anticoagulant therapy, levels should
be maintained in the lower end of the indicated therapeu-
tic range.

In some patients, pericarditis may be caused by infec-
tious conditions, uremia, tumor, radiation, or autoim-
mune diseases. Tuberculous pericarditis is not usually
associated with evidence of pulmonary tuberculosis. It
should be suspected in patients with persistent fever and
otherwise unexplained pericardial effusion, especially in
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Figure 46.4 Right-ventricular diastolic collapse (RVDC) in a patient with pericardial tamponade. PE, pericardial effusion.

Figure 46.5 Pericardiocentesis using the subxiphoid approach, which avoids the major epicardial
vessels. A hollow needle, which is attached via a stopcock to an aspiration syringe and to a short
length of connecting tubing leading to a transducer, is used to enter the pericardial space. If fluid is
aspirated initially, the pressure waveform at the needle tip should be examined briefly to confirm that
the needle tip is in the pericardial space. A floppy-tipped guide wire then is passed through the
hollow needle, and the needle is exchanged for a soft flexible catheter with end and side holes to fa-
cilitate safe and thorough drainage of the pericardial sac. ECG, electrocardiogram. (Adapted from
Lorell BH, Grossman W. Profiles in constrictive pericarditis, restrictive cardiomyopathy, and cardiac
tamponade. In Grossman W, Baim DS, eds. Cardiac Catheterization, Angiography, and Intervention.
Philadelphia: Lea and Febiger, 1991:643, with permission.)

Aspiration syringe 
with 1% xylocaine

Fluid-filled tubing
Transducer

To ECG

Xiphoid SternumPericardium

Heart

3-way Stopcock
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patients who are otherwise at high risk for tuberculosis.
Both pericardial fluid and tissue often are required to
make the diagnosis. In many patients, the effusion may
resolve spontaneously and progress insidiously to con-
strictive pericarditis. Multidrug antituberculosis therapy is
required and usually is supervised by an infectious-disease
specialist.

Bacterial pericarditis (often referred to as purulent
pericarditis) is usually a complication of an adjacent pneu-
monia with Staphylococcus, Pneumococcus, or Streptococcus
organisms or is associated with thoracic surgery or bacterial
endocarditis. It is usually an aggressive, acute illness with
fevers, chills, and evidence of sepsis. Cardiac tamponade
may develop rapidly. Treatment requires early surgical
drainage, often including pericardiectomy, and appropriate
intravenous antibiotics.

Fungal pericarditis is unusual. Most cases are caused by
histoplasmosis, which can cause massive pericardial effu-
sions. The diagnosis of fungal pericarditis is made based on
known exposure to histoplasmosis or coccidioidomycosis,
positive titers, and often confirmatory biopsy material.

Uremic pericarditis may occur prior to or during dialysis.
Treatment is usually intensification of dialysis and use of
nonsteroidal anti-inflammatory drugs.

Malignant pericarditis is usually caused by lung cancer,
breast cancer, leukemia, or lymphoma. Patients often have
other evidence of tumor in the chest, liver, or lymphatic
system. Pericardiocentesis is diagnostic in about 85% of
cases. The preferred treatment is catheter drainage of the
pericardial space or subxiphoid pericardiectomy. It is criti-
cal to realize that some patients with malignancies may
have idiopathic pericarditis or radiation pericarditis. For ex-
ample, radiation pericarditis develops in about 0.5%–5%
of patients after radiation for Hodgkin’s disease or breast
cancer. Pericardiocentesis should be performed only in pa-
tients with possible pericardial tamponade.

Autoimmune pericarditis occurs in 20% or more of pa-
tients with systemic lupus erythematosus or rheumatoid
arthritis. It is more likely to occur if the underlying disease
is active. Patients commonly have chest pain and a pericar-
dial rub. Pericarditis usually responds to aggressive treat-
ment of the underlying disease.

Indications for Early Consultation

Prompt cardiology consultation is indicated if there is clin-
ical suspicion of cardiac tamponade, such as the presence
of pulsus paradoxus, hypotension, tachycardia, or elevated
JVP. Patients with these symptoms are more likely to re-
quire pericardiocentesis, which is most safely performed
in a cardiac catheterization laboratory with echocardio-
graphic or fluoroscopic guidance. Other indications for car-
diology consultation include the failure to improve in the
first 24 hours, more than mild elevations of cardiac
biomarkers, unexplained electrocardiographic changes,
and new arrhythmias.

Issues During the Course of Hospitalization

The purpose of hospitalization in acute pericarditis is the
relief of pain and monitoring for the development of
cardiac tamponade. As most cases of pericarditis are idio-
pathic, early conservative therapy is justified. The progno-
sis is favorable in patients who do not have tamponade and
who have early relief of symptoms. Such patients do not re-
quire further testing, as the likelihood of discovering sig-
nificant underlying disease is reported to be less than 3%
(5). Failure to improve over 24 hours or the development
of tamponade warrant a more aggressive approach to es-
tablishing an etiologic cause (Figure 46.6).

In the first 24 hours, patients who do not present with
cardiac tamponade should be treated aggressively with non-
steroidal anti-inflammatory drugs. The patients’ vital signs
and JVP should be evaluated three to four times a day. Pa-
tients with deteriorating vital signs or increasing JVP should
receive immediate echocardiography and cardiology con-
sultation. In stable patients, repeat cardiac biomarker stud-
ies and an ECG should be obtained at 24 hours.

Although pericardial chest pain and fever in acute idio-
pathic pericarditis may persist for up to a week, patients who
fail to show improvement after 24 hours should have fur-
ther evaluation, including an echocardiogram to assess the
presence and size of the pericardial effusion. Additional lab-
oratory testing should be considered to screen for common
underlying etiologies of acute pericarditis: occult infection,
rheumatoid arthritis, hypothyroidism, HIV disease, malig-
nancy, or tuberculosis. Patients should remain hospitalized
until it is clear that they do not have enlarging pericardial ef-
fusions (on serial echocardiograms) or life-threatening
causes of pericarditis, such as bacterial infection. If pain
is refractory to nonsteroidal anti-inflammatory drugs, a
one-week course of prednisone 60 mg/d, followed by a one-
week taper, usually provides relief. Tuberculosis and bacte-
rial infection should be excluded before beginning corticos-
teroids. Table 46.3 briefly outlines the management of
specific causes of pericarditis; for further discussion, see the
“Additional Reading” list at the end of the chapter.

Patients with acute pericarditis frequently have pericar-
dial effusions regardless of the underlying cause. Routine
diagnostic pericardiocentesis is generally not useful; the
appearance of the fluid (e.g., serous compared with san-
guinous) does not reliably distinguish between idiopathic
and nonidiopathic causes (11). In one series, only 7% of
patients presenting with pericarditis had specific diag-
noses (which included tuberculosis, purulent pericarditis,
and neoplasm) established by examination of pericardial
fluid (5). Pericardial biopsy was not useful. The findings
of a large pericardial effusion, impending cardiac tam-
ponade, or failure to resolve fever and illness after five to
seven days of conservative treatment predict poorer out-
come and a higher diagnostic yield of pericardiocentesis
(5,8). In patients with AIDS, the presence of a pericardial
effusion portends a dire prognosis (12). Patients with any
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No to any ? Continued pain despite NSAIDs 

• JVP normal or only mildly elevated
• Pulsus paradoxus <10 mm Hg
• Heart size normal on CXR
• Secondary causes of pericarditis absent
• Cardiac biomarkers normal 

• ASA 650 mg q4h or ibuprofen
   600mg q8h 
• Daily cardiac biomarkers
• Daily ECG
• Vital signs every 4–6 hours
• Inspect JVP every 6–8 hours 

Nonemergent
echocardiogram

Emergent
echocardiogram

Wait 24 hours

? Pain significantly improved
? JVP normal
? No systemic illness apparent
? No pulsus paradoxus present
? Cardiac biomarkers normal 

Yes to all

• Discharge home
• Follow-up 1 week
• Continue NSAIDs, then reduce dosing
   frequency by one-half for 2 further weeks

Large effusion present Moderate effusion present 

•  Cardiology consult 
•  Periocardiocentesis

•  Follow-up echo in 24 hours
•  Continued hospitalization

Consider adding colchicine or steroids 

Yes to all No to any

Figure 46.6 Initial hospital management of patients with pericarditis. ASA, aspirin; CXR, chest ra-
diograph; ECG, electrocardiogram; JVP, jugular venous pressure; NSAIDs, nonsteroidal anti-inflam-
matory drugs.

of these characteristics merit cardiology consultation for
consideration of diagnostic or therapeutic pericardiocen-
tesis. Patients with moderate-size effusions and no other
evidence of underlying disease may continue conservative
management with nonsteroidal anti-inflammatory drugs
and undergo a second echocardiogram in 24 hours to
document stable effusion size. Small effusions may be fol-
lowed clinically.

Elective pericardiocentesis should be done in a cardiac
catheterization laboratory by a physician experienced in
the procedure. Rare emergency situations may require bed-

side pericardiocentesis with only electrocardiographic
monitoring. As large a volume as possible should be re-
moved and sent for cell count, bacterial culture, mycobac-
terial culture, and cytology. If tuberculous pericarditis is
suspected, elevated levels of adenosine deaminase activity
(�40 units/L) support the diagnosis, but culture or biopsy
are the standards of diagnosis (2,13). Other laboratory tests
generally have low specificity. A follow-up echocardiogram
should be performed the next day. If the effusion reaccu-
mulates rapidly, it may be necessary to repeat the pericar-
diocentesis to avoid the development of cardiac tampon-
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TABLE 46.3
PRESENTATION AND TREATMENT OF THE MOST COMMON SPECIFIC CAUSES OF PERICARDITIS

Type of Pathogenesis/
cause etiology Diagnosis Treatment Complications Comments

Viral Coxsackie B Leukocytosis Symptomatic relief Tamponade Peaks in spring and
Echovirus type 8 Elevated NSAIDs Relapsing fall
Epstein–Barr erythrocyte pericarditis

sedimentation
rate

Mild cardiac biomarker
elevation

Tuberculosis Mycobacterium 1. Isolation of 1. Triple drug Tamponade 1%–8% of patients
tuberculosis organism from antituberculosis Constrictive with tuberculosis

fluid or biopsy regimen pericarditis pneumonia; R/O
2. Granulomas not 2. Pericardial drainage HIV infection

specific followed by early
(4–6 wk)
pericardiectomy
if signs of
tamponade
or constriction
develop

Bacterial Group A 1. Leukocytosis with 1. Pericardial drainage Tamponade in Very high mortality
Streptococcus marked left shift by catheter or one-third rate if not

Staphylococcus 2. Pericardial fluid surgery of patients recognized early
aureus purulent 2. Systemic antibiotics

S. pneumoniae 3. Pericardiectomy
if constrictive
physiology
develops

Post- 12 h–10 d 1. Fever 1. ASA Tamponade More frequent in
myocardial post-infarction 2. Pericardial 2. Prednisone rare large Q-wave
infarction friction rub infarctions

3. Echo: effusion Anterior � inferior
Uremic Untreated renal Pericardial rub: 90% 1. Intensive dialysis 1. Tamponade Avoid NSAIDs

failure: 50% 2. Indomethacin: 2. Hemodynamic About 50% respond
Chronic dialysis: probably ineffective instability to intensive dialysis

20% 3. Steroids: high on dialysis
complication rate

4. Catheter drainage
5. Surgical drainage

Neoplastic In order of 1. Chest pain, dyspnea 1. Catheter drainage Tamponade
frequency: 2. Echo: effusion 2. Subxiphoid Constriction
Lung cancer 3. CT, MRI: tumor pericardiectomy
Breast cancer metastases to 3. Chemotherapy
Leukemia/ pericardium directed at

lymphoma 4. Cytologic underlying
Others examination of fluid malignancy

positive in 85%

ASA, aspirin; CT, computed tomography; MRI, magnetic resonance imaging; NSAIDs, nonsteroidal anti-inflammatory drugs; R/O, rule-out.

ade. In refractory cases with recurrent effusions, surgical
creation of a pericardial “window” (with samples sent for
pathological examination and culture) may be necessary.
However, note that these pericardial “windows” may not
remain patent, so recurrent tamponade may occur.

Following complete drainage of the pericardial fluid ei-

ther percutaneously or surgically, a small percentage of
patients develop constrictive physiology because of coexis-
tent pericardial thickening. This entity, “effusive–constric-
tive” pericarditis, is most common with neoplastic invasion
of the pericardium. Further treatment depends on the prog-
nosis of the patient.
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Pericarditis Developing in the Hospital

Patients hospitalized with other illnesses may develop a
pericardial effusion or symptoms of acute pericarditis.
Frequently, the cause is related to the underlying illness;
however, evaluation still requires consideration of other
unrelated causes (Table 46.1). Silent myocardial infarction
with resulting pericarditis is an example. Intrapericardial
bleeding also should be considered in hospitalized pa-
tients, especially those on anticoagulants or who have had
intracardiac procedures. Echocardiography is warranted as
initial evaluation to assess for presence and size of effusion
as well as to evaluate ventricular wall motion. Evaluation,
therapy, and indications for pericardiocentesis are other-
wise similar to primary acute pericarditis.

Discharge Issues

After 24 hours, patients with improving clinical status, de-
fined by marked improvement of chest pain, normal vital
signs, lack of elevated JVP and pulsus paradoxus, normal
cardiac biomarkers, and no evidence of myocardial is-
chemia on ECG, may be considered ready for discharge to
home. In the absence of a large cardiac silhouette on the
chest radiograph or evidence of cardiac tamponade,
echocardiography is not necessary prior to discharge. If
high-dosage nonsteroidal anti-inflammatory treatment
was begun in the hospital, it should be continued for one
to two weeks. The dose may then be halved, and treatment
should continue for a total duration of four weeks. Patients
should be instructed on discharge to return for evaluation
if their symptoms worsen or if they develop shortness of
breath, palpitations, or light-headedness.

Follow-up may consist of outpatient visits to the pri-
mary care physician or consulting cardiologist at one- to
two-week intervals until complete resolution is docu-
mented. Development of mild cardiac constrictive disease
may occur in the first month (9% of cases) but usually re-
solves spontaneously (14). Persistently elevated neck veins
and new peripheral edema should prompt further investi-
gation. The most common complication of acute pericardi-
tis is recurrent pericarditis, which develops in one-quarter
of cases (14) and occasionally becomes refractory. Patients
with such complications may require courses of colchicine,
steroids, or immunosuppressive agents under the care of a
cardiologist.

Patients who improve more slowly require longer hos-
pitalizations. Patients with stable moderate-size or small
effusions documented during hospitalization but other-
wise negative evaluations generally may be discharged
home after 2–3 days of hospitalization. These patients
should be followed at 2- to 3-day intervals initially as out-
patients and undergo repeat echocardiography to ensure
stable effusion size. Continuing fever, pain, or growing ef-
fusion size should prompt referral for pericardiocentesis as
discussed earlier.

CONSTRICTIVE PERICARDITIS

Issues at the Time of Admission

Clinical Presentation

Constrictive pericarditis usually has a slow, insidious on-
set resembling heart failure or chronic liver disease. Pa-
tients complain of fatigue and dyspnea and often note
growing abdominal girth and increasing lower-extremity
edema. Careful history might reveal a predisposing condi-
tion such as mediastinal irradiation, cardiac surgery, tu-
berculosis, neoplasm, connective tissue disease, renal dis-
ease, or previous history of pericarditis; however, most
cases are idiopathic. Physical examination reveals elevated
neck veins. The classic finding on physical examination is
Kussmaul’s sign, which is an increase in jugular venous
pressure during deep inspiration because of the inability
of the right ventricle to accommodate the increase in ve-
nous return caused by the negative intrathoracic pressure.
Pulsus paradoxus is not seen in constrictive pericarditis
unless the patient has effusive–constrictive pericarditis,
which is a clinical syndrome with some characteristics of
both pericardial tamponade and constrictive pericarditis.
A pericardial knock may be heard. The chest radiograph
may show pericardial calcification, although this finding
occurs in fewer than half of the cases. The ECG is non-
specific; atrial fibrillation occurs in about one-third of
cases (1).

Differential Diagnosis and Initial Evaluation

Although constrictive pericarditis may resemble chronic
liver disease with ascites and abnormalities of the liver func-
tion tests, the presence of elevated neck veins points to a car-
diac cause. Primary pulmonary hypertension, pulmonic or
tricuspid stenosis, or right-heart failure resulting from mi-
tral stenosis or chronic left-to-right shunting may give the
same clinical picture as constrictive pericarditis. Restrictive
cardiomyopathies also may have a similar clinical presenta-
tion. Distinguishing constrictive pericarditis from a restric-
tive cardiomyopathy can be difficult, even after careful
hemodynamic assessment on cardiac catheterization (Fig-
ure 46.7). Moreover, these two entities can coexist.

Initial evaluation of the patient with possible constric-
tion consists of careful history and physical, ECG, chest
radiograph, and laboratory tests as outlined for acute peri-
carditis. There are no pathognomonic electrocardiographic
changes in constrictive pericarditis, although atrial fibrilla-
tion and nonspecific repolarization changes are common.
Given evidence of elevated JVP and edema, the patient
should also have an echocardiogram to evaluate ventricular
and valvular function. Because the diagnosis of constrictive
pericarditis includes documentation of pericardial thicken-
ing or adhesion and confirmatory hemodynamics, early
magnetic resonance imaging or computed tomography, as
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Figure 46.7 Intracardiac pressures in a patient with constrictive
pericarditis. Simultaneous pressures obtained in left (LV ) and right
ventricles (RV ) show equalization of the diastolic pressures. In both
ventricles, there is an early diastolic dip (dd ) that rises rapidly to a
plateau (P ). The patient is in atrial fibrillation. (Adapted from Spod-
ick DH. The Pericardium: A Comprehensive Textbook. New York:
Marcel Dekker, 1997:243, with permission.)

well as cardiac catheterization, should be part of the initial
evaluation. Additional evaluation for specific causes should
be guided by the history and index of clinical suspicion.

Indications for Hospitalization

Constrictive pericarditis is slowly progressive, so hospital-
ization is usually not necessary. However, severe heart fail-
ure occasionally may require admission. Patients with
anasarca, hypotension, excessive tachycardia, abnormal re-
nal function, or failure to oxygenate adequately should be
admitted.

Indications for Initial Intensive Care
Unit Admission

Patients with hypotension requiring intravenous vasopres-
sors or patients in a low cardiac output state manifested by
renal failure and poor urine output should be admitted to
a cardiac care unit. Patients with hypoxia and excessive oxy-
gen requirements or respiratory rate also should be triaged
to a cardiac care unit.

Initial Therapy

Patients with evidence of volume overload (elevated JVP,
ascites, and edema) should be sodium restricted and re-
ceive an intravenous diuretic such as furosemide. The de-
sired rate of diuresis is for output to exceed intake by

500–1,000 mL per day. Patients should have careful assess-
ment of fluid intake and output, vital signs, and daily
weights. Patients in atrial fibrillation should be treated with
digoxin alone to achieve a target heart rate of 90–100
beats/min. �-blockers and calcium channel blockers are
poorly tolerated because of their negative inotropic effects
and excessive slowing of heart rate. Medical therapy is usu-
ally only palliative for constrictive pericarditis. Patient care
is facilitated by rapidly confirming the diagnosis and pro-
ceeding with definitive surgical management.

Indications for Early Consultation

Patients with suspected constriction who are admitted to
cardiac care units or who have deteriorating renal function
should have initial cardiology consultation. Consultation is
also indicated in any patient in whom the diagnosis of con-
strictive pericarditis is established. Cardiac catheterization is
required to confirm the hemodynamics of constriction and
to exclude coronary artery disease. Myocardial biopsy may
be indicated to exclude infiltrative myocardial disease (such
as amyloid) if other clinical data do not clearly differentiate
restrictive compared with constrictive physiology.

Issues During the Course of Hospitalization

The goal of hospitalization is to relieve the congested state,
to establish the diagnosis of constrictive pericarditis, and to
proceed to pericardial stripping if appropriate. Diuresis
should proceed as described previously while renal func-
tion and electrolytes are monitored daily. Once the diag-
nosis is confirmed, cardiothoracic surgery consultation
should be obtained. The decision to recommend surgery
should not be made lightly, especially in the severely de-
bilitated elderly patient. The surgical mortality rate ranges
from 6%–19% in optimally selected patients and is as high
as 40% in the most severely affected individuals (15). The
coexistence of restrictive cardiomyopathy and radiation-in-
duced constriction may be associated with poorer surgical
outcome, as may the coexistence (with constriction) of
coronary artery disease, valvular disease, and renal or hep-
atic insufficiency. Involvement of the visceral pericardium
also negatively impacts surgical outcome.

Patients in atrial fibrillation should be anticoagulated.
Cardioversion to normal sinus rhythm may improve cardiac
function, but it is unlikely that this sinus rhythm will be sus-
tained. Medications that control the ventricular response
rate should be employed judiciously because excessive
slowing of the heart rate may lead to clinical deterioration.

Discharge Issues

In postsurgical patients, time to discharge depends on the
postsurgical course. If the patient is not considered to be a
surgical candidate, discharge depends on the relief of con-
gestion. In general, patients should be able to ambulate
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and perform their activities of daily living. Elderly or debil-
itated patients are candidates for referral to a short-term
rehabilitation facility. If surgery is delayed, patients may
proceed to discharge if their vital signs normalize and ef-
fective diuresis is maintained using oral diuretics.

Even after pericardial stripping, it may take several
weeks or months for the filling pattern of the heart to re-
turn to normal. Patients should continue oral diuretics and
have follow-up every 2–4 weeks to be observed for fluid re-
tention. After several weeks, the patient may attempt to ta-
per and eventually discontinue diuretics under supervision.
Failure to improve may be a result of inadequate peri-
cardiectomy or any of the other factors discussed previ-
ously.

COST CONSIDERATIONS AND
RESOURCE USE

Limited diagnostic testing in low-risk patients with acute
pericarditis is the primary means of reducing hospitaliza-
tion costs. Clinical criteria and simple diagnostic tests re-
main the most effective tools for risk stratification of pa-
tients. Selective discharge from the emergency department
using echocardiography as a risk-stratification tool may be
a cost-effective strategy that does not compromise patient
safety. Cost-effectiveness studies are not available and are
unlikely to be forthcoming owing to the relative infre-
quency of acute pericarditis.

KEY POINTS

Acute Pericarditis

■ The chest pain of pericarditis is usually pleuritic but can
mimic the pain of myocardial infarction, aortic dissec-
tion, and pulmonary embolus.

■ Patients at high risk for complications include those with
fever, tachycardia, pulsus paradoxus, or elevated jugular
venous pressure.

■ Other indicators of high risk include uremia, history of
neoplasm, enlarged cardiac silhouette on chest radio-
graph, and a large effusion on echocardiography.

■ Initial treatment is with nonsteroidal anti-inflammatory
drugs for pain relief, except in uremic pericarditis, in
which dialysis is indicated.

■ Pericardiocentesis is always indicated if there is clinical
evidence of tamponade and usually indicated if patients
fail to improve with conservative management.

Constrictive Pericarditis

■ The onset is usually insidious with symptoms and signs
of venous congestion.

■ Hospitalization is recommended to relieve symptoms of
severe congestion and for low cardiac output.

■ Definitive diagnosis requires demonstration of both
pericardial thickening and adhesions, as well as hemo-
dynamics consistent with constriction.

■ Pericardial stripping carries a 5%–10% or higher mortal-
ity rate and should not be recommended lightly.
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INTRODUCTION

Peripheral arterial disease (PAD) is the term most com-
monly applied to the clinical syndrome that accompanies
chronic obstruction of the arterial blood flow to one or
more extremities. Most commonly, but not exclusively, this
disease is encountered in the legs and represents a manifes-

tation of atherosclerosis. As such, PAD often coexists with
identifiable occlusive disease in other major arterial con-
duits, most notably in the heart and the extracranial cere-
bral vasculature. Approximately 40% of patients with PAD
have concurrent coronary artery or cerebrovascular disease,
and 8.6% of patients have disease in all three vascular beds.

Although there has been a substantial increase in the
awareness of PAD within the medical community, this dis-
ease remains under-diagnosed in usual medical practice.
This under-diagnosis poses a barrier to effective secondary
prevention of the substantial ischemic cardiovascular and
cerebrovascular risk associated with PAD.

SYMPTOMS

A detailed medical history is mandatory for proper evalua-
tion and management of the patient with suspected lower
extremity arterial insufficiency. The initial history should
include questions designed to define the walking distance,
velocity, and incline that are required to elicit the patient’s

47
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symptoms. These variables constitute a baseline measure of
disability and assist in the future monitoring of the efficacy
of therapeutic intervention.

Claudication

Intermittent claudication is the hallmark symptom of pe-
ripheral arterial insufficiency. Claudication is classically de-
scribed as a sensation of fatigue or cramping that is elicited
during muscular activity (e.g., walking) of the involved ex-
tremity. The symptom usually arises after a consistent, re-
producible level of exertion and resolves promptly within
minutes of cessation of effort, either by sitting or standing
still. The location of pain within the extremity is useful in
the identification of the likely vascular site of hemodynam-
ically significant arterial stenosis. Disease of the superficial
femoral or popliteal arteries typically elicits claudication in
the calf muscles, whereas disease of the iliofemoral arteries
or obstruction of the aorta leads to claudication in the but-
tocks, hips, or thighs. Ankle or foot claudication more of-
ten arises with stenosis of the tibial and peroneal arteries.

The symptom of claudication is primarily caused by an
inadequate blood supply to the extremity caused by a
flow-limiting lesion of a conduit artery. If a pressure gra-
dient is present, its magnitude increases in a non-linear
manner, thereby magnifying the symptomatic importance
of an arterial stenosis as the arterial flow rates increase. A
stenosis that does not provoke a gradient at rest may very
well cause a gradient during exercise, as a consequence of
the augmented cardiac output and reduced vascular resis-
tance. Thus, as the stenosis increases, the distal perfusion
pressure is not maintained. The increase in the intramus-
cular pressure during exercise, if it exceeds the arterial
pressure distal to the stenosis, can further compromise
blood flow.

When the impaired blood supply is insufficient to meet
the increased metabolic demands of the exercising muscle,
anaerobic metabolism supervenes in the recipient muscu-
lar bed. Accumulation of lactate and other metabolites,
such as acylcarnitines, adenosine diphosphates, and hy-
drogen ions, ensues. Increasing local concentrations of
these metabolites activates local sensory receptors: the pa-
tient perceives limb discomfort, which, in peripheral arte-
rial disease, is called claudication.

Several standard questionnaires have been developed to
identify the patient with claudication and to help assess its
severity. The Rose, San Diego, and Edinburgh Question-
naires have been developed for the epidemiologic assess-
ment of the prevalence of angina and claudication. The
Medical Outcomes Short Form 36 (SF-36) Questionnaire is
intended to evaluate the functional status and well-being of
patients with chronic conditions. The Walking Impairment
Questionnaire, the most recently developed of these in-
struments, evaluates the symptoms and assigns a point
score to the elicited responses. Although these instruments
were developed to facilitate prospective studies of PAD,

they can be utilized as the source for a series of questions
for the patient. The questions can be particularly helpful in
assessing the patient’s functional impairment as a conse-
quence of the suspected vascular insufficiency (Table 47.1).
By comparison, clinicians who rely on a classic history of
claudication to detect PAD are likely to miss the diagnosis
in 85%–90% of patients.

Dynamic leg discomfort is the hallmark of PAD, but
nonvascular causes of exertional leg pain should be con-
sidered in the differential diagnosis of true claudication
(Table 47.2). Alternate, nonvascular diagnoses include
lumbosacral radiculopathy and spinal stenosis, arthritis of
the hips and knees, and various musculoskeletal diseases.

Venous claudication (defined as exertional lower
extremity aching in the absence of peripheral arterial insuf-
ficiency) can be observed in patients with venous regurgita-
tion and produces discomfort that occurs during exertion
and that might mimic the calf claudication of arterial insuf-
ficiency. Various clinical characteristics, including periph-
eral edema, stasis, pigmentation, and varicosities, help to
identify the patient with chronic venous insufficiency. A
symptomatic Baker’s cyst or a chronic compartment syn-
drome can similarly cause discomfort at the level of the calf,
although the nature and location of the pain, which is
characteristically associated with a particular position,
should help distinguish these patients from those with PAD.

456 Section V: Vascular Medicine

TABLE 47.1
SUBJECTIVE ASSESSMENT OF THE PATIENT
WITH POSSIBLE PERIPHERAL ARTERIAL DISEASE

These questions are derived from the Walking Impairment Ques-
tionnaire (WIQ)

Walking distance

How much difficulty do you experience in walking
• Around your home?
• 50 feet?
• 1/2 block?
• 1 block?
• 2 blocks?
• 3 blocks?
• 5 blocks?

Walking speed

How difficult is it for you to
• Walk 1 block slowly?
• Walk 1 block at an average speed?
• Walk 1 block quickly?
• Run or jog 1 block?

Stair climbing

How difficult is it for you to climb
• 1 flight of stairs?
• 2 flights of stairs?
• 3 flights of stairs?
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Arthritis of the hips and knees clearly can be responsible
for leg discomfort and pain with ambulation. However, the
resulting pain is characteristically a persistent ache, typi-
cally localized to the affected joints, and, unlike the pain of
PAD, is commonly precipitated by exercise of variable in-
tensity. The clinician should attempt to elicit complaints of
arthralgia using range-of-motion examinations.

Lumbosacral radiculopathy typically presents as a con-
sequence of degenerative disc disease or spinal stenosis. In
this condition, walking short distances may evoke pain
with a quality very similar to claudication, but relief is ob-
tained not with rest alone, but rather by sitting or leaning
against a support. This symptom complex, which is called
neurogenic claudication or pseudoclaudication, is com-
mon in the elderly and often coexists with PAD.

Symptoms of Critical Leg Ischemia

Pain at Rest

Patients with critical limb ischemia present with relentless
lower extremity pain (Table 47.3). The classic description is
a burning discomfort in the ball of the foot and in the toes,
typically exacerbated at night, in the supine position. The
latter manifestation can be explained by the loss of gravity-
assisted blood flow to the lower extremities. The patient
may try to minimize discomfort by suspending the legs
over the side of the bed or sleeping in an upright or semi-
sitting position. The protracted dependency of the lower ex-
tremities produces considerable peripheral edema, which

might not otherwise be characteristic of arterial insuffi-
ciency in the absence of venous disease.

Non-healing Wounds

In critical leg ischemia, non-healing wounds of the lower ex-
tremity and/or foot are common. Failure to heal is typically
defined after a 4–12 week trial of therapy. Such wounds of-
ten result from trauma caused by an injury or improperly fit-
ted shoe. When the blood supply falls to extremely low lev-
els, gangrene, usually of the toes, may develop.

Differential Diagnosis

Other clinical entities, such as night cramps, arthritis, or di-
abetic sensory neuropathy, must be considered in the dif-
ferential diagnosis of critical leg ischemia. Patients with
night cramps usually have relief after muscle massage,
walking, or the administration of an antispasmodic drug.
Arthritis typically produces intermittent pain at defined in-
tervals, in contrast to the constant pain that is characteristic
of critical limb ischemia. The pain of diabetic sensory neu-
ropathy is not necessarily associated with recumbency.

The differential diagnosis of critical limb and digital is-
chemia should also include the connective tissue disor-
ders, such as systemic lupus erythematosus and sclero-
derma (Table 51.1). Other entities to be considered
include vasculitis (in particular, thromboangiitis obliter-
ans), atheroembolism, diabetic sensory neuropathy, reflex
sympathetic dystrophy, and acute gouty arthritis.

General Symptomatic Evaluation for
Atherosclerosis

Because PAD may represent only one of several manifesta-
tions of systemic atherosclerosis, a detailed interrogation
for the symptoms of coronary and cerebrovascular insuffi-
ciency should be undertaken. Hospitalized patients with
coronary artery disease are particularly likely to harbor the
undetected diagnosis of PAD (1). Hypertension is a major
risk factor for the development of PAD (2), and poorly con-
trolled hypertension predisposes patients to a higher inci-
dence of coronary and cerebrovascular events.

SIGNS

Pulse Examination

A careful pulse examination must be performed in all ex-
tremities. It is most practical to grade pulses according to
whether they are absent (0), diminished (1), or normal (2).
Unusually prominent pulses should also be noted. Auscul-
tation for bruits is an integral part of the circulatory exami-
nation and includes the neck, abdomen, flank, and groin.
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TABLE 47.3
DIFFERENTIATING CRITICAL LIMB ISCHEMIA
FROM CLAUDICATION

Critical limb ischemia Claudication

Rest pain with legs horizontal Ischemic symptoms are 
present only during exercise

ABI �0.5 ABI typically �0.5
Ischemic ulcers or lesions on foot No loss of skin integrity

TABLE 47.2
DIFFERENTIAL DIAGNOSIS OF INTERMITTENT
CLAUDICATION

Calf Hip/thigh buttock Foot

Venous claudication Arthritis Arthritis
Chronic compartment Spinal cord Inflammation

syndrome compression
Nerve root compression
Baker’s cyst
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Patients with aortoiliac disease will often have attenuated
femoral pulse amplitudes, at times accompanied by audible
femoral bruits. In the presence of hemodynamically signif-
icant disease in the superficial femoral artery, the femoral
pulse will be palpable, but popliteal and tibial pulses will be
diminished or absent. A history of calf claudication with ab-
sent pedal pulses and preserved pulse amplitude in the
femoral and popliteal vessels is likely to represent tibioper-
oneal disease, seen commonly in diabetics.

The general examination may reveal hypertension, ar-
rhythmias, abnormal heart sounds, or findings suggestive
of the presence of anemia. Blood pressure should be mea-
sured in both upper extremities, and any observed pressure
gradients should be noted. The abdomen must be palpated
to exclude the presence of a pulsatile mass.

Pallor and Rubor

Pallor on elevation and dependent rubor represent recipro-
cal, physical changes of ischemia. The rapidity with which
the pallor occurs can be used as a semiquantitative bedside
assessment of the severity of ischemia. The leg of a supine
patient is passively elevated by the examiner to a 60-degree
angle. Pallor will be observed within 25 seconds with se-
vere disease, within 30 seconds with moderate insuffi-
ciency, and within 60 seconds in the presence of mild ob-
structive disease. With dependency after elevation (i.e., the
patient resumes the sitting position, with the legs descend-
ing passively from the edge of the exam table), a venous fill-
ing time of 20–45 seconds denotes more severe disease; in
a normal patient, the venous filling time is nearly instanta-
neous. In severe disease, capillary refill (the return of color
to the skin after blanching) will be comparably delayed:
whereas capillary refill is nearly instantaneous in the nor-
mal patient, delays of 20 seconds or more are commonly
seen in severe arterial insufficiency. Rubor on dependency
(the reddish-purple hue assumed by the skin with sitting or
standing) can similarly be elicited in such patients.

Dependent rubor is characteristic of poor arterial inflow,
but can only be qualitatively defined as present or absent.
Cutaneous changes in the affected extremity indicate the
presence of significant longstanding arterial disease. It is
only over many months that cutaneous and subcutaneous
atrophy, along with hair loss and poor nail plate growth,
become evident.

Cyanosis

Livedo reticularis or cyanosis of the digits suggest a recent
atheroembolic event. Additional manifestations of acute
arterial occlusion can include painful cyanosis of one or
more of the digits. Acute occlusion can occur de novo in pa-
tients at risk for thromboemboli, or can punctuate the nat-
ural history of patients with pre-existing PAD; such events
are highly characteristic after thrombotic occlusion of a pre-
existent bypass graft.

Prompt assessment of limb viability is mandatory. Signs
of irreversible ischemia include major tissue loss, absent
capillary return (marbling), profound muscle weakness or
paralysis, profound sensory loss, and inaudible arterial and
venous Doppler signals (see Ankle-Brachial Index). Critical
limb ischemia is characterized by severe ischemic pain at
rest, often accompanied by skin breakdown, gangrene, and
ineradicable tissue infection.

LABORATORY TESTS AND
IMAGING STUDIES

Ankle-Brachial Index

Bedside quantification of lower extremity arterial insuffi-
ciency is eminently feasible and should be considered an
element of the standard physical examination of patients
with suspected PAD. The results of this diagnostic ma-
neuver, performed with a hand-held Doppler probe and
a sphygmomanometer, is commonly called the Ankle-
Brachial Index (ABI). The ABI is expressed, for each leg, as a
ratio of the greater of the 2 ankle systolic pressures, mea-
sured at the malleolar level, and the greater of the 2
brachial systolic pressures. Systolic blood pressure is mea-
sured by Doppler ultrasonography in each arm and in the
dorsalis pedis (DP) and posterior tibial (PT) arteries at each
ankle (Figure 47.1). An ABI of �1.0 is considered normal,
recognizing that systolic blood pressure is normally higher
in the legs than in the arms. Patients with PAD typically
have Ankle-Brachial Index values between 0.41 and 0.90.
Critical leg ischemia, to be discussed later, is typified by an
ABI �0.4. However, the predictive accuracy of the ABI relies
upon normal compressibility of the infrapopliteal arterial
vasculature. In older patients, and especially in patients
with diabetes, vascular calcification reduces the elasticity of
the arterial wall. As a result, the higher external pressures
that are required to compress these inelastic vessels will
produce an overestimation of the true, intraluminal arterial
pressure. An ABI �1.30 suggests the presence of noncom-
pressible, calcified vessels. In such patients, pulse volume
recordings (see later) may be required to validate the pres-
ence of an attenuated pulse volume characteristic of arterial
insufficiency.

The ABI is particularly useful to identify and evaluate
asymptomatic patients with risk factors or other symp-
toms suggestive of atherosclerosis (3, 4). In one study,
about 7% of persons ages 45–74 years had an ABI of
�0.95, but only 22% of these patients had symptoms (3).
An ABI �0.5 is the most important measure of the sever-
ity of disease and predictor of the subsequent need for
surgery or amputation (5). Skin perfusion pressure on the
foot may be an even better predictor of the likelihood of
leg amputation or the need for revascularization in pa-
tients with critical leg ischemia (6).
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Right-arm
systolic pressure

Left-arm
systolic pressure

Left-ankle
systolic pressure

Left-ankle
systolic pressure

DP

PT

DP

PT

Left ABI
Higher left-ankle pressure

Higher arm pressure

Right ABI
Higher right-ankle pressure

Higher arm pressure

Interpretation of ABI

> 1.30

0.91-1.30

0.41-0.90

0.00-0.40

Noncompressible

Normal

Mild-to-moderate peripheral
arterial disease

Severe peripheral arterial
disease

Figure 47.1 Measurement and calculation of the Ankle-Brachial Index (ABI). For details, please
see text. (Reproduced from Hiatt WR. Medical treatment of peripheral arterial disease and claudica-
tion. N Engl J Med 2001;344:1608–1621, with permission.)

Blood Tests

Routine laboratory testing of the suspected claudicant
should include a complete blood count (CBC), fasting
glucose level and/or hemoglobin A1C level, a fasting
lipid profile, a creatinine level, and levels of lipoprotein (a)
and serum homocysteine. In patients with premature
atherosclerosis or very aggressive, rapidly progressive vas-
cular disease, additional investigations may include plasma
fibrinogen levels, an antiphospholipid antibody screen, as-
say for antithrombin III antibodies, and coagulation stud-
ies designed to detect deficiencies in protein C and S, Fac-
tor V Leiden, and others. Identification of such so-called
“novel” risk factors for PAD, such as hyperhomocysteine-
mia, may help to explain the racial disproportions in dis-
ease prevalence that have been observed in population

studies. Laboratory confirmation of limb-threatening arte-
rial occlusion can be sought in the form of elevated serum
levels of muscle enzymes and myoglobinuria.

Exercise Testing

Treadmill exercise testing can evaluate the severity of the
peripheral arterial stenosis and provide objective evidence
of the patient’s walking capacity. Two accepted treadmill
protocols are: the constant-workload protocol, which uses
a constant speed and grade (typically 2 mph and 12%
grade), and the graded test, which provides constant speed
but varies the grade from an initial horizontal position in
predefined steps (e.g., 2%) at predefined intervals (e.g., 2
minutes). The reproducibility of the two testing methods is
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comparable except when claudication distances are very
short, in which case the graded test is superior (7).

The initial claudication distance is defined as the work-
load at which symptoms of claudication first develop, and
the absolute claudication distance is the point at which the
patient is no longer able to continue walking because of se-
vere leg discomfort. Together, these two measures provide
a useful, quantitative assessment of the patient’s disability
and can be monitored after therapeutic interventions (8).

Segmental Pressure Analysis

Segmental pressure analysis, which quantifies systolic
blood pressure at selected sites along the length of each ex-
tremity, is one of the most useful ways to evaluate PAD.
Blood pressure cuffs are applied at the thigh, above and
below the knee, and above the ankle. A hemodynamically
significant stenosis should be suspected if a segmental pres-
sure decrement of �15% is observed. Segmental pressure
analysis is often supplemented by color flow Doppler ul-
trasound of the major conduit vessels. The Doppler probe
is placed over an artery distal to the cuff to assess the veloc-
ity of blood flow. In the lower extremities, the probe is usu-
ally placed over the posterior tibial artery behind and be-
low the medial malleolus. The dorsalis pedis artery can also
be interrogated on the dorsum of the metatarsal arch. In the
upper extremity, the brachial, radial, and ulnar arteries are
suitable imaging targets.

Pulse Volume Recording

Pulse volume recordings are obtained along the axis of the
limb with specifically placed transducers. The goal is to
record segmental pulse volumes at the thigh, calf, ankle,
and toes. The morphology of the arterial waveform can be
analyzed when the changes in volume are displayed with a
graphic recorder. In the presence of a hemodynamically
significant stenosis, the amplitude of the pulse volume is
reduced, and the normal dicrotic notch is lost, with con-
version from the normal biphasic waveform to an abnor-
mal monophasic pattern.

Imaging Studies

Duplex Ultrasound Imaging

Duplex imaging provides a direct noninvasive means of as-
sessing both the anatomic characteristics of peripheral ar-
teries and the functional significance of stenoses that are
detected. The acoustic properties of the vascular wall can be
discriminated from those of the surrounding tissues,
thereby enabling them to be imaged readily. Normal arter-
ies have laminar flow, with the highest velocity of flow de-
tected at the center of the artery. The representative image

is usually homogeneous, with a nearly constant hue and in-
tensity. With a stenosis, blood flow velocity through the
narrowed lumen increases; proportional desaturation of
the color display and flow disturbance distal to the lesion
provoke changes in hue and color. A doubling of peak sys-
tolic velocity at the site of the lesion serves to identify a
50% reduction in diameter. If the artery is occluded, no sig-
nal can be obtained. The sensitivity and specificity of this
technique for the identification of arterial stenosis have
been reported to be 85% and 95%, respectively.

Magnetic Resonance Angiography

Magnetic resonance angiography provides a noninvasive
technique to visualize the peripheral arterial vasculature
and the aorta. The technique has been reported to be highly
sensitive and specific. Resolution of the vascular anatomy
with gadolinium-enhanced magnetic resonance imaging
approaches that of conventional contrast digital subtraction
angiography. Its greatest current utility may be in patients
who require anatomic definition of disease for therapeutic
decision making but who are at high risk for renal, allergic,
or other complications of conventional angiography.

Contrast Angiography

Conventional angiography is performed when the arterial
anatomy must be defined prior to a revascularization pro-
cedure. Occasionally, a diagnostic procedure is performed
when the diagnosis is in doubt, but revascularization
would be warranted if the symptoms and/or signs could be
linked to PAD.

EVALUATION AND TREATMENT

The evaluation and management of patients with periph-
eral arterial disease is covered in Chapter 51. For most pa-
tients with critical leg ischemia, early consideration will be
given to an attempt at revascularization of the ischemic
limb, using a variety of thrombolytic, catheter-based, and
surgical approaches. In all such cases, angiographic docu-
mentation of the relevant anatomy is mandatory. In pa-
tients who are not amenable to surgery or endovascular in-
tervention, the primary, urgent management issues include
control of pain, treatment of non-healing wounds and/or
infection, improvement of tissue perfusion, and prevention
of tissue loss.

When critical limb ischemia occurs, patients require pal-
liation of pain, aggressive wound care, antibiotic therapy of
supervening infections, and interventions to prevent the
loss of limb. Other long-term management goals include
control or elimination of modifiable risk factors such as
smoking, diabetes, hypertension, and dyslipidemias.
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KEY POINTS

■ The medical history is crucial to the diagnosis of PAD
and to avoiding substantial underdiagnosis.

■ Physical findings usually occur late in PAD.
■ The ABI is the key diagnostic test for PAD.
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Urgent and Emergent

Hypertension
William B. White

INTRODUCTION

Hypertensive emergencies are defined not by the absolute
value of blood pressure (BP) but by the presence of acute
end organ damage secondary to a rapidly increasing
blood pressure with attendant vascular injury (Table
48.1). Hypertensive patients with longstanding blood
pressure elevations tolerate much higher pressures prior to
manifesting rapid decompensation of vital organ function
compared with previously normotensive patients, who
may present with clinical signs of accelerated disease at
lower pressures that have developed more acutely (e.g.,
pregnancy and acute glomerulonephritis). Hypertensive
emergencies dictate immediate hospitalization with man-
agement in a critical care unit setting and reduction of
blood pressure within minutes to hours. In contrast, se-
vere, uncontrolled hypertension without acute or ongoing
end-organ damage is typically defined as a hypertensive ur-
gency. This type of patient can be managed vigilantly on
an outpatient basis with the aim to reduce blood pressure
within 1 to several days.

The incidence of uncontrolled and severe hypertension
has been significantly reduced in the United States over
the past few decades, driven by increased awareness re-
garding the importance of managing high blood pressure
as an outpatient. In fact, the seventh report of the Joint
National Committee (1) demonstrated this improvement
in control rates for hypertension (systolic BP �140 mm
Hg and diastolic BP �90 mm Hg). Because of this
progress, hypertensive emergencies now occur in less than
1% of the hypertensive population (2). Despite these suc-
cesses, however, many Americans remain unaware of their
hypertension, and hypertensive urgencies continue to be
relatively common.

ISSUES AT THE TIME OF ADMISSION

Clinical Presentation

Patients presenting with severe hypertension (�180/110
mm Hg) are usually asymptomatic. On the rare occasion at
which the patient becomes symptomatic or has evidence of
acute target-organ injury, it becomes an “emergent” syn-
drome. There is no “typical” presentation; emergent hy-
pertension can present with symptoms ranging from
headaches, visual disturbances, confusion, weakness, and
seizures to chest pain and shortness of breath.

Initial Evaluation

The history is an important first step in determining the
level of urgency. The focus should be on eliciting cere-
brovascular or cardiac symptoms. Questions that should be
priorities are those regarding cardiovascular decompensa-
tion (myocardial ischemia, acute pulmonary edema, or
aortic dissection), central nervous system compromise (en-
cephalopathy, cerebral hemorrhage, or ischemic stroke),
and acute renal failure. Other important details include a
previous history of hypertension, current medications in-
cluding oral contraceptives, drug abuse (e.g., cocaine), al-
cohol intake, smoking, peripheral vascular disease, and
pregnancy. If the history is unrevealing, pain or anxiety can
also elevate blood pressure and need to be excluded.

The physical examination first should establish that the
elevated blood pressure reading is accurate. Inaccurate mea-
surement is a simple but common issue in severe hyperten-
sion. A large sphygmomanometer bladder should be used if
the arm circumference exceeds 32 cm; during the measure-
ment, the arm should be at heart level. Second, the physical
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Laboratory investigations should include an electrocar-
diogram (ECG). This will alert the physician to underlying
ischemia/infarction, conduction abnormalities, and elec-
trolyte disturbances (e.g., hyperkalemia) and guide the op-
timal form of therapy, which should begin immediately.
Serum electrolytes, blood urea nitrogen, creatinine, and
hematocrit should be ordered at the time of presentation. A
urinalysis should assess for proteinuria, red blood cells,
and red cell casts. A chest radiograph should be performed
to assess for pulmonary vascular congestion (which should
first be established clinically) as well as for a widened me-
diastinum that may be due to aortic dissection. It should be
emphasized, however, that therapy should be instituted
immediately after obtaining the focused history, physical
examination, and electrocardiogram without waiting for
the results of these other tests.

Other radiographic or biochemical evaluations should
be performed, depending on the emergency at hand. For
example a computed tomographic scan of the chest or a
transesophageal echocardiogram may be necessary to ex-
clude an aortic dissection (Chapter 49). Computed tomog-
raphy would be warranted if neurologic symptoms are pre-
sent and especially to differentiate between hemorrhage
and ischemia (Chapters 116 and 117). A urine toxicology
screen to exclude cocaine or amphetamine overdose is per-
tinent in a patient who appears clinically to have excessive
sympathetic nervous system activity.

Diagnostic investigations for secondary hypertension
should also be considered at the time of presentation. Urine
collection of catecholamines, metanephrines, and VMAs
also can be initiated if the suspicion of a pheochromocy-
toma exists. Persistent tachycardia and widened pulse pres-
sure may alert a physician to send thyroid function tests.
Captopril renography and measurement of plasma renin ac-
tivity may be useful in a patient who has an abdominal
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TABLE 48.1
TYPES OF HYPERTENSIVE EMERGENCIES

Central nervous system

Hypertensive encephalopathy
Hypertension with intracranial hemorrhage
Hypertension with ischemic stroke
Hypertension with acute subarachnoid hemorrhage
Head trauma with or without subdural hematoma

Cardiovascular system

Hypertension with myocardial infarction
Hypertension with unstable angina
Dissecting aortic aneurysm
Hypertension with congestive heart failure
Hypertension after coronary artery bypass graft surgery

Retina

Grade III Keith-Wagner retinopathy—exudates or flame
hemorrhages

Grade IV Keith-Wagner retinopathy—papilledema

Miscellaneous

Eclampsia
Dissecting renal artery
Adrenergic crisis (pheochromocytoma, cocaine, monoamine-

oxidase inhibitors with tyramine interactions, hyperthyroidism)

Figure 48.1 Effects of malignant or accelerated hypertension on the retina. A. The fundus shows
marked hemorrhage and infarction. B. The fundus shows loss of integrity of the optic disc with pa-
pilledema. These findings on physical examination indicate acute target injury regardless of the level
of blood pressure.

A B

examination should focus on signs of acute end organ dam-
age. Examinations that should be expedited are funduscopic
(flame hemorrhages, exudates, and papilledema; Figure
48.1 A, B), cardiovascular (S3 gallop, rales, or new regurgi-
tant murmur), renal (abdominal or flank tenderness associ-
ated with a dissecting artery), and neurologic (focal signs).
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bruit, significant peripheral vascular disease, worsening re-
nal function on an angiotensin-converting enzyme in-
hibitor, or severe flank pain, all of which may be signs of
renovascular hypertension, including renal artery dissection
(Figure 48.2). Unprovoked hypokalemia during the course
of hospitalization should be evaluated by obtaining paired
serum aldosterone and plasma renin activity measure-
ments, though hyperaldosteronism only rarely presents
with severe, accelerated hypertension.

Indications for Hospitalization

A spectrum of clinical manifestations warrants emergent
treatment and hospitalization (Figure 48.3). Patients who
present with severe elevations in blood pressure but who
have no evidence of acute target organ damage and appear
to be reliable usually do not require hospitalization; they
can be managed as outpatients with careful and early fol-
low-up (within 10 days after the initial presentation).

Initial Therapy

Hypertensive emergencies should be treated in an inten-
sively monitored environment. In a patient with suspected
hypertensive encephalopathy, therapy should be instituted
immediately prior to any diagnostic testing other than an
electrocardiogram. Placement of an arterial line is appro-
priate in individuals for whom continuous readings are
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Figure 48.2 Aortogram in a young man who presented with ma-
lignant hypertension, seizures, and hematuria. The right renal
artery shows an acute and spontaneous dissection that led to right
renal ischemia/infarction and renin-dependent hypertension. Ini-
tially, blood pressure was controlled with intravenous enalaprilat
and labetalol. This patient later underwent right nephrectomy and
has been normotensive for 6 years postoperatively.

necessary. However, most patients can be managed with
noninvasive blood pressure recorders or traditional sphyg-
momanometry. Ideal drug therapies are medications that
have a rapid onset of action, are short-acting and easy to
titrate, have a predictable dose-response curve with mini-
mal side effects (in particular, they do not alter the patient’s
mental status), and do not induce significant reductions in
cerebral, renal, or coronary blood flow.

Blood pressure reduction should be performed quickly
but with caution so as not to alter cerebral blood flow too
rapidly and cause deterioration of neurologic symptoms.
Normalization of blood pressure need not be achieved and
should not be the aim of therapy for hypertensive urgency or
emergency. Cerebral autoregulation of blood flow in nor-
motensive patients occurs between mean arterial pressures
(MAPs) of 50–150 mm Hg (MAP � diastolic blood pres-
sure � 1/3 [systolic blood pressure � diastolic blood pres-
sure]). If blood pressure falls below the lower limit of au-
toregulation (typically 25% below the pretreatment
MAP), the brain extracts more oxygen from the circulation
to compensate for the reduction in blood flow until a
point may be reached at which ischemic damage ensues.
The dangers of precipitously lowering the blood pressure
include serious complications such as blindness, stroke,
coma, or even death.

In elderly hypertensive patients and patients with cere-
brovascular disease, adaptive changes in cerebral blood
flow cause higher MAPs to become the lower limit of au-
toregulation (Figure 48.4). Hence, care should be taken to
avoid marked reductions that dangerously reduce blood
pressure below that lower-limit set point for autoregula-
tion. Intravenous medication is recommended initially ei-
ther by constant infusion or by repeated small injections
to give a rapid pharmacologic onset and a controlled du-
ration of action (Table 48.2). The general consensus is
that the blood pressure reduction for the first several hours
should not be by more than 20% of the resting MAP that is ob-
served on admission. During this time, neurologic status
should be closely monitored; if it deteriorates, the rate of
administration of the antihypertensive drug should be re-
duced to allow the MAP to recover. Although certain con-
ditions of ongoing end-organ damage may demand a
more rapid reduction in blood pressure (e.g., cardiac
ischemia, aortic dissection, pulmonary edema, and hyper-
tensive encephalopathy), the physician should be cog-
nizant of the patient’s neurologic status at all times.

Specific Drug Therapies

Sodium nitroprusside, a potent vasodilator and venodilator,
is the time-tested drug for management of hypertensive
emergencies, because of its high (80%) rate of efficacy.
However, hypotension, reflex tachycardia, and thiocyanate
toxicity are clinically significant adverse effects of this drug.
Thiocyanate toxicity is more likely to occur in patients with
renal insufficiency, prolonged use (�48 hours) of the
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medication, and plasma thiocyanate levels exceeding 1.7
mmol/L (3). Manifestations of the toxicity include nausea,
vomiting, headache, delirium, and psychosis. Infusion
rates of sodium nitroprusside need to be started at 0.1–
0.2 mcg/kg/min and meticulously monitored; maximal
rates of infusion are 2.0 mcg/kg/min.

Fenoldopam is a newer intravenous dopaminergic ago-
nist that dilates most vascular beds but has its greatest ef-
fects in the splanchnic and renal vessels. Thus, it is a po-
tent renal and systemic vasodilator that lowers the MAP
promptly and smoothly, comparable to the effects of
sodium nitroprusside (4). Unlike sodium nitroprusside,
fenoldopam does not cause as large an increase in heart
rate, because of its limited action on �- and �-agonist re-
ceptors. In addition, fenoldopam is associated with a na-
triuresis that makes it useful for patients with heart failure
or renal failure and that may obviate the need for a loop
diuretic in some patients (5). Despite these small advan-
tages, sodium nitroprusside remains the first line agent in
most settings, in large part because it is substantially less
expensive.
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Figure 48.4 Autoregulation of cerebral blood flow. Cerebral
blood flow is autoregulated as a protective mechanism. However,
if systemic arterial pressure is accelerated to extremely high val-
ues, this autoregulatory process is lost and cerebral edema may
occur. Loss of autoregulation in normotensive individuals occurs
at lower levels of systemic mean arterial pressure than in hyper-
tensive patients.

Severely elevated blood pressure/suspected emergency

Ongoing target end-organ damage 
• Papilledema/retinal hemorrhage
• Coronary ischemia/CHF
• Worsening renal insufficiency
• Encephalopathy/stroke

Short stay admission
• PO medications

Yes

ICU admission
• Parenteral medication
• ECG/blood work 

No

• Uncontrolled epistaxis
• Sympathetic surge from
   determinable cause
• Non-compliant patient

PO medication in Emergency
Department 
Follow-up in clinic within week
  • R/O pain/anxiety (especially in
     post-operative cases)
  • Ensure accurate BP reading

YesNo

Figure 48.3 Triage of the severely hypertensive patient. The presence of severe and acute target
organ injury requires admission to a critical care unit, laboratory evaluation, and immediate or nearly
immediate blood pressure lowering with parenteral therapy. Severely hypertensive patients with symp-
toms who lack overt target organ injury should be placed in observation units until stable. Most other
patients with severe hypertension can be managed with close follow-up in the ambulatory setting. BP,
blood pressure; CHF, congestive heart failure; ECG, electrocardiogram; ICU, intensive care unit; PO,
oral.
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Patients who present with specific causes of hyperten-
sive urgencies and emergencies may benefit from specific
types of medications (Table 48.3) (6, 7). Labetalol, an �-
and �-blocker, is especially useful in patients with ischemic
heart disease. Labetalol or pure �-blockers are also indi-
cated to control or reverse the reflex tachycardia often
induced by nitroprusside. Although nitroglycerin is not
generally as effective as nitroprusside, it may be prefer-
able in patients with unstable angina or myocardial infarc-
tion because it better maintains blood flow to ischemic
myocardium.

Diuretics should be administered only if fluid overload is
evident on examination. If diuretics are administered to hy-
pertensive patients who are volume-depleted, they cause
more harm (such as a precipitous drop in blood pressure)
than benefit.

Nifedipine has an unreliable dose-response curve and is
not recommended for urgent or emergent hypertension.
The once-popular use of sublingual nifedipine, in particu-
lar, is dangerous and should be abandoned.

Indications for Early Consultation

A consultant is not always necessary unless there is failure
to respond to initial therapy or an issue regarding the ap-
propriate diagnostic evaluation. In some cases, cardiology,
nephrology, or neurology consultation may be appropriate
depending on the primary manifestations of target organ
injury.

ISSUES DURING HOSPITALIZATION

As with many other medical emergencies, the initial ther-
apy is of great importance. The patient should be kept fast-
ing in view of possible pending procedures or because of
suboptimal or wavering mental status. The patient should
remain in the ICU for approximately 24–48 hours before
transfer to a regular medical floor. The critical care pathway
for each patient must be individualized according to the
type of end-organ damage involved. For example, a patient
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TABLE 48.3
ORGAN-SPECIFIC DISEASE AND THERAPY

Incidence Recommended Medications to be
End-organ damage (%) (6) treatment avoided

Cerebral infarction 24.5 No treatment (7), SNP, Clonidine and �-
fenoldopam, methyldopa (because of
labetalol central nervous system

depression)
Encephalopathy 16.3 SNP, fenoldopam, Clonidine and �-

labetalol methyldopa
Intracerebral/ 4.5 No treatment (6), SNP, Clonidine and �-

subarachnoid fenoldopam, methyldopa
hemorrhage labetalol

Myocardial ischemia/ 12.0 NTG, labetalol, SNP, Hydralazine, diazoxide,
infarction fenoldopam minoxidil

Acute pulmonary 14.3 Fenoldopam, SNP with Hydralazine, diazoxide,
edema loop diuretic, NTG minoxidil

with loop diuretic
Aortic dissection 2.0 Hydralazine, diazoxide,

aortic valve and arch Surgery minoxidil
beyond aortic arch SNP with �-blocker,

labetalol
Eclampsia 4.5 Labetalol, hydralazine, Diuretics, �-blockers,

calcium channel trimethaphan, angiotensin-
blockers, diazoxide converting enzyme 

inhibitor
Acute renal failure NA Fenoldopam, labetalol, �-blocker (reduce

and SNP (with glomerular filtration rate),
caution) trimethaphan

Keith–Wagner NA Fenoldopam, SNP, Clonidine, �-
III/IV changes labetalol, calcium- methyldopa, 
(Figure 48.1) channel blockers �-blockers

Microangiopathic NA Fenoldopam, SNP, �-blockers
hemolytic anemia labetalol, calcium-

channel blockers

NA, not available; NTG, nitroglycerin; SNP, sodium nitroprusside.
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with myocardial ischemia or infarction follows a specific
pathway that addresses blood pressure reduction in the face
of ischemia and potential left-ventricular dysfunction. Fail-
ure to respond to common therapies should always alert
the physician to the possibility of secondary forms of hy-
pertension (Table 48.4).

Although blood pressure need not be normalized prior
to discharge, there should be substantial improvement in
blood pressure and reversal or stabilization of target organ
damage. Inpatient education is essential, as most patients
are either newly diagnosed or noncompliant. Emphasis
should be placed on the fact that medications are likely to
be required for the rest of the patient’s life, with grave dan-
ger of repeated cardiovascular or cerebrovascular insults if
the patient is noncompliant. Detailed written instructions
regarding discharge medications should be reviewed with
the patient and family. Long-acting drugs with once- or
twice-a-day dosing promote compliance.

Patient-directed home blood pressure monitoring using
automated devices should be strongly considered. These
devices facilitate the management of the hypertension and
require the patient to take more responsibility for his or her
care. If home monitoring is not an option (i.e., because of
lack of patient motivation or resources), other mechanisms
may be established to assist in blood pressure monitoring.
Early follow-up (within 2–10 days) is recommended after
discharge.

ASSESSMENT AND MANAGEMENT OF
A PATIENT WITH “URGENT”
HYPERTENSION DURING A
HOSPITALIZATION

The initial evaluation of an urgently hypertensive patient al-
ready admitted to the hospital is similar to the evaluation
for an outpatient. The most common in-hospital scenario is
the postoperative patient. Severe hypertension can occur as
the patient awakens and as the discontinuation of positive
pressure ventilation permits a sudden increase in venous re-
turn. Preferred medications in the postoperative period
include intravenous labetalol or enalaprilat in repeated
scheduled bolus injections. Transdermal clonidine is also a
practical option but takes 1–2 days before blood pressure is
effectively lowered. Nifedipine capsules and hydralazine are
not recommended. Analgesia should be a priority because
excessive sympathetic nervous system activity associated
with pain often increases blood pressure and heart rate.

Another type of urgent hypertension encountered in the
hospital is seen in post-transplant patients receiving im-
munotherapy (high-dosage corticosteroids or cyclosporine)
who develop elevations in the blood pressure secondary to
their disease processes or treatment. Elevations in blood
pressure may demand urgent attention, because of severe
accompanying thrombocytopenia. Volume status should
be evaluated, as fluid overload is common in these patients
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TABLE 48.4
WHAT TO THINK ABOUT IF THE PATIENT FAILS TO IMPROVE AS EXPECTED

Causes Indicators Tests Treatment

Secondary HTN
Pheochromocytoma

Renal-artery
stenosis/dissection
(Figure 48.2)

Hyperaldosteronism

Use of drugs 
(e.g., cocaine)

Problems with the
delivery system

Flushing, palpitations, persistant
tachycardia, episodic/severe
elevations in blood pressure,
worsening on �-blockers
alone, significant improvement
on �-blockers

Abdominal bruit, flank pain;
premorbid indicators: AODM,
PVD, smoking
Hypercholesterolemia

Persistent/unprovoked hy-
pokalemia

Hyperthermia, mydriasis,
agitation, chest pain, nasal
mucosal injury/lesions

Ensure adequate dosing—errors
commonly made with IV
infusions

Light-resistant system for sodium
nitroprusside

Special tubing for IV nitroglycerin

24-h urine for catecholamines,
magnetic resonance imaging of
adrenal gland with “light bulb”
effect on T2-weighted images

Plasma renin activity, captopril
renal scan, renal arteriogram

Plasma renin activity
Serum and urine aldosterone 

Urine toxicology screen

Check infusion concentrations and
rates

�-blockers, �-blockers if
tachycardic, surgery

Angiotensin-converting enzyme
inhibitor, angioplasty, surgery

Medication: spironolactone, 
eplerenone, amiloride

Surgery (if adenoma)
�- and �-blockers in

combination

Improve delivery system
(Chapter 21)

AODM, adult-onset diabetes mellitus; BP, blood pressure; dp/dt, change in pressure per change in time; IM, intramuscular; IV, intravenous;
MAO, monoamine oxide; MI, myocardial infarction; PVD, peripheral vascular disease.
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and responds well to loop diuretics. Cyclosporine produces
widespread vasoconstriction and severe hypertension that
responds best to dihydropyridine calcium channel blockers
(e.g., nifedipine, amlodipine, nicardipine). By comparison,
verapamil and diltiazem increase cyclosporine levels and
may precipitate hepatotoxicity and nephrotoxicity; they
should not be used in this setting. If the patient is unable to
take medication orally, intravenous nicardipine is preferred.
Angiotensin-converting enzyme inhibitors typically pro-
duce a limited response because the renin-angiotensin sys-
tem is already suppressed (9). Labetalol may be used alone
or in combination with the dihydropyridines.

COST CONSIDERATIONS

A patient with a hypertensive emergency can incur a signif-
icant cost, primarily because of the ICU stay in the initial
24–48 hours. Of note, fenoldopam is 25–50 times more
expensive than sodium nitroprusside or labetalol. Of
course, the most cost-effective maneuver is prevention,
which is best assured by patient education and adherence
to chronic antihypertensive therapy.

KEY POINTS

■ Hypertensive emergencies are diagnosed not on the ab-
solute blood pressure value but by clinical evidence for
acute target-organ damage.

■ Hypertensive urgencies can be managed as an outpatient
with vigilant follow-up.

■ Treatment should be immediate and not be delayed
while awaiting laboratory results.

■ The goal of initial therapy is to reduce blood pressure by
20% of the original MAP and not necessarily to achieve
a normal (�140/90 mm Hg) blood pressure rapidly.

■ Fenoldopam, a parenteral dopamine-1 agonist, is as ef-
fective as sodium nitroprusside and induces less reduc-
tion in renal blood flow; however, it is much more costly.

■ Short-acting nifedipine is not indicated or approved by
the U.S. Food and Drug Administration for hypertensive

urgencies or emergencies and may cause excessive hy-
potension.

■ Patient education regarding lifelong therapy and com-
pliance should be started in the hospital, because of the
significant morbidity and mortality rates associated with
the disease.
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Aortic Intramural

Hematoma and 

Dissection
Lee Goldman

INTRODUCTION

Diseases of the aorta include intramural hematoma, aortic
dissection, and aneurysms of the thoracic and abdominal
aorta. Hematoma or dissection can involve the ascending
aorta, aortic arch, or descending aorta. Because not all aor-
tic hematomas or dissections result in aneurysmal dilata-
tion of the aorta, the terms aortic intramural hematoma and
dissection are preferred to “dissecting aneurysm”. Aneurysms
of the thoracic and especially the abdominal aorta com-
monly occur in the absence of dissection; such aneurysms
are discussed in Chapter 50. The key clinical challenges are
to suspect aortic hematomas and dissection from the pa-
tient’s symptoms, to diagnose them expeditiously, and to
treat the patient rapidly and appropriately.

AORTIC DISSECTION AND 
INTRAMURAL HEMATOMA

In dissection of the aorta, there is a sudden tearing of the in-
tima of the aorta, with communication between the false
and the true aortic lumens (Figure 49.1). The phasic aortic
pressure waves then are delivered directly into the false lu-
men, tearing the media down the aorta, compromising ar-
terial branches that arise from it, and creating ischemia of
organs and tissues that these vessels supply. With external
rupture of the adventitia, there is hemorrhage and, fre-
quently, rapid death. Intramural hematoma is also a

potentially lethal condition because of the possibility of
additional hemorrhage within the arterial wall, which is
thought to be most commonly caused by rupture of the
vasa vasorum. Although no intimal tear is initially present,
the hematoma can extend to compromise distal vessels and
the organs they supply. It can also rupture either into the
lumen, hence becoming a more typical aortic dissection, or
externally. In 10% of patients who die, only an intramural
hematoma is found. These patients, who are increasingly
diagnosed by noninvasive imaging, would be missed by
angiography because they lack an intimal tear. The increas-
ing recognition of intramural hematomas suggests that, in
many patients with aortic dissection, formation of the
hematoma is the initial event (i.e., it precedes tearing of the
abnormal media and later rupture into the aortic lumen).
In some patients, however, it is still possible that the initial
event is an intimal tear.

The clinical picture is determined by the organs made is-
chemic by compromised blood vessels and by the place at
which an aortic rupture occurs. Proximal hematomas and dis-
sections involve the ascending aorta with or without distal
dissection; distal hematomas or dissections are defined as
those that do not involve the ascending aorta.

Because the driving force for dissection is the left-
ventricular systolic pressure, the rate of rise of the aortic
pressure (dP/dt) and the aortic systolic pressure itself are
the two major determinants of progression. It is common
for dissection to proceed and suddenly stop, only to begin
again.

49
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Figure 49.1 Angiogram in the left anterior oblique view, injec-
tion into the left ventricle. The catheter is passed through a patent
foramen ovale into the left atrium and then into the left ventricle.
The patient is a 62-year-old nurse with severe anterior chest pain.
The angiogram shows a proximal dissection with the false lumen
less opacified than the true lumen. Notice the radiolucent flap of
the dissected aorta with contrast on both sides (black arrowhead );
this finding is pathognomonic of aortic dissection. The total aortic
diameter is normal, not aneurysmal, and the true lumen is com-
pressed.

Issues at the Time of Admission

Clinical Presentation

Hematomas and dissection of the aorta are seen most com-
monly in the fifth through the seventh decades of life. They
occur twice as often in men as in women, and most patients
have a history of hypertension or are hypertensive. In
younger patients, dissection usually is seen either with a
connective tissue disorder, commonly Marfan’s syndrome
or Turner’s syndrome, or in women in association with a
pregnancy. Other disorders that predispose to aortic dissec-
tion include bicuspid aortic valve, coarctation of the aorta,
and, to a much lesser degree, aortic stenosis.

The most common presenting symptom for intramural
hematoma and dissection is pain, which occurs in about
90% of cases (1–3) (Table 49.1). The pain, which usually is
described as sudden in onset and extremely severe, often is
described as “tearing” or “ripping”. It usually occurs in or
radiates into the regions in which the aorta is involved. The
pain is frequently in the anterior precordium or substernal
area and, less frequently, in the interscapular area, the epi-
gastrium, and the lumbar region.

Frequently the pain mimics that of an acute myocardial
infarction. Features that help to distinguish an aortic dis-
section are that the pain frequently begins abruptly at its
maximum degree without the gradual build-up in severity
seen with an acute myocardial infarction, and that the pain
can start in one or more locations and move from one area
to another as the aortic dissection progresses (Chapters 35
and 38). At times, the prominent symptom of dissection is
that of a myocardial infarction (caused by occlusion of an
arterial branch), abdominal or back pain (caused by
splenic or renal artery occlusion), or arm or leg pain
(caused by subclavian artery or femoral artery occlusion).

In the minority of patients in whom pain is not a promi-
nent feature, neurologic involvement is common and may
explain the absence of pain. A classic stroke can occur. Al-
ternatively, the patient may present with syncope, which
can be neurologic or can signify acute cardiac tamponade
resulting from rupture of the ascending aorta into the peri-
cardial sac (Chapters 44 and 46).

The final event is the external rupture. Because the proxi-
mal two-thirds of the ascending aorta is intrapericardial,
there is no external compression on the adventitia; cardiac
tamponade occurs rapidly and is usually fatal. The next
most frequent site of rupture, the descending thoracic aorta,
results in mediastinal hematoma or bleeding into the left
pleural cavity causing a left pleural effusion. Rupture also
can occur retroperitoneally or into the abdominal cavity.

On physical examination, the classic description is the
patient with chest pain or back pain who is pale and
sweaty, appears to be in shock, and sometimes has elevated
blood pressure. In proximal dissection, aortic regurgitation
occurs about half the time. Because the dissection spirals
around the aorta and because some of the vessels are sup-
plied from the false lumen, about 30% of patients have
arterial pulse deficits. As the intramural hematoma pro-
gresses, the pressure in the false lumen can change
abruptly, decreasing compression of the true lumen as the
false lumen collapses; as a result, arterial pulses may be pre-
sent at one time and absent at the next examination.

Younger patients with dissection are more likely to have
Marfan’s syndrome, a bicuspid aortic valve, or prior aortic
surgery, and less likely to be hypertensive (4). Older pa-
tients are more likely to have hypertension, known
atherosclerosis, and a prior aortic aneurysm (5).

Differential Diagnosis and Initial Evaluation

If aortic dissection is suspected clinically, immediate evalu-
ation is required. In about 65% of patients, the chest ra-
diograph is abnormal, with dilatation of the ascending
aorta, dilatation of the aortic knob, or lateral bowing of the
descending aorta (Figure 49.2). However, all these findings
are relatively common in elderly patients without dissec-
tion because they can result from atherosclerosis with
lengthening and uncoiling of the aorta. Overall, the finding
of an enlarged aorta on the chest radiograph increases the
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TABLE 49.1
PREVALENCE OF PRESENTING FINDINGS IN AORTIC DISSECTION

Pooled series 
Reference 1 Reference 2 (reference 3)

History

Hypertension 72% 64%
Marfan syndrome 5% 5%
Prior cardiac surgery 19%
Caused by angioplasty or 4%

coronary bypass surgery

Pain

Any 96% 90%
Abrupt onset 85% 79% 84%
Severe or worst ever 91% 86% 90%
Tearing or ripping 51% 62% 39%
Anterior chest 61% 76% 57%
Posterior chest 36% 50% 32%
Back 53% 32%

Physical Exam

Hypertensive 49% 41% 49%
Aortic insufficiency 32% 40% 20%
Pulse deficit 15% 38% 31%

Chest Radiograph

Widened mediastinum 62% 64%
• in ascending dissection 63%
• in descending dissection 56%

likelihood of dissection two-fold, but the absence of en-
largement does not exclude dissection.

With transesophageal echocardiography, it is possible
to visualize the entire ascending aorta, part of the arch,
and the entire descending thoracic aorta (Figure 49.3). CT
with contrast, especially spiral CT, can picture the entire
aorta from the origin to the iliac bifurcation. Magnetic res-
onance imaging (MRI) provides an excellent view of the
entire aorta without the use of contrast (Figure 49.4).
Whereas in classic dissection the key finding is the intimal
flap, in intramural hematoma, the characteristic appear-
ance is that of high signal intensity in the aortic wall (Fig-
ure 49.5). With MRI, however, the imaging time is longer
and the patient is relatively inaccessible to treatment dur-
ing imaging.

Because each of these techniques has about the same
sensitivity and specificity (both about 95%) for dissection,
if one study is negative and there is still strong suspicion
that the patient has aortic dissection, a second imaging
technique should be used. If, however, suspicion is low–to
moderate for aortic dissection, then a negative study is suf-
ficient to exclude the diagnosis (Chapter 6). Angiography is

Figure 49.2 Chest radiograph, posteroanterior view. A 70-year-
old man entered the hospital with tearing anterior chest pain. No-
tice the large aortic knob. The open black arrow indicates intimal
calcification. The small white arrow indicates the outside wall of the
aorta. The 6-mm thickness of the aortic wall between the arrows is
consistent with blood in the false lumen of an aortic dissection.
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Figure 49.3 Transesophageal echocardiogram, long axis view.
Small arrows indicate aortic leaflets, the large arrow indicates inti-
mal flap in the ascending aorta just above the sinus of valsalva. A,
left atrium; V, left ventricle.

Figure 49.4 Magnetic resonance imaging; horizontal section at
the level of the ascending aorta and the right pulmonary artery as
it passes posterior to the ascending aorta. The large arrow indi-
cates dissected intimal flap in the ascending aorta; the small arrow
indicates dissected intimal flap in the descending aorta. This pa-
tient had a proximal aortic dissection. r, right pulmonary artery.

Figure 49.5 An aortic intramural aortic hematoma. In the acute
phase, MRI shows a high signal intensity suggestive of intramural
hematoma. Top, sagittal view demonstrates the hematoma in the
upper and middle third of the descending thoracic aorta; bottom,
the intramural hematoma is seen as a crescent in the axial view. This
particular hematoma, which was observed without surgical treat-
ment, later progressed (over 4 years of follow-up) to localized dis-
section and formation of a pseudoaneurysm.

(Reprinted with permission from Evangelista A, Dominguez R, Se-
bastia C, et al. Long-term follow-up of aortic intramural hematoma:
predictors of outcome. Circulation 2003;108:583–589).

not the gold standard because its sensitivity is too low for dis-
section and it is not good at detecting intramural
hematoma.

Indications for Hospitalization

All patients with suspected acute or chronic aortic dissec-
tions, either proximal or distal, should be admitted to the
hospital unless the diagnosis can be excluded effectively by
an evaluation in the emergency department. It is critical
that blood pressure be lowered aggressively and that the

26410 ch 049  3/11/05  3:51 PM  Page 474



diluted to a concentration of no more than 10 mg/mL be-
cause of venous irritation. An initial inravenous loading
dose of 0.5 mg/kg is given over 1 min, followed by an infu-
sion of 0.05 mg/kg/min. The infusion rate can be increased
every 4 minutes by 0.05 mg/kg/min, up to 0.3 mg/kg/min.
If �-blockers alone do not reduce systolic blood pressure to
100–110 mm Hg, intravenous nitroprusside should be
added to reduce blood pressure promptly, starting at 0.5
mcg/kg/min and increasing gradually up to 10 mcg/kg/min
until the target blood pressure is achieved.

Patients with proximal aortic dissections have a high risk
of early life-threatening complications (Table 49.2) and
should undergo immediate operative repair unless there are
absolute contraindications. Risk factors for death include
age over 70 years, abrupt onset of pain, renal failure, abnor-
mal electrocardiogram, a pulse deficit, or the presence of
hypotension, pericardial tamponade, or shock (6). For prox-
imal intramural hematomas, resorption without progression
to clinical complications may occur in half to two-thirds of
patients (7, 8). Although the likelihood of progressive dis-
section or other complications is lower than in patients with
hematoma than in those who initially present with a frank
dissection (particularly in patients with smaller hematomas
and normal aortic dimensions) (9, 10), the 25%–50% risk
of progression has led many experts to recommend early
surgery. However, a strategy of serial follow-up imaging
studies, with surgery reserved for those who progress, may
be a reasonable alternative, especially in patients who are el-
derly or have comorbid conditions that increase the risk of
surgery (11, 12). For distal hematomas or dissections, med-
ical management is reasonable if there are no secondary
complications and the aorta stabilizes without marked di-
latation, especially if the patient has severe coronary artery
disease; otherwise, surgical repair is indicated.

The goal of surgery for dissection is to eliminate the
proximal intimal tear, at which most of the external
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patient be placed on �-blockers to eliminate reflex sympa-
thetic stimulation while the diagnosis is being actively con-
sidered and until it has been excluded.

Indications for Initial Intensive Care 
Unit Admission

An ICU admission is indicated in patients with proximal
aortic intramural hematomas or dissections if they cannot
be taken immediately to the operating room from the
emergency department. In patients with distal hematomas
or dissections, ICU admission is required if there is ongo-
ing pain, ischemia of vital organs, or other complications.
In most hospitals, ICU care is indicated to monitor the in-
travenous medications or intra-arterial catheters required
to achieve strict blood pressure control; in some hospitals,
however, a step-down unit may suffice if blood pressure
control has been achieved rapidly and if nursing capabili-
ties are sufficient to monitor intravenous medications and
blood pressure.

Treatment

While the diagnosis is being established, all patients should
be started on �-blockers and, if needed, vasodilators, unless there
is an absolute contraindication. Intravenous morphine
should be given for pain relief. Labetolol, a combined al-
pha- and �-blocker, is an excellent first choice as an IV bo-
lus of 5–10 mg followed by 0.5–2 mg/min. Alternatively,
propanolol is administered intravenously in 0.5-mg incre-
ments at 1- to 5-minute intervals until target blood pressure
of 100–110 mm Hg is reached or a total dose of 0.15 mg/kg
of body weight has been given. Alternatively, metoprolol
can be given intravenously as 5 mg every 5 minutes for 3
doses, then 25–50 mg 3 times per day orally. Intravenous
esmolol has a rapid onset and offset of action; it must be

TABLE 49.2
IN-HOSPITAL COMPLICATIONS AND MORTALITY RATES IN PROXIMAL
AORTIC DISSECTION

Pulse deficit(s) Pulse deficit(s)
In-hospital complications present absent P

Mortality 41.1 24.7 �0.0001
Any neurologic deficits 35.1 11.2 �0.0001
Coma/altered consciousness 26.8 9.1 �0.0001
Myocardial ischemia/infarction 8.9 11.1 0.47
Mesenteric ischemia/infarction 4.8 3.0 0.34
Acute renal failure 10.3 4.6 0.009
Hypotension 34.5 22.4 0.006
Cardiac tamponade 20.1 15.5 0.21
Limb ischemia 28.8 2.1 �0.0001

Values are given as percentages.
From Nienaber CA and Eagle KA. Aortic dissection diagnosis and management: Part I. From etiology to
diagnostic strategies. Circulation 2003;108:628–35.
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ruptures occur, and to close the false channel at this site.
For ascending aortic dissections, surgery usually involves
transection of the aorta at the proximal level of the dissec-
tion while on cardiopulmonary bypass, obliteration of the
false lumen by suturing its inner and outer walls, and place-
ment of a graft beyond the dissected aorta to the takeoff of
the innominate artery (13, 14). If the aortic valve is pro-
lapsed, it can be successfully resuspended by sewing the
commissures to the proximal graft. Other patients may re-
quire a prosthetic valve or, if the dissection extends into the
sinuses of Valsalva, a composite tube graft with an aortic
valve and reimplantation of the coronary arteries. The like-
lihood of being alive without further events with medical
management can be as high as 70% at 8 years for distal dis-
sections (15), but is less than 50% at 5 years and only about
20% at 10 years for proximal dissection (16).

In the open surgical option for distal dissections, the
aorta is transected proximal to the intimal tear, the false lu-
men is obliterated by suturing, and an interposed tube graft
is placed. If the aortic dissection is chronic, then the inter-
posed graft is sewed to the outer wall to allow the false lu-
men to be perfused in case important arteries might arise
totally from the false lumen. Alternatively, endovascular
exclusion and/or closure of the entry tear has been reported
to have excellent results at 2–3 years for distal dissections in
experienced centers (17, 18).

The surgical mortality rate in nonruptured aortic dissec-
tion is between 10% and 15%. By comparison, the in-
hospital mortality rate after endovascular repair of distal
dissections is reported to be about 4%.

Indications for Early Consultation

All patients with suspected or proven aortic intramural
hematoma or dissection should have early consultation with
a cardiologist to aid in diagnosis. As soon as there is strong
supportive evidence from any testing modality, consultation
with a cardiothoracic surgeon is mandatory. In hospitals
without cardiothoracic surgery capabilities, arrangements
should be made urgently to transfer the patient to a hospital
with such capabilities as soon as the diagnosis is established.

Issues During the Course of Hospitalization

For aortic intramural hematomas or dissections that do not
involve the ascending aorta or the aortic arch and are clas-
sified as distal dissections, outcomes are generally compa-
rable for medical and surgical therapy. Surgical therapy can
be reserved for patients with continued expansion of the
aneurysm, uncontrolled pain, ongoing ischemia of organs
supplied by compromised vessels, or saccular aneurysm
formation. If observation is chosen for proximal intramu-
ral hematoma, observation and treatment in the hospital is
similar as for distal dissections. Surgery is also recom-
mended for patients with dissections resulting from Marfan
syndrome, regardless of the location.

Some patients may be diagnosed as having “chronic”
dissection of either the proximal or distal aorta. These pa-
tients, who are generally defined by being diagnosed more
than 2 weeks after the presumed acute event, are usually
reasonably stable at the time of diagnosis. For chronic
proximal dissections, surgery is generally recommended if
the patient has severe aortic regurgitation, a localized
aneurysm, or symptoms related to compression of
surrounding structures. For chronic distal dissections,
symptoms or aneurysmal enlargement to �6.0 cm are
indications for surgery.

During the hospital phase, blood pressure control is critical.
The long-term goal should be to maintain ambulatory
blood pressure at no more than 110 mm Hg, with an em-
phasis on �-blockers to reduce myocardial contractility. If
�-blockers alone are insufficient, calcium channel blockers,
which also decrease contractility, are recommended. Other
medications utilized in patients with hypertension can be
added as needed, with the exception that �-blockers should
be avoided.

The reemergence of pain generally indicates ongoing
dissection and the failure of medical therapy. In such situ-
ations, aggressive therapy similar to what is recommended
at the time of admission must be instituted. Urgent surgery
commonly is required.

Discharge Issues

Patients generally are ready for discharge after several days
without pain and at least 1 day of desired blood pressure
with oral medications. Plans must be made for careful out-
patient follow-up to ensure strict blood pressure control.
Usually a patient is followed by a cardiovascular specialist.
Follow-up should include a chest radiograph every 3
months for the first year and a contrast CT scan or MRI ev-
ery 6 months for the first 2 years and then annually there-
after. For distal dissections, progressive asymptomatic
growth, especially with persistent blood flow in the false lu-
men, may be an indication for elective surgery (19). Blood
pressure control should generally continue to emphasize �-
blockers and calcium channel blockers, both of which have
negative inotropic properties.

Of patients who survive hospitalization, about 80% sur-
vive for the next 5 years. Long-term complications include
aortic regurgitation (in patients with proximal dissections),
recurrent dissection, or formation of true or false aneurysms.

KEY POINTS

■ Aortic dissection must be considered in any patient with
acute chest pain, especially if it radiates to the back.
Rapid evaluation includes assessment of any pulse or
blood pressure deficits, a chest radiograph, and a sensi-
tive diagnostic test (transesophageal echocardiography,
CT, or MRI).
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■ Aortic dissection requires emergent blood pressure con-
trol and �-adrenergic blockade followed by emergent
surgery for proximal dissections or complicated distal dis-
sections and most proximal intramural hematomas; un-
complicated distal dissections and most chronic dissec-
tions and perhaps some proximal intramural hematomas
can be managed medically.
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Aortic Aneurysm
Frank A. Lederle

INTRODUCTION

Aortic aneurysm can develop anywhere along the course of
the aorta, from the ascending aorta to the iliac bifurca-
tion. The diameter of the aorta gradually decreases so that
the descending thoracic aorta is only about two-thirds the
size of the ascending aorta. The ascending and thoracic
aorta have vessels called vasa vasora to nourish the aortic
wall. As the thoracic aorta becomes the abdominal aorta,
the vasa vasora diminish; nourishment of the abdominal
aortic wall is mainly from the lumenal blood. Because of
the additive effect of transmitted pressure waves and
waves reflected from the aortic bifurcation, systolic aortic
pressure and thus the distending pressure of the aorta are
higher in the abdominal aorta than more proximally. Aor-
tic aneurysms are caused by the distending pressure on
the aortic wall as well as the failure of material compo-
nents of the wall.

Aortic aneurysms can be classified by their geometric
shapes (fusiform [cylindrical] or saccular) and their extent
(focal or diffuse). Aortic aneurysms can also be classified as
false or true aneurysms. True aneurysms involve all three
layers of the aortic wall; false aneurysms are contained aor-
tic ruptures in which the wall of the aneurysm is formed by
the aortic adventitia as well as adherent adjacent tissues
(e.g., pleural and mediastinal).

Most aortic aneurysms result from an idiopathic de-
generative process involving the elastin and collagen of
the arterial media, probably related to matrix metallopro-
teinases released by macrophages (Table 50.1) (1).
Aneurysms of the thoracic aorta also may be caused by
connective tissue diseases, such as Marfan syndrome, or
idiopathic aortitis, such as granulomatous aortitis and
Takayasu’s disease. Prior trauma also can cause a false
aneurysm that usually occurs in the thoracic aorta just be-
yond the takeoff of the left subclavian artery. Syphilitic
aortitis is now uncommon.

Ninety percent of abdominal aneurysms involve the in-
frarenal abdominal aorta, where an aortic diameter greater
than 3.0 cm, as determined by ultrasound or computed to-
mography (CT), is abnormal. In the United States, aortic
aneurysm result in 15,000 deaths per year, including those
resulting from treatment, making it the 15th leading cause of
death. Although thoracic and abdominal aortic aneurysms
are indistinguishable on gross or microscopic pathology,
thoracic aneurysms occur equally in men and women,
whereas abdominal aortic aneurysms are four times more
frequent in men than women. There are also genetic influ-
ences, as demonstrated by the six-fold increase in abdomi-
nal aortic aneurysms in first-degree relatives of patients with
such aneurysms.

AORTIC ANEURYSM AND RUPTURE

Most aneurysms of the thoracic aorta, thoracoabdominal
aorta, and abdominal aorta are totally asymptomatic un-
til they rupture suddenly, at which time they are usually
rapidly fatal. For aortic aneurysms at each of these loca-
tions, patients may present moribund, with refractory hy-
potension resulting from exsanguinating hemorrhage.
Other patients may have pain and an incipient leak,
which permits emergent surgery in a relatively stable pa-
tient. Still others are somewhere on a continuum between
these two extremes. All patients with rupture require
emergent evaluation, to confirm the diagnosis and deter-
mine the site of the leak, and emergent surgical repair.
Surgery after rupture carries a 50% or greater mortality
rate, whereas operation in the asymptomatic patient car-
ries a low mortality rate.

By comparison, other patients may be diagnosed as hav-
ing asymptomatic aortic aneurysms that either require se-
rial follow-up evaluations or are large enough to mandate
semi-elective surgery. These patients normally do not re-

50

26410 ch 050  3/11/05  4:17 PM  Page 479



quire hospitalization or prolongation of an existing hospi-
talization, because most of the preoperative evaluation can
be performed on an outpatient basis.

Non-traumatic aortic rupture is nearly always because of
aneurysm. Dissection nearly always occurs in the thoracic
aorta (Chapter 49). Thus, abdominal aortic aneurysms rup-
ture, whereas thoracic aneurysms can either dissect or rup-
ture with approximately equal frequency (2). The risk of dis-
section is increased by the presence of a thoracic aneurysm,
but about 80% of dissections occur in non-aneurysmal aortas.
Finally, about one-fourth of aortic dissections result in
aneurysm, and chronic aortic dissection is the cause of
about one-fifth of all thoracic aneurysms.

THORACIC AORTIC ANEURYSM

Thoracic aortic aneurysms can involve the aortic root (an-
nuloaortic ectasia), the ascending aorta, the aortic arch, the
descending aorta, and the thoracoabdominal aorta. The
larger the aneurysm is, the higher the risk of leaking or rup-
ture. Thoracic aneurysms are often detected in patients with
a previously diagnosed abdominal aortic aneurysm.

Issues at the Time of Admission

Clinical Presentation

Although most thoracic aortic aneurysms are asymp-
tomatic, ascending aortic aneurysms can cause signs or
symptoms by their pressure on adjacent structures, such as
the superior vena cava. Deep chest pain, described as throb-
bing or aching, is seen if there is erosion of ribs or verte-
brae. Aneurysms of the aortic arch can involve the great
vessels and cause ischemia of the organs they supply.
Aneurysms of the aortic arch also can compress mediastinal

structures, the thoracic spine, or tracheobronchial struc-
tures and cause cough, dyspnea, or tracheal deviation. Pres-
sure on the esophagus may cause dysphagia; stretch of the
left recurrent laryngeal nerve may cause hoarseness.
Aneurysms of descending aorta or thoracoabdominal aorta
rarely compress any structures or cause symptoms until
they rupture.

With rupture of a thoracic aneurysm, there may be mas-
sive cardiac tamponade (ascending aorta) or exsanguinat-
ing hemorrhage, usually into the left pleural cavity, de-
pending on the site. Hemoptysis, sometimes intermittent
over days or weeks, may occur if a descending aortic
aneurysm is adherent to the lung and ruptures into it.

The physical examination is of little help in detecting
thoracic aortic aneurysms unless they are very large or in-
volve the aortic valve (causing aortic regurgitation). By the
time a hemorrhagic pleural effusion can be detected by
physical examination, the patient is usually in extremis.

Differential Diagnosis and Initial Evaluation

The differential diagnosis includes other causes of chest
pain, hypertension, or thoracic mass. Aneurysms usually
are suspected after examination of the chest radiograph:
spherical aneurysms can deform the aortic silhouette, and
cylindrical aneurysms can increase the mediastinal shadow
and simulate a progressive uncoiling of the aorta.

With intimal calcification, which is very common in the
elderly, it is possible to identify the lateral borders of the
aorta and sometimes even the medial border. A calcified
aortic aneurysm can be detected on the plain chest radio-
graph. The diagnosis of a thoracic aneurysm is usually
confirmed by a spiral CT scan, MRI, transesophageal
echocardiography, or aortogram.

Initial Therapy

Aneurysms that produce symptoms or are associated with
bleeding should be treated emergently as impending rup-
ture. The correct management of asymptomatic thoracic
aneurysms is less clear. No randomized trials have com-
pared early elective repair with surveillance, and data on
natural history are limited. Nationwide, elective surgical
treatment of thoracic aortic aneurysms carries a periopera-
tive mortality rate of 20%–25% (3, 4), though centers that
choose to publish their results tend to report much lower
rates. The risks of dissection and rupture increase with the
diameter of the aneurysm. A population-based study from
Olmsted County, Minnesota, found a 5-year rupture risk of
0% for thoracic aneurysms smaller than 4.0 cm in diame-
ter, 16% for those 4.0–6.0 cm, and 31% for those larger
than 6.0 cm (5). The Yale prospective database of 721
patients with thoracic aortic aneurysm reported an annual
rupture or dissection rate of 6.9% (2). Based on these
natural history data, the Yale group has recommended
elective repair of asymptomatic aneurysms larger than
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TABLE 50.1
ETIOLOGY OF AORTIC ANEURYSMS

Smoking
Aortitis
Specific etiology; e.g., syphilis
Unknown etiology
Takayasu’s disease
Granulomatous aortitis
Connective-tissue disease; e.g., Marfan syndrome, Ehlers-Danlos

syndrome
Cystic medial necrosis
Postsurgical
Mycotic aneurysm
Aneurysm associated with coarctation of the aorta
Traumatic aneurysm
Dissection of the aorta
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6.5 cm in the descending thoracic aorta or 5.5 cm in the
ascending aorta. However, these recommendations were
based on a 9% operative mortality in their own series, or
less than half the national average. The authors of the na-
tionwide studies have recommended that these recommen-
dations be re-evaluated (4). Others have recommended
that elective repair be undertaken when the 1-year rupture
risk exceeds the operative mortality (6). Using this crite-
rion, there are insufficient data to recommend elective
repair of thoracic aneurysms of any diameter. Better data,
ideally from randomized trials, will be needed to resolve
this issue.

Elective repair of thoracic aneurysms 5.5–6.5 cm may be
justifiable for patients with Marfan syndrome. Marfan pa-
tients appear to have significantly higher rates of dissection
or rupture, and significantly lower operative mortality rates
(2). In one study of 675 Marfan patients who had aortic
root replacement at a mean age of 34, one-year survival was
93% (7).

In Marfan patients with smaller aneurysms, close
observation is indicated. �-blockers are now widely used
in Marfan patients, though their benefit has not been
proven (8).

Surgical Issues

Annuloaortic ectasia requires replacement of the ascending
aorta with a graft that includes a prosthetic aortic valve and
implantation of the coronary ostia into a site in the graft
above the valve. Ascending aortic aneurysms require re-
placement of the aorta from just above the coronary ostia
to just below the takeoff of the innominate artery. Opera-
tion for aneurysm of the transverse arch is the most difficult
and hazardous because the brain must be perfused while
the aorta is cross-clamped.

One serious potential surgical complication is spinal-
cord injury and paralysis. Thoracoabdominal aneurysms
are more difficult to treat, because both the thoracic and
the abdominal cavities must be entered. The celiac, supe-
rior mesenteric, and renal arteries must be reimplanted in
the graft.

Indications for Hospitalization and Early
Consultation

Patients with leaking or ruptured thoracic aortic aneurysms
usually go directly from the emergency department to
the operating room. An asymptomatic thoracic aortic
aneurysm may require further evaluation, but this evalua-
tion usually does not need to occur emergently and does not
require hospitalization. For patients with asymptomatic
aneurysms, consultation with a cardiologist and often a
vascular surgeon is indicated to guide evaluation and
follow-up.

Issues During the Course of Hospitalization

Adequate blood pressure control may slow progression of
the aneurysm in patients who are not initially managed
surgically. �-blockers and vasodilators are commonly used
for this purpose.

Discharge Issues

For patients with asymptomatic thoracic aortic aneurysms,
the aneurysm itself should not affect discharge decisions
other than by creating a need for appropriate follow-up.
For smaller aneurysms, suitable follow-up should be ar-
ranged, usually at 6-month intervals for 1–2 years and an-
nually thereafter, usually with a CT scan or MRI study.

ABDOMINAL AORTIC ANEURYSM

Issues at the Time of Admission

Clinical Presentation

Any patient who has abdominal or back pain and evidence
of an abdominal aortic aneurysm by imaging study or ab-
dominal paplation could be leaking or rupturing; such pa-
tients must be evaluated and treated emergently. Ruptured
abdominal aortic aneurysms can be surprisingly difficult to
diagnose. Most ruptures occur in previously undiagnosed
abdominal aortic aneurysm, and delays and errors are com-
mon. Physicians can be misled by symptoms of dysfunction
of the gastroiontestinal or genitourinary tracts (due to mass
effect and compromised circulation), leukocytosis, and
preservation of blood pressure and hematocrit, all of which
are characteristic of rupture of an abdominal aortic
aneurysm. If retroperitoneal bleeding has been extensive,
ecchymoses may appear in the skin of the flanks and the lat-
eral abdominal wall. Abdominal aortic aneurysms some-
times can attach to viscera and rupture into the lumen of the
gastrointestinal tract, especially the small intestine, resulting
in an aortoenteric fistula and causing massive gastrointestinal
bleeding. Occasionally, the bleeding can be intermittent and
gradual, simulating a chronic lower gastrointestinal bleed.
After initially successful abdominal aortic aneurysm surgery,
a similar syndrome also is seen in patients who leak adjacent
to the graft months or years later, often in association with a
focal site of bacterial endarteritis.

In some patients, abdominal aortic aneurysms de-
velop layers of mural thrombus that can result in distal
embolization of either thrombus or atheromatous debris,
especially after trauma from a catheter (Chapter 51).
Patients can present with sudden pain or numbness
in the foot or lower leg caused by peripheral ischemia or
with hypertension, hematuria, or renal failure resulting
from atheromatous embolization to the kidney. Livedo
reticularis is often present. As with thoracic aneurysms,
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patients with frank rupture can present with severe or
refractory hypotension resulting from exsanguinating
hemorrhage.

Differential Diagnosis and Initial Evaluation

Asymptomatic abdominal aortic aneurysms are often palpa-
ble, most commonly in men over age 50 who have smoked.
In nonobese patients, it is usually possible to feel pulsation
of the normal abdominal aorta. If the physician places both
hands flat against the abdominal wall on either side of the
palpable aorta and gently compresses the abdominal wall,
the width of the abdominal aorta can be estimated.

Unfortunately, the ability to feel an abdominal aortic
aneurysm is limited by the size of the abdomen. In one
study of 200 patients ages 51–88, half of whom had ab-
dominal aortic aneurysms, sensitivity of abdominal palpa-
tion by examiners unaware of the diagnosis was 91% when
abdominal girth was less than 100 cm but only 53% when
girth was 100 cm or greater (9). No abdominal aortic
aneurysm of 5.0 cm or larger was missed when abdominal
girth was less than 100 cm.

Aneurysms smaller than 4.0 cm in diameter rarely rup-
ture. Aneurysms expand by an average of about 0.3 cm/y,
but expansion is variable from year to year, even in an
individual patient. For aneurysms of 4.0–5.5 cm in diame-
ter that are followed by ultrasound surveillance, the annual
rupture rate is about 1% per year; it is substantially higher
for larger aneurysms.

A lateral abdominal radiograph may show intimal calci-
fication, but abdominal ultrasound is the preferred test,
with a specificity and positive predictive value approaching
100% (Figure 50.1). CT with or without contrast and MRI
provide additional detail for preoperative evaluation.

Indications for Hospitalization

Any patient with a suspected leaking abdominal aortic
aneurysm must be admitted emergently for evaluation.
Commonly, such patients go directly from the emergency
department to the surgical ICU or to the operating room.
Patients with asymptomatic abdominal aortic aneurysms
do not require hospitalization unless the aneurysm is suffi-
ciently large to require surgery.

Initial Therapy

Patients with symptomatic abdominal aneurysms require
immediate hospitalization, emergent diagnostic imaging,
and immediate consultation with a vascular surgeon. Even
as resuscitative efforts begin, patients with ruptured aortic
aneurysms must be taken immediately to the operating
room to control hemorrhage, exclude the aneurysm, and
place a bypass graft. Currently, fluid resuscitation prior to
repair of a ruptured abdominal aortic aneurysm is an area
of controversy. Although fluids may reduce the adverse se-
quellae of shock, they may also cause clot disruption,

hemodilution, and coagulopathy. Although there are no
studies that address this question directly, one large ran-
domized trial of patients with stab wounds and shock
found that preoperative fluid resuscitation significantly in-
creased mortality (10). For preoperative management of
patients with ruptured abdominal aortic aneurysm, resus-
citation to a systolic pressure of 90 mm Hg is sometimes
recommended as a compromise.

The mortality rate once the aneurysm has ruptured is very
high. More than 50% of patients die before reaching the op-
erating room, and operative mortality for open repair re-
mains about 50%, resulting in an 80% overall mortality for
ruptured abdominal aortic aneurysm (11). Endovascular re-
pair is emerging as a potentially important therapy for rup-
tured abdominal aortic aneurysm, sometimes accompanied
by drainage of the retroperitoneal hematoma. In two ran-
domized trials, endovascular repair had a lower operative
mortality and complication rate (12, 13), but long-term
follow-up is not yet available.

Although repair of some type is usually attempted for
ruptured abdominal aortic aneurysm because the alterna-
tive is certain death, the indications for elective repair of an
unruptured abdominal aortic aneurysm must be carefully
weighed against peri-operative risk, especially cardiac risk
(Chapter 30). In the absence of any clinical or electrocar-
diographic evidence of coronary artery disease in an active
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Figure 50.1 Abdominal aortic ultrasound showing a large
abdominal aortic aneurysm 7.5 cm in diameter just distal to the
takeoff of the renal arteries. The open arrow indicates mural throm-
bus. Small scale markers are 0.5 cm.
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patient with good exercise capacity, surgery for abdominal
aortic aneurysm is relatively safe, with low rates of morbid-
ity and mortality from cardiac events. If there is evidence of
coronary artery disease and the patient is stable and has
good exercise tolerance (i.e., can climb two flights of stairs
without difficulty), it is probably safe to proceed to surgery.
If the patient is at high risk (i.e., has decreased left-
ventricular systolic function, signs of heart failure, or my-
ocardial ischemia at low levels of exercise), preoperative
testing (Chapter 30) is indicated. Coronary revasculariza-
tion is not recommended before abdominal aortic surgery
unless the patient has severe coronary disease and would be
a candidate for coronary revascularization independent of
the need for the abdominal aortic surgery (14).

Various surgical and endovascular approaches to elec-
tive repair are associated with operative mortality rates of
about 2%–5%. Surgery does not remove the aneurysm but
rather involves the placement of a prosthesis to connect
normal proximal and distal aortic lumens, either within the
aneurysmal sac itself or adjacent to a ligated and excluded
aneurysmal sac. Alternatively, a stent graft can be placed
into the aneurysmal aorta via the femoral artery. Currently,
these various approaches have reasonably similar success
rates. The endovascular approach may ultimately be pre-
ferred in patients with severe cardiac or pulmonary disease,
although experience with this technique varies from hospi-
tal to hospital, success rates are highly dependent on indi-
vidual operators, and long-term outcomes are unknown.

Indications for Early Consultation

Any patient with suspected leaking from an abdominal aor-
tic aneurysm requires emergent surgical consultation be-
cause of the need for emergent surgery. For patients with
asymptomatic abdominal aortic aneurysms 5.5 cm or
larger, surgical consultation should be obtained to consider
elective surgery.

Issues During the Course of Hospitalization

If a leaking abdominal aortic aneurysm is suspected during
the course of hospitalization, the approach is similar to the
recommendations for a patient who is admitted with ab-
dominal aortic aneurysm rupture. For patients with asymp-
tomatic abdominal aortic aneurysms discovered during
hospitalization, noninvasive testing with ultrasound, or
rarely CT or MRI, should be obtained to determine the
maximum diameter of the aneurysm.

Discharge Issues

For patients who do not undergo surgery, an asymptomatic
aortic aneurysm usually does not prolong hospitalization
unless it is large enough to warrant surgery. Two large ran-
domized trials have evaluated immediate open surgical
repair compared with imaging surveillance every 6 months

in good operative candidates with abdominal aortic
aneurysms of 4.0–5.5 cm in diameter (15, 16). Both studies
reported no survival benefit from immediate repair, thereby
indicating that repair can be deferred until the AAA enlarges
to �5.5 cm. In the Department of Veterans Affairs trial, the
survival trend favored surveillance (versus immediate repair)
regardless of age or the diameter of the aneurysm, despite a
low 30-day operative mortality of 2%. These studies suggest
that the surveillance strategy can reduce the number of elec-
tive abdominal aortic aneurysm repairs in this population by
about 20%. The most likely reason that early repair was not
beneficial in these trials was that the rate of rupture of ab-
dominal aortic aneurysm in patients randomized to surveil-
lance was less than 1% per year. In patients who are at high
operative risk, elective repair may be further deferred until
the abdominal aortic aneurysm enlarges to the point at
which the risk of rupture is thought to warrant the risk of re-
pair. However, patients at high operative risk may also be at
especially high risk for rupture; in a series of 199 such pa-
tients in whom repair was not undertaken because of high
operative risk or because they refused surgery, risk of rupture
was 10% at one year for abdominal aortic aneurysms
5.5–6.9 cm and more than 30% at one year for abdominal
aortic aneurysms �7.0 cm (17). �-blocker therapy does not
slow the rate of growth of abdominal aortic aneurysms and
should not be prescribed for this purpose (18).

KEY POINTS

■ Most thoracic aortic aneurysms are asymptomatic unless
they dissect, rupture, or compress adjacent structures;
elective surgery (at centers of excellence) may be indi-
cated for large thoracic aneurysms.

■ A symptomatic abdominal aortic aneurysm requires
emergent evaluation because such symptoms commonly
indicate leaking and impending rupture.

■ Elective surgical repair is indicated for abdominal aortic
aneurysms at least 5.5 cm in diameter. For aneurysms
smaller than 5.5 cm, surveillance ultrasonography is rec-
ommended, every 6 months for abdominal aortic
aneurysms �4.0 cm, and every 1–2 years for smaller ab-
dominal aortic aneurysms.

■ Careful evaluation is required to assess operative risk
prior to elective aortic aneurysm surgery. 

■ The choice of surgical technique depends on local exper-
tise; endovascular stenting is a new and promising alter-
native to the open surgical approach, especially in
patients with rupture or substantial comorbid cardiac or
pulmonary disease.
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Peripheral Arterial

Disease
Eric P. Brass William R. Hiatt Mark R. Nehler

INTRODUCTION

Peripheral arterial disease (PAD) is an atherosclerotic dis-
ease associated with cardiovascular risk factors (particularly
diabetes and smoking) and aging. Because the Western
population is rapidly aging, an increase in hospitalized pa-
tients with PAD can be anticipated. PAD includes two over-
lapping but distinct pathophysiologic processes. Patients
may present with clinical problems related to chronic,
atherosclerotic PAD, including critical leg ischemia or is-
chemic ulcerations. Alternatively, patients may present
with acute arterial occlusion or insufficiency as a result of em-
bolic or thrombotic events in the arteries supplying the
lower extremities. The majority of hospitalized patients
with acute peripheral arterial problems are suffering seque-
lae of chronic PAD.

The major symptom of PAD is intermittent claudication.
Claudication means to limp, but more specifically it refers
to exercise-induced discomfort in the calf, thigh, or but-
tocks that is reliably brought on by a given level of exer-
cise and relieved within 10 minutes of rest (Chapter 47).
The pain should not begin at rest or with change in posi-
tion. The pathophysiology of claudication is primarily a
supply-demand mismatch, with inadequate oxygen deliv-
ery to meet the metabolic demand of exercising skeletal
muscle.

The prevalence of PAD from a variety of population stud-
ies ranges from 7%–20% in individuals older than 55 years,
although two-thirds of these patients may be asymptomatic
and their disease unrecognized (1). In addition to involving
the vessels in the lower extremity, atherosclerosis is a sys-
temic disease. By clinical history, about 40%–60% of pa-
tients with PAD have had events indicating the presence of
concomitant coronary disease; however, by angiographic

studies, 90% have concomitant, significant coronary dis-
ease and as many as 80% have significant carotid artery dis-
ease. Given these associations, an ankle-brachial index be-
low 0.90 at rest (ABI) (see Chapter 47) has been shown to
be a strong, independent predictor of cardiovascular death.
A number of epidemiologic studies have shown an approx-
imate 4%–5% rate of myocardial infarction, stroke, or vas-
cular mortality per year in patients with claudication. More-
over patients with critical leg ischemia have an annual
mortality of 20%, with 80% of these deaths due to vascular
causes. Thus, inpatient treatment goals for this disorder are
primarily to relieve symptoms and preserve the lower ex-
tremity, as well as to ensure that the greatly increased risk of
cardio- and nuerovascular injury and death in these patients
is subsequently addressed.

The prevalence of intermittent claudication is lower
than that of PAD, as defined by ABI measurements. Based
on a variety of trials, the prevalence of claudication is
�1% in individuals younger than 50 years, 3%–5% in 50-
to 59-year-olds, 5%–10% in 60- to 69-year-olds, and
�10% in those older than 70 years. Males are overrepre-
sented in the claudication population, with a male:female
ratio between 1.5:1 and 2.5:1. However, the gender ratio
is approximately 1:1 when PAD is defined as the presence
of an abnormal ABI. Natural-history studies of patients
with claudication reveal that 75% of individuals have
–stable symptoms if followed over 5 years, and only 25%
–clinically worsen; only 5% require revascularization,
and about 2%–4% will have amputations over the same
5-year period. Thus, most patients with claudication have
a stable natural history and can be managed as outpa-
tients with medical therapies. Progression of disease is
more likely in patients who continue to smoke or who
have diabetes; for example, PAD patients with diabetes are
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2–10 times more likely to progress to amputation than are
PAD patients without diabetes.

Critical leg ischemia is the most severe manifestation of
PAD. Patients with critical leg ischemia by definition have
one or more hemodynamically significant occlusive le-
sions that reduce blood flow to the extremity at rest. This
severe compromise of limb blood flow results in the clini-
cal manifestations of either ischemic rest pain, ischemic
ulceration, or gangrene principally affecting the distal an-
kle and foot. The pathophysiology of critical leg ischemia
is severe blood-oxygen supply-demand mismatch mani-
fest in the resting state, principally involving the skin of
the distal lower extremity. Ischemic rest pain typically oc-
curs at night with the patient supine. The pain progres-
sively becomes more severe and is relieved upon dangling
the foot to augment distal blood flow. Ischemic ulcera-
tions, which principally affect the toes and distal forefoot
or heel, are usually the result of minor trauma in a limb
with a compromised circulation. Ischemic ulcers have dark
necrotic centers and are painful, similar to the ischemic
pain experienced in the remainder of the foot. As ischemic
ulceration progresses, it leads to gangrene, and ultimately
loss of the extremity. Several studies have reported an inci-
dence of critical leg ischemia of approximately 500–1,000
new cases per million adults per year, with an estimated
prevalence between 500,000 and 1,000,000 in the United
States. Seventy-five percent of those affected with critical
leg ischemia are older than 60 years. Patients with critical
leg ischemia have a poor natural history regarding both
limb and life. Without revascularization, the amputation
rate at 3-month follow-up is about 12%, and it may be as
high as 35% at 6 months. The annual mortality rate is ap-
proximately 20% per year (2).

Importantly, some patients with acute arterial insuffi-
ciency are experiencing an embolic or thrombotic occlu-
sion in an otherwise normal arterial circulation (Table
51.1) rather than as a complication of chronic, occlusive
PAD. These patients without chronic arterial insufficiency
have fewer collateral vessels, are less able to tolerate acute
severe ischemia, and are more likely to require amputation
than patients with chronic, occlusive PAD in whom collat-
eral formation is better established. Several studies have
demonstrated that among patients with acute onset of crit-
ical leg ischemia symptoms and no history of PAD, more
than 50% require amputation.

Patients with acute arterial insufficiency or severe, symp-
tomatic chronic PAD should be admitted to the hospital for
possible revascularization procedures in an attempt to re-
lieve claudication or ischemic rest pain, to promote wound
healing, and to prevent amputation. These interventions
also are designed to prevent limb loss and to improve the
functional status of the patient. Since these patients are at
high risk for cardiovascular events in the perioperative pe-
riod, physicians must consider the appropriate cardiac eval-
uation and therapy needed during the perioperative course
(Chapters 30 and 31).

ACUTE LIMB ISCHEMIA

Issues at the Time of Presentation

Clinical Presentation

The pain in acute limb ischemia is usually of sudden onset,
but occasionally it may develop gradually over several
hours, depending on the location and extent of the arterial
occlusion. This pain is unrelenting, diffuse foot pain, often
extending above the ankle, and is not affected by depen-
dent position of the limb. Alert patients are in extreme
discomfort, so the diagnosis is usually not subtle. The pa-
tient complains of paresthesias, numbness, and, as symp-
toms progress, weakness and paralysis in the affected limb.
A history of prior revascularization procedures, antecedent
claudication, diabetes, tobacco use, cardiac disease,
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TABLE 51.1
CAUSES OF PERIPHERAL ARTERIAL
INSUFFICIENCY

Chronic arterial occlusive disease

Atherosclerosis
Buerger’s disease (thromboangiitis obliterans)
Arteritis

Giant-cell arteritis
Takayasu’s arteritis
Fibromuscular dysplasia

Embolic

Cardiac origin
Left-ventricular thrombus (from underlying myocardial infarction

or cardiomyopathy)
Left-atrial thrombus
Mitral or aortic-valve thrombus (from infectious endocarditis

[vegetation] or marantic endocarditis)
Prosthetic-valve thrombus or vegetation

Paradoxic embolism of venous clot via a right-to-left shunt, princi-
pally an atrial septal defect or patent foramen ovale

Noncardiac atheroembolism from proximal aneurysm or athero-
sclerosis

In situ arterial thrombosis

Postprocedure/pseudoaneurysm
Hypercoagulable states
Heparin-induced thrombocytopenia

Other

Trauma
Aneurysm
Cyst
Vasoconstrictor drugs

Cocaine
Ergots
Cyclosporine

Radiation
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arrhythmias, or chronic anticoagulation therapy may be
helpful in defining the etiology.

Acute arterial insufficiency not related to PAD is fre-
quently the result of cardiac emboli, atheroembolism, or in situ
arterial thrombosis, with rare additional causes (Table 51.1).
The most common presentation of acute ischemia in pa-
tients with known PAD is occlusion of an existing bypass graft.
These patients present with either rest pain or increasing
claudication, depending on the degree of the resulting is-
chemia.

Cardiac embolism most commonly is encountered in
patients who have mural thrombus of the ventricle as a
complication of prior myocardial infarction or cardiomy-
opathy, atrial thrombosis as a complication of mitral valve
disease or atrial fibrillation or flutter, or valvular thrombus
or vegetation. The most frequent sites of hemodynamically
significant lower extremity embolization involve the aortic
and femoral bifurcations. Patients may suffer severe is-
chemia caused by a lack of existing collateral circulation at
the time of occlusion.

Arterial-arterial embolization (atheroembolism) usually
is observed as one of two types, spontaneous or iatrogenic.
Patients with spontaneous atheroembolism present with
painful, cyanotic digits of acute onset. Occasionally, the
majority of the forefoot is involved. Bilateral findings indi-
cate an aortic source; unilateral findings suggest an iliac or
femoral source. Aneurysms of the aorta, femoral, or
popliteal arteries are also potential causes of distal emboli.
Unless the entire foot is involved, the patient typically has a
palpable pedal pulse and a normal or only slightly dimin-
ished ABI because the circulation from the digital arteries to
the embolic source remains relatively uninterrupted.

Iatrogenic atheroembolism may complicate aortic
catheterization procedures. The clinical picture of limb
atheroembolism in this setting can vary from mild livedo
reticularis that slowly resolves, to severe limb pain and
cyanosis and eventual tissue loss, with concurrent elevated
plasma muscle enzyme levels and myoglobinuria. Periph-
eral pulses are usually unaffected, as the atheroemboli
lodge distal to the dorsalis pedis or posterior tibial arteries.
Atheroembolism frequently includes cholesterol emboli,
which can be confirmed by skin biopsy of peripheral le-
sions demonstrating cholesterol crystals in the capillaries.
Rising creatinine, oliguria, and urine eosinophils are often
present in patients with emboli involving the renal circula-
tion. The diagnosis is usually not difficult if the lower ex-
tremities are also involved. Severe abdominal pain (indi-
cating intestinal ischemia) following arteriography is a
recognized indication for laparotomy. Direct surgical treat-
ment of arteries occluded by atheroembolic material is usu-
ally not possible, given the small particle and vessel size.
Because of the nonthrombotic nature of the embolus, anti-
coagulation and thrombolytic therapy are also relatively
ineffective and may even be deleterious, and are thus not
recommended for the management of the ischemic limb.
Statins, by causing plaque stabilization, may reduce the risk

of recurrent atheroemboli in affected patients who recover
from an acute embolic event. Most patients with catheter-
induced atheroembolism have diffuse aortic disease not
amenable to surgical treatment. An exception occurs if
catheter-induced atheroembolism calls attention to an
arterial aneurysm as the suspected source of the embolic
material.

In situ arterial thrombosis occurs in two common sce-
narios. First, patients with a hypercoagulable state (Chapter
98), often previously unrecognized, may have an acutely
occluded native artery (frequently with previous subclini-
cal thromboses of small arteries). Second, patients with se-
vere aortoiliac occlusive disease may develop iliac artery
thrombosis secondary to catheter trauma from coronary
angiography (resulting either from dissection of the iliac
artery from the catheter or overzealous compression and
occlusion of the groin postcatheterization).

In acute ischemia, the extremity is often pale and cool to
palpation; pulses are often absent. It is particularly impor-
tant to palpate the femoral as well as pedal pulses because
a reduced femoral pulse indicates obstruction of the inflow
vessels (aorto-iliac) that may be amenable to angioplasty.
In contrast, a relatively normal femoral pulse with absent
pedal pulses indicates occlusive disease distal to the in-
guinal ligament; in these patients, relief of limb ischemia
typically requires a bypass operation to the distal vessels
(popliteal or tibial). Doppler studies are critical and can be
used to calculate an ABI. Determination of limb viability is
made primarily based on physical examination and the
judgment of the surgeon; thus, early vascular surgery con-
sultation is required for all patients with suspected limb
ischemia.

Differential Diagnosis and Initial Evaluation

The initial evaluation of the patient with suspected acute
limb ischemia is directed toward confirming the ischemia
and assessing limb viability. Paralyzed, insensate extremi-
ties with fixed skin mottling, and especially extremities
with hard calf musculature, are not salvageable and require
primary amputation as soon as the patient is medically pre-
pared for the procedure and the margin of viability is
clearly determined. However, the majority of acutely is-
chemic limbs are salvageable, because skeletal muscle gen-
erally can tolerate warm ischemia for 6 hours, or even
longer in patients with chronic arterial occlusive disease,
prior to irreversible loss. The decision about whether to
proceed with limb salvage in marginal cases usually relies
on the judgment of the vascular surgeon.

Acute limb ischemia rarely is confused with other pro-
cesses. Infections (particularly necrotizing fasciitis),
trauma, or conditions such as Raynaud’s disease occasion-
ally may cause initial diagnostic confusion. Once the diag-
nosis of acute arterial insufficiency is made, the differential
diagnosis principally involves distinguishing embolic from
thrombotic occlusion. Patients with emboli in normal
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arteries typically present with sudden onset of clinical
symptoms, without a preceding history of claudication,
and may have a known embolic source; the unaffected ex-
tremity has normal pulses and Doppler signals. Patients
with arterial emboli to the limb also should be carefully
evaluated for emboli in other arterial beds. In contrast, pa-
tients with thrombotic occlusions typically have an an-
tecedent history of claudication or rest pain, prior vascular
grafts, and clinical and laboratory evidence of occlusive dis-
ease in both lower extremities.

Differential diagnosis of acute ischemia includes emboli
from a cardiac source or atheroemboli from large vessel
atherosclerosis or aneurysm (Table 51.1). In situ thrombo-
sis of native vessels or in bypass grafts also are recognized
causes of acute arterial ischemia. Cardiac emboli associated
with acute limb ischemia typically affect proximal vessels
and lead to the sudden loss of a femoral pulse and a pale,
cool extremity. In contrast, atheroemboli typically affect
the most distal vessels and result in blue, intensely painful
toes (blue toe syndrome).

Atrial fibrillation as a potential cause of cardiac emboli
may be diagnosed from the electrocardiogram. Identifica-
tion of mitral stenosis, left-atrial enlargement, or mural
thrombus by echocardiography also may indicate a proxi-
mal source for the emboli. In addition, ultrasound or com-
puted tomographic imaging of the aorta and femoral or
popliteal vessels may identify aneurysms as a source of
atheroemboli. However, although these options are useful
in individual clinical situations, angiography provides
more definitive diagnosis; an acute embolic source typi-
cally is identified by a “meniscus sign,” and in situ throm-
bosis usually is accompanied by extensive atherosclerosis.
Additionally, angiography provides vascular access for ei-
ther angioplasty or thrombolysis, if indicated.

Additional laboratory evaluation is typically not neces-
sary, except as required for pre-operative evaluation (Chap-
ter 30). A sedimentation rate or ultra-sensitive C-reactive
protein may be obtained if the clinical presentation is con-
sistent with arteritis (Chapter 111), and an evaluation for
hypercoagulable states (Chapter 98) is indicated in selec-
tive cases of unusual in situ thrombosis in otherwise
healthy individuals.

Indications for Hospitalization or Intensive Care
Unit Admission

The majority of patients presenting with acute limb is-
chemia need hospital admission. Occasionally patients
with mild ischemia may be managed with oral analgesia
and elective admission or nonoperative outpatient man-
agement. Most patients require hospital admission for pain
control, rapid anticoagulation with heparin, and evalua-
tion directed at either revascularization or amputation.

Most patients can be managed in a non-ICU setting. Con-
siderations for ICU admission include requirements for
management of comorbid conditions, level and severity of

ischemic pain, and rapidity of planned interventions. For
example, if high-dose analgesia, rapid central venous access,
or urgent heparinization or fluid resuscitation are needed
prior to surgery or angiography, the ICU is often a more
practical place to perform these interventions quickly. Post-
procedural monitoring usually is performed in the ICU, as
these patients have a high risk of needing other interven-
tions and of developing hemorrhage at the operative site
because of the frequent concomitant anticoagulation. In
addition, the incidence of postintervention myocardial in-
farction is high in this group of vascular patients. Compli-
cations of myoglobinuria and limb reperfusion require
careful acid-base monitoring and hydration and are also
best managed in the ICU (Chapters 100 and 105).

Initial Therapy and Issues During
Hospitalization

Initial therapy for all patients with acute limb ischemia
(Figure 51.1) includes prompt heparinization (unless
contraindicated) and administration of oxygen. Heparin
therapy may be associated with rapid improvement of
symptoms and helps stabilize the patient prior to more
definitive management. Other systemic factors that may
contribute to poor limb perfusion and oxygenation need to
be optimized as indicated in individual patients. For exam-
ple, patients with hypotension or heart failure should be
stabilized hemodynamically to maximize limb perfusion.
Patients with evidence of secondary bacterial infection
should receive appropriate antibiotic therapy (Chapter 69).
Most patients need diagnostic or therapeutic arteriography
and thus should have an urgent evaluation of their renal
function and receive hydration in preparation for this pro-
cedure. In patients with diabetes and renal insufficiency,
use of N-acetylcysteine may reduce the risk of contrast-
induced renal failure. Definitive therapy of the patient with
acute limb ischemia requires re-establishment of arterial
perfusion. Thus, all patients with acute peripheral ischemic
syndromes should receive emergent consultation from a
vascular surgeon.

The priorities in early management of the patient with
graft occlusion include assessment of limb viability and
current circulatory status, determination of the nature of
previous operations (patients frequently have undergone
multiple procedures at different institutions, and operative
reports are often critical), and achievement of rapid, thera-
peutic heparin anticoagulation to prevent propagation of
thrombus. Also important are decisions concerning timing
of arteriography (emergent or next day), timing of explo-
ration and graft thrombectomy (unusually emergent), and
management of comorbid diseases or risks (hydration to
prepare for arteriography, evaluation and therapy of asso-
ciated cardiac arrhythmias or ischemia). Another practical
issue is obtaining central venous access. These patients fre-
quently need repeat vascular reconstructions, often using
arm veins for the conduit (because the leg veins have
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Figure 51.1 Algorithm for management of acute arterial insufficiency. aAdjuvant measures in-
clude antibiotics for infection and wound care if appropriate. bIn a viable limb, there is usually time
to attempt a course of thrombolysis. cPotential metabolic abnormalities include acidosis, hyper-
kalemia, and creatinine kinase elevations with myoglobinuria. dThe acute occlusion of a primarily
normal artery is usually caused by an embolus. In this situation, collateral vessels are usually not well
developed, so there is a high risk for rapid progression to irreversible ischemia. eThe acute occlusion
of a previously atherosclerotic artery is usually because of a thrombosis. Typically these vessels have
extensive collaterals that partially protect the leg from progression to irreversible ischemia. fMost
graft occlusions are caused by thrombosis. gThe decision to perform arteriography is based, in part,
on time constraints in obtaining the procedure before irreversible changes occur. Duplex imaging of
the leg may provide anatomic information more rapidly than arteriography. However, an arteriogram
is always required for catheter-directed thrombolysis. hThrombolysis is most useful for (a) embolic oc-
clusion of a marginally threatened leg (these patients usually have a palpable femoral pulse); (b) lack
of angiographically defined outflow (in this situation, there is no target for a bypass graft); (c) throm-
bosis of a new inflow graft; (d) lack of definitive surgical options; and (e) hypercoagulable states.
iEmbolectomy is usually performed for (a) proximal embolus (absent femoral pulse) in a leg that is
immediately threatened; and (b) failure of lysis or contraindications for lysis. jBypass grafting is
performed for (a) outflow (leg) graft occlusion and (b) old inflow graft occlusion.
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frequently been used for previous bypass operations); cen-
tral venous access allows these veins to be preserved.

Patients with mild ischemia may undergo elective arteri-
ography to plan the most suitable procedure. Patients pre-
senting with fixed nonviable extremities ultimately come to
amputation. Therefore, these patients are evaluated and man-
aged primarily to determine the timing and the level of
amputation. All other patients need urgent evaluation and
therapy to restore perfusion rapidly to a potentially viable
limb. In patients with acute peripheral arterial emboli, the de-
cision of whether to proceed directly to operation for em-
bolectomy (almost always involving a groin and popliteal ap-
proach) or to proceed with angiography and regional
catheter-directed thrombolysis depends on the severity of the
ischemia. Thrombolysis relieves the occlusion more slowly
but offers the advantages of more complete resolution of the
thrombus and avoiding catheter-induced endothelial
trauma, which often leads to later fibrointimal hyperplasia
and branch stenosis or occlusion of the involved arteries. If
the limb is moderately threatened but time is available, an-
giography can be performed, followed by catheter-directed
thrombolysis of the emboli. In contrast, if profound limb is-
chemia is present (often the case if the femoral pulse is absent
and an embolus is present at or above the inguinal ligament),
patients are best treated with operative embolectomy.

In patients with suspected in situ arterial thrombosis, ar-
teriography is usually critical in decision making. The phys-
ical examination helps to localize the problem but offers
insufficient anatomic information to plan needed surgery.

In patients with acute occlusion of an arterial graft, the lo-
cation of the graft is important to subsequent management.
If the graft is an inflow conduit (aortofemoral, axillofemoral,
iliofemoral, or femorofemoral), then often the surgeon can
proceed directly to graft thrombectomy and revision of the
graft. The vast majority of inflow graft stenoses are located at
the distal anastomosis, and a simple groin approach allows
access to the graft. The primary problem with this approach
is exposure of the prosthetic bypass material to potential in-
fections. If the inflow graft cannot be opened with throm-
bolysis or surgery, an alternative option is an extra-anatomic
bypass. Some surgeons believe occluded infrainguinal by-
pass grafts should be replaced with a new graft. Additional
studies are required to define the necessity of this approach.

Several randomized trials have evaluated the efficacy of
approaches for managing acute ischemia. In one study, 114
patients with acute arterial occlusions (thrombotic/embolic)
or graft occlusions were randomized to either surgery or
thrombolysis followed by angioplasty or surgery if needed
(3). At 1 year, the limb salvage rate was equal (82%) in both
groups. However, patient survival at 1 year was 84% in the
thrombolytic group compared with 58% in the surgical
group. Thus, this series would suggest that thrombolytic
therapy may be associated with a lower 1-year mortality rate
(the mechanism of this observed benefit remains unex-
plained). Two larger randomized trials, Surgery versus
Thrombolysis for Ischemia of the Lower Extremity (STILE)

and Thrombolysis or Peripheral Artery Surgery (TOPAS), did
not show any differences in 1-year mortality rates between
thrombolytic and surgical management (4, 5). The amputa-
tion rate was greater in the thrombolytic group compared
with the surgical group at one year in STILE (6), but there
was no difference in TOPAS. Importantly, catheter-directed
thrombolysis, which is superior to systemic administration
of thrombolytic agents, is required. Currently, the question
of optimal management using thrombolytic therapy or op-
eration in acute limb ischemia remains unsettled (7, 8).

CHRONIC LIMB ISCHEMIA

Issues at the Time of Presentation

Clinical Presentation

Patients presenting with chronic limb ischemia as defined
here typically do not present emergently for revasculariza-
tion. Rather, the typical history is that of a patient with
longstanding severe claudication who develops rest pain, a
traumatic injury to the foot or digit, or an ischemic ulcer.
The rest pain commonly occurs at night and is relieved with
dependency or short ambulation.

Ischemic ulcers usually are found at the toes and distal
points of the foot and are usually painful. However,
chronic diabetic malperforans ulcers (sole of the foot at
metatarsal heads) and venous ulcers (medial malleolus
area) can be seen in patients with concomitant arterial is-
chemia. These conditions must be excluded in patients
with refractory lesions. In general, any patient with an open
foot wound needs to have adequate arterial circulation
confirmed by careful hemodynamic assessment or Duplex
ultrasound imaging (including ABI measurement) of the
affected limb. Failure to do so is a common error that oc-
casionally leads to delays in appropriate therapy and to un-
necessary limb loss.

Differential Diagnosis and Initial Evaluation

Confirmation of the diagnosis of arterial insufficiency
requires hemodynamic assessment of the critical compo-
nents of the arterial tree. In the absence of previously doc-
umented atherosclerotic PAD, hemodynamics can be
assessed noninvasively by measuring the ABI, the
toe:brachial index, or segmental pressures in the affected
limb. Initial evaluation also must exclude other causes of
acute deterioration, such as hypotension. Patients with ar-
teritis present with a typical clinical syndrome including
systemic manifestations of their disease, an elevated sedi-
mentation rate, and loss of pulses in the upper or lower ex-
tremity. Patients with Buerger’s disease (thromboangiitis
obliterans) have histories of substantial tobacco use; the ar-
teriogram often shows corkscrew collaterals around an oc-
cluded medium-sized vessel. Biopsy is rarely necessary to
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confirm this diagnosis. Viability of the tissue should be ad-
dressed as discussed previously.

The differential diagnosis in these patients includes sev-
eral entities in addition to atherosclerotic disease. Patients
with diabetic neuropathy may present with symptoms con-
sistent with ischemic pain and with nonhealing neuro-
pathic ulcers, but their pedal pulses are normal, unless there
is coexistent PAD. Reflex sympathetic dystrophy, which may
develop after surgical or other forms of trauma, leads to a
painful, discolored, swollen extremity; although this disor-
der typically is an autonomic neuropathy, arterial perfusion
may be maintained. Patients with arteritis, particularly
those with Buerger’s disease and a strong smoking history,
may present with ischemic limbs (Chapter 111). Acute limb
ischemia, discussed above, must also be considered.

Indications for Hospitalization or Intensive Care
Unit Admission

Admission to the hospital is guided primarily by the asso-
ciated analgesic requirements to control pain, the need for
intravenous antibiotics for associated infection, or the pres-
ence of comorbid conditions. In the absence of these con-
siderations, revascularization usually can be planned in an
elective manner.

Initial Therapy and Issues During
Hospitalization

Initial management of these patients involves pain relief
(Chapter 18). Although nonsteroidal anti-inflammatory
drugs may work initially, most patients with ischemic rest
pain require opiates for relief.

Patients with more severe disease including ischemic ul-
ceration or gangrene also need wound care and prevention
of further trauma to the extremity. Heel protection is criti-
cal to prevent pressure necrosis to the Achilles area. Hospi-
talized patients should not be allowed to bear weight on
the affected limb. Patients with an infected ulcer must be
treated with antibiotics. The empiric antibiotic selected
should have broad Gram-positive and Gram-negative cov-
erage, and the specific antibiotic regimen selected should
be based on local microbial resistance patterns, the pres-
ence of comorbid conditions such as diabetes, and local
formulary considerations.

Numerous trials of drugs of the prostaglandin class (in-
cluding analogs of prostacyclin and PGE) in critical leg is-
chemia have shown only marginal success. Antiplatelet
therapy may be necessary not only to attempt to preserve
graft patency but also to reduce the systemic risk of myocar-
dial infarction and stroke. Aspirin (325 mg/day) promotes
the patency of peripheral bypass grafts and angioplasty pro-
cedures. Clopidogrel (75 mg/day) has been shown to re-
duce the risk of cardiovascular events in patients with PAD.

Anticoagulation is often used in the perioperative period
to maintain graft patency after peripheral bypass proce-

dures. The use of unfractionated or low-molecular-weight
heparin in the immediate postoperative period may im-
prove the patency of infrainguinal bypass grafts, but with
the tradeoff of an increased risk of bleeding. In contrast,
there is less evidence to support long-term anticoagulation
to prevent graft occlusion. The largest experience suggests
that anticoagulation (with warfarin to an INR of 2–3) may
improve patency of vein grafts. Finally, several ongoing clin-
ical trials are evaluating the use of growth factors to promote
revascularization in chronic severe leg ischemia.

Definitive evaluation and management requires arterial
imaging to localize the lesions, followed by revasculariza-
tion or primary amputation (Figure 51.2). The choice be-
tween angioplasty and bypass surgery is complex and is
based on the specific vascular anatomy, availability of ap-
propriate conduit, previous revascularizations, and local
expertise. Currently, the patient’s own veins (greater saphe-
nous, lesser saphenous, and arm veins) provide the optimal
bypass vessels. Current 5-year patency rates for tibial bypass
grafts are 60%–70% (9–12), with limb salvage rates of 80%
or more. Operative mortality is less than 5% in most series,
but may reach 10% in patients older than 80 years (13). The
decision to amputate, and at what level to perform the am-
putation, remains largely one of clinical judgment.

Despite successful revascularization, post-operative re-
covery may be problematic (14, 15). Leg incisions or is-
chemic ulcers heal poorly, with mean healing times of 2
and 4 months, respectively. During this time, the wounds
should be kept clean and inspected for infection and break-
down. Use of topical agents or growth factors applied
directly to the wound have not been shown to offer any
clinical benefit over usual local wound care. About
20%–30% of bypasses require operative revision, usually
within the first year, to repair a stenotic lesion in the vein
graft (15). Up to 20% of patients require at least one read-
mission for wound care issues, usually associated with an
operative incision. The majority of patients develop signif-
icant ipsilateral lymphedema, which, if left uncontrolled,
retards incisional wound healing.

The vast majority of patients with salvaged limbs walk
on them, in contrast to the poor postamputation mobility
in the elderly (16). Early consultation with a vascular sur-
geon helps prevent progression to a necrotic forefoot lesion
too advanced to heal despite revascularization and aggres-
sive debridement. Such unfortunate delays are a common
cause of limb loss.

Discharge Issues

Patients who survive an episode of acute limb ischemia are
almost always suffering from a systemic, chronic disease. Pa-
tients with PAD are at high risk for cardiac and cerebrovas-
cular events; they require aggressive cardiovascular risk factor
modification programs and long-term antiplatelet therapy as
for patients who have angina or who have survived a my-
ocardial infarction (Chapters 37 and 38). In patients with
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PAD who also have a history of myocardial infarction, acute
coronary syndrome, or stroke, either aspirin or clopidogrel
would be appropriate antiplatelet therapy. However, in pa-
tients with PAD who do not have other clinically evident
cardiovascular disease, evidence supports clopidogrel as
first-line therapy. Aggressive therapy of hyperlipidemia with
statins is mandatory and can improve walking distance (17).
Participation in a supervised exercise rehabilitation program
is effective in improving claudication-limited exercise capac-
ity. Management of any residual wounds, including ampu-
tation sites, is an important factor in long-term outcome. Re-
ferral to specialized wound care clinics may assist in
management. Despite optimal care, however, the long-term
prognosis for this population remains poor (2).

KEY POINTS

■ PAD presenting as critical leg ischemia may be the result
of acute arterial ischemia or progression of chronic
atherosclerotic PAD.

■ Initial management is focused on emergent vascular
surgery consultation, identifying the level and type of
arterial obstruction, assessing limb viability, and opti-
mization of other comorbid disease processes (i.e.,
infection, congestive heart failure).

■ The goal of therapy is to preserve the affected limb and
the patient’s functional status.

■ Definitive therapy currently is guided primarily by the
vascular surgeon’s judgment and assessment because of
the limited evidence from clinical trials.

■ Discharge planning must recognize the chronic nature of
the underlying disease processes, and their impact on
long-term morbidity and mortality rates.

■ Long-term outcome is critically dependent on treatment
of the underlying systemic arterial pathophysiology, be-
cause most patients with PAD die from cardiac or cere-
bral events.
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Deep Venous 

Thrombosis
David A. Garcia Mark A. Crowther

INTRODUCTION

Recent advances in the management of acute deep venous
thrombosis (DVT) and pulmonary embolism (PE) have
revolutionized the treatment of these common clinical
problems. Two such advances are the demonstration that
more than 90% of patients with acute venous thrombosis
can be managed safely and effectively as outpatients (1)
and the development and validation of diagnostic algo-
rithms, which reduce practice variations and eliminate un-
necessary diagnostic testing.

Traditionally, patients with acute venous thrombosis
(including DVT and PE) have been admitted to the hospi-
tal for treatment with intravenous unfractionated heparin
(UFH) for two reasons. First, it was felt that these patients
required careful clinical monitoring to allow immediate
treatment of PE, which could be fatal. Second, intravenous
UFH requires laboratory monitoring. Outpatient treatment
of DVT was made possible by the realization that most pa-
tients with acute DVT do not require in-hospital clinical
monitoring and by the introduction of the low-molecular-
weight heparins, which do not require laboratory monitor-
ing of their anticoagulant effect.

The primary concerns of the physician treating patients
with proven, acute proximal DVT are to triage those pa-
tients who require hospital admission and to arrange out-
patient treatment for those who do not. DVT should no
longer be the sole reason for admission to the hospital, ex-
cept in selected circumstances (Table 52.1).

Although there is considerable overlap between the
syndromes of DVT and PE, this chapter focuses on the di-
agnosis and treatment of patients with proximal DVT. PE is
covered in Chapter 53.

WHEN THE DISEASE PRESENTS
ON ADMISSION

Issues at the Time of Admission

In all cases, the diagnosis of acute DVT should be verified by
an objective test. Although the gold standard for diagnosis
remains contrast venography, this test is rarely needed.
Rather, the diagnosis can usually be made with ultrasonog-
raphy. In many symptomatic patients, compression ultra-
sound of the proximal venous system of the leg (or arm)
reveals noncompressibility of a venous segment. This find-
ing, in the setting of typical clinical signs and symptoms, has
a specificity of 97% for acute DVT. A variety of other nonin-
vasive testing methods, such as impedance plethysmography
(IPG), thermography, and hand-held Doppler flow meters,
lack sufficient sensitivity to reliably diagnose acute DVT. The
use of contrast CT scanning to examine the legs for DVT (“CT
venography”) is generally confined to situations in which a
spiral CT of the chest is being performed for suspected PE. It
is further described in Chapter 53.

Recently, the use of both whole-blood and plasma 
D-dimer assays has been studied as an aid to the diagnosis
of acute DVT (2, 3). D-dimer, which is a byproduct of 
fibrinolysis, is elevated in patients with active thrombosis.
However, D-dimer levels also are elevated in the
postoperative period, and in patients with malignancy,
pregnancy, or septicemia. D-dimer levels can be assayed us-
ing a variety of techniques: plasma-based latex or enzyme-
linked immunosorbent assays (ELISA), which quantify 
D-dimer levels, and whole-blood (bedside) assays, which
are semiquantitative. Large prospective clinical evaluations
have shown that a whole-blood D-dimer assay (the
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SimpliRED D-dimer) has a sensitivity of about 93% and a
negative predictive value of 98% for proximal DVT. The
specificity of the test, however, is only about 77%, because
disorders other than acute DVT and PE can cause elevated
D-dimer levels. Quantifying D-dimer levels using ELISA-
based assays increases the sensitivity of the test but, in most
cases, decreases its specificity (4). Clinicians must become
familiar with the characteristics of the particular assay avail-
able at their institution, since reliance on an insensitive D-
dimer could result in the inappropriate exclusion of deep
vein thrombosis, placing patients at risk for pulmonary
embolism (see also Chapter 53).

When evaluating a patient with possible acute DVT, the
use of a clinical decision model can help determine which
diagnostic tests to perform. Based on the history and clin-
ical examination, the pretest probability of DVT can be re-
liably determined (Table 52.2). In a study by Wells et al.,
patients presenting with suspected DVT were evaluated us-
ing a validated pretest probability model. Subsequently,
DVT was objectively confirmed in 5% of patients with a
low pretest probability, 33% of patients with an interme-
diate probability, and 85% of those with a high pretest
probability.

Translation of the study results into clinical practice will
simplify the approach to patients with suspected DVT (Figure
52.1). Patients with a low pretest probability can be screened
with a clinically tested D-dimer assay. A negative result rules
out the diagnosis of proximal DVT (negative predictive value
�99%) (5). Patients with an intermediate or high pretest prob-
ability should undergo an objective test, either a compression
ultrasound or, if that is unavailable, a venogram. If the patient
has a moderate or high pretest probability of DVT and nega-
tive compression ultrasound, a validated D-dimer assay
should then be performed to rule out the possibility of ex-
tending calf vein thrombosis not detected by the ultrasound.
If the D-dimer test is also negative, DVT can be excluded and
anticoagulaton safely withheld. If the D-dimer is positive, fur-
ther testing with either serial compression ultrasonography
or venography must be performed.

Once the diagnosis of acute DVT has been confirmed
objectively, a decision regarding hospital admission should
be made. Patients with evidence of a hemodynamically sig-
nificant PE should be admitted to the hospital. All patients

should be assessed for bleeding risk. Initial laboratory in-
vestigations should include a hemoglobin and platelet
count. Although routinely performed, an activated partial
thromboplastin time (aPTT) or international normalized
ratio (INR) value is not required in otherwise well patients
without a history of clinically significant bleeding. Patients
who are admitted with acute DVT should be treated with
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TABLE 52.1
FACTORS THAT MAY PRECLUDE (OR
COMPLICATE) OUTPATIENT DVT TREATMENT

The patient has
• renal insufficiency (calculated creatinine clearance �30 ml/min)
• hemodynamically apparent pulmonary embolism
• severe pain requiring parenteral opiates
• increased risk of bleeding
A system to monitor INR every 2–3 days is not available.

TABLE 52.2
ASSESSING THE PROBABILITY OF DEEP
VENOUS THROMBOSIS BASED ON THE
CLINICAL PRESENTATION

Major points

Active cancer
Paralysis, paresis, or recent plaster cast immobilization of the lower

limb
Recently bed-ridden �3 d or major surgery within 4 wk
Localized tenderness along the distribution of the deep venous

system
Thigh and calf swollen
Calf swelling 3 cm �symptomless side
More than two 1st-degree relatives with history of objectively

documented deep venous thrombosis

Minor points

History of trauma (within 60 d) to the affected leg
Pitting edema in the symptomatic leg only
Dilated superficial veins in the symptomatic leg only
Hospitalization within the previous 6 mo
Erythema

Clinical probability

High

�3 major points and no alternative diagnosis
�2 major points and �2 minor points and no alternative diagnosis

Low

1 major point � 2 minor points � alternative diagnosis
1 major point � 1 minor point � no alternative diagnosis
0 major points � 3 minor points � alternative diagnosis
0 major points � 2 minor points � no alternative diagnosis

Moderate

All other combinations

Number of
Clinical Number of patients with 95%
pretest patients deep venous confidence
probability evaluated thrombosis (%) interval

High 85 72 (85) 75%–92%
Moderate 143 47 (33) 25%–41%
Low 301 16 (5) 3–8.5%

Modified from Wells PS, Hirsh J, Anderson DR, et al. Accuracy of
clinical assessment of deep-vein thrombosis. Lancet
1995;345:1326–1330, with permission.
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either unmonitored, weight-adjusted subcutaneous low-
molecular-weight heparin or intravenous UFH monitored
using the aPTT. Intravenous UFH is preferred in patients
with acute DVT or PE at high risk for bleeding because once
the infusion of UFH is discontinued, the majority of its an-
ticoagulant effect is lost within 2 hours, whereas the anti-
coagulant effect of subcutaneous low-molecular-weight
heparin persists for up to 24 hours. Furthermore, the anti-
coagulant effect of unfractionated heparin can be rapidly
reversed with protamine sulfate; protamine sulfate cannot
neutralize all of the anticoagulant effect of low-molecular-
weight heparin.

If the patient is younger than 65 and does not have a risk
factor for DVT (e.g., recent surgery, immobilization, or ma-
lignancy), screening for a hypercoagulable state should be
considered (see Table 98.6 for a standard laboratory
workup). This can be done either before anticoagulation is
initiated or after it is completed. Testing for a hypercoagu-
lable state while the patient is receiving therapy is problem-
atic: heparin lowers antithrombin levels and may interfere
with testing for both activated protein C resistance and the
lupus anticoagulant; warfarin lowers the plasma levels of
proteins C and S and may interfere with testing for both
activated protein C resistance and the lupus anticoagulant.
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Signs or Symptoms of Suspected DVT

Clinical probability

Low clinical probability Intermediate or high clinical probability

D-dimer test

Negative Positive

Exclude DVT Venous
ultrasonography

Venous ultrasonography

Positivea Negative

Diagnose DVT Exclude DVT

Positive Negative

Diagnose DVT Exclude DVT

Positive Negative

Serial venous
ultrasonographyb Exclude

DVT

Positive Negative

Diagnose DVT D-dimer test

Figure 52.1 Algorithm for patient with suspected deep venous thrombosis. DVT, deep venous
thrombosis. Clinical probabilities are drawn from Table 52.2. aRe-evaluate history and review ultra-
sound for features suggestive of old rather than new thrombosis. If ultrasound findings are incon-
clusive, venography should be considered. bIn patients with a high clinical probability or those who
cannot return for serial ultrasonography, venography is recommended. Venography can also be con-
sidered in patients with cardiorespiratory compromise. (Reproduced from Hirsh J, Lee AY. How we
diagnose and treat deep vein thrombosis. Blood 2002; 99:3102–3110, with permission.)
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Appropriate screening tests are discussed subsequently, and
a more extensive discussion of hypercoagulable states is
found in Chapter 98.

Issues During the Course of Hospitalization

All patients who are proven to have acute DVT and who do
not have a contraindication to anticoagulation should be
treated with therapeutic unfractionated or low-molecular-
weight heparin beginning at diagnosis. Hospitalized
patients should receive an initial bolus of UFH followed by
a continuous infusion of UFH adjusted to maintain the
anti-Xa heparin level in a range of 0.35–0.70 units/mL.
Because heparin levels are not widely available, most labo-
ratories have published aPTT values that correspond to this
anti-Xa range. Studies have demonstrated that the use of a
weight-based heparin nomogram improves outcomes and
decreases complications (Table 53.2). Outpatients or inpa-
tients at low risk for bleeding may be treated with one of
the commercially available low-molecular-weight hep-
arins. Monitoring of the anticoagulant effect of low-
molecular-weight heparins is unnecessary in the majority
of patients with acute DVT or PE. Dose adjustment or mon-
itoring of anti-Xa levels may be advisable in patients with
renal failure, those with significant obesity (�150 kg), and
pregnant patients. The published experience using low-
molecular-weight heparins for such patients is limited

because they have been excluded from most clinical trials
evaluating low-molecular-weight heparins (6).

Warfarin should be initiated on the day of diagnosis, af-
ter heparin has been started. Warfarin “loading doses” (e.g.,
10 mg on the first 2 days of treatment) can be associated
with early overanticoagulation. For most patients (includ-
ing the elderly or those with significant co-morbidities),
warfarin is best initiated at a dose likely to be required for
maintenance (usually around 5 mg/d) (7). (Chapter 53 for
a warfarin nomogram [Table 53.3] and a list of warfarin
drug interactions [Table 53.5].) A higher initial warfarin
dose may be appropriate for otherwise healthy, young out-
patients (8). The heparin should not be discontinued until
the INR has stabilized between 2.0 and 3.0 on 2 consecu-
tive days, and heparin has been administered for a mini-
mum of 4–5 days.

Patients may present with, or develop, unusual manifes-
tations of thromboembolism. Patients with DVT of the
renal veins, inferior vena cava, cerebral veins, portal vein, or
in the upper venous circulation should be treated similarly
to those with proximal DVT in the leg. Patients with mesen-
teric vein thrombosis often have associated ischemic bowel,
which may require surgical removal. Hepatic vein throm-
bosis (Budd–Chiari syndrome) is a potentially life-threaten-
ing condition for which optimal therapy is unknown. All
patients with these unusual thrombi should be screened for
a hypercoagulable state (Chapter 98). Occasionally, pa-
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TABLE 52.3
OPTIMAL DURATION OF WARFARIN ANTICOAGULATION IN PATIENTS
WITH DEEP VENOUS THROMBOSIS

Target INR Duration

Calf DVT (i.e. does not involve veins 2.0–3.0 Minimum: 6 wk; maximum: 12wka

proximal to the popliteal fossa)
Transient risk factor that now is resolved, 2.0–3.0 Minimum: 6 wk; maximum: 12wk

e.g., thrombosis after arthroscopy
Transient risk factor that is persistent, 2.0–3.0 Continue for 6 wk after risk factor

e.g., thrombosis with current plaster- resolved
cast immobilization, pregnancy

Thrombosis with malignancy 2.0–3.0 Indefinite anticoagulationb

Idiopathic thrombosis, i.e. thrombosis 2.0–3.0 �6months anticoagulation
with no identified precipitant Discuss risks and benefits of

extended anticoagulation with
patient

Recurrent idiopathic thrombosis occurring 2.0–3.0 Life-long anticoagulation
off anticoagulants, e.g., thrombosis in
patient with previous episode of DVT/PE

Recurrent thrombosis occurring while on LMWH, or Life-long anticoagulation; 
anticoagulants, e.g. new DVT or PE in warfarin consider placement of IVC
patient therapeutically anticoagulated with target filter
with warfarin INR �3.0

a If anticoagulation withheld, serial noninvasive studies should be performed over 7–14 days to ensure
thrombus has not extended to involve proximal veins.
b Consider prolonged monotherapy with LMWH instead of warfarin (9).
DVT, deep venous thrombosis; INR, international normalized ratio; IVC, inferior vena cava; 
LMWH, low-molecular-weight heparin; PE, pulmonary embolism.
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tients present with venous gangrene caused by a large prox-
imal DVT. In such cases, thrombolytic therapy or catheter-
directed therapy may be used to acutely reduce the venous
outflow obstruction. There is no high quality evidence,
however, that thrombolytics or cathether-directed
techniques provide long-term benefit beyond those ob-
tained with heparin (either low-molecular-weight or
unfractionated) and warfarin.

The management of patients with a contraindication to
anticoagulant therapy is more difficult. Patients with acute
DVT of the leg and such a contraindication should have
an inferior vena cava (IVC) filter placed, because IVC fil-
ters substantially reduce the short-term risk of PE. How-
ever, a randomized controlled trial found that IVC filters
do not improve long-term survival, and that permanent
IVC filters increase the risk of recurrent thrombsis nearly
twofold in the 2 years following their placement (10). Pa-
tients with IVC filters frequently experience worsening of
their leg symptoms, secondary to proximal extension of
their thrombus. Therefore, if the contraindication to anti-
coagulation is transient (such as temporary thrombocy-
topenia secondary to chemotherapy or gastrointestinal
bleeding from a reversible lesion), patients with filters
should be anticoagulated as soon as possible to reduce the
severity of their leg symptoms. “Temporary” removeable
IVC filter devices may offer short-term protection from
pulmonary embolism without increasing the long-term
risk of recurrent DVT. Although not well studied, such de-
vices are now available in many centers.

It is controversial whether upper-circulation deep vein
thrombi can cause clinically important PE; traditional
teaching is that they cannot. It is clear, however, that chil-
dren with upper-extremity thrombosis do suffer PE and
other complications such as post-phlebitic syndrome
(Figure 52.2). The rate of these complications in adults is
unknown but sufficiently high that patients should be
treated as for lower-extremity DVT. In our opinion, ex-
tended duration therapeutic anticoagulation should be
given to patients with involvement of deep, proximal (e.g.
axillary, subclavian, internal jugular) veins. The optimal
management of patients with upper-circulation DVT and
a contraindication to anticoagulation (a scenario found
frequently in oncology patients with indwelling central
venous catheters) is unclear. Our practice is to either sim-
ply observe the patient closely without treatment or treat
with prophylactic doses of low-molecular-weight heparin
after discussing the risks of thromboembolism and hem-
orrhage with the patient. 

During the course of hospitalization, the patient should
be monitored for bleeding and for the development of
heparin-induced thrombocytopenia (HIT). HIT is a potentially
devastating complication and should be considered if the
platelet count drops below normal (or by more than 50%
from baseline), or if the patient develops recurrent throm-
bosis (arterial or venous) despite heparin therapy. The
management of HIT is discussed in Chapter 98.

Bleeding is a common complication of anticoagulant
therapy, occuring in 2%–5% of patients who are therapeu-
tically anticoagulated. The risk of bleeding is highest during
the initial days of heparin therapy. Bleeding can be man-
aged by withdrawing heparin and, if acute neutralization is
required, by the use of protamine sulfate. Bleeding in
patients receiving warfarin usually can be controlled by me-
chanical means (such as pressure). If rapid reversal of war-
farin’s anticoagulant effect is required, intravenous vitamin
K (1 or 2 mg) is effective. If immediate reversal is required,
frozen human plasma or coagulation factor concentrates
should be administered in concert with intravenous vitamin
K. Recombinant factor VIIa may stop bleeding in patients re-
ceiving warfarin who present with major or life-threatening
hemorrhage. However, this therapy is expensive and has not
been well studied (11).

Discharge Issues

At the time of discharge, the patient should be advised to
avoid situations that might precipitate bleeding. In addition,
arrangements should be made for outpatient monitoring of
the INR. Initially this should be performed frequently (i.e.,
every 2–4 days). The interval can be increased to as little as
once per month once the patient has stable INR values. The
target INR value for all patients with acute DVT or PE should
be 2.0–3.0. The optimal duration of anticoagulant therapy
varies as a function of the suspected cause of the DVT; com-
mon scenarios are shown in Table 52.3.

For patients who present with DVT without an identified
precipitant, the ideal duration of anticoagulant therapy is
controversial. These patients have a high risk of recurrent
thrombosis (15%–30% 2-year risk of recurrence) if their
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Figure 52.2 This upper-extremity thrombosis was associated
with an AV fistula used for hemodialysis. While hospitalized and
receiving IV unfractionated heparin, this patient died suddenly,
seconds after reporting that his fistula had started working again.
Autopsy showed the cause of death to be pulmonary embolism.
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warfarin is stopped after 3 months of treatment. Although
warfarin is very effective at preventing a DVT while patients
are taking the drug, prolonged warfarin therapy does not ap-
pear to confer any long-term protection against recurrent
DVT after anticoagulation is discontinued (12). It has been
proposed that patients with an unprovoked DVT will benefit
from lowering the target INR range (to 1.5–2.0) after 3–6
months of “full-dose” anticoagulation. There are now two
randomized, controlled studies confirming that “low-
intensity” warfarin provides substantial protection against
recurrent venous thromboembolism (13, 14). Surprisingly,
there is no evidence from these trials to support the hypoth-
esis that reducing the target INR will decrease the risk of ma-
jor hemorrhage among chronically anticoagulated patients.
For now, it is our recommendation that all patients who
have a DVT without an identified precipitant should be
maintained on warfarin (target INR range 2.0–3.0) for at
least 6 months. Patients who have had more than one DVT
without an identified precipitant should likely receive indef-
inite conventional-intensity (target INR 2.0– 3.0) anticoagu-
lation. In many cases, a discussion with the patient about the
risks and benefits of anticoagulation is invaluable.

The most common acquired conditions that predispose
to DVT are antiphospholipid antibodies (lupus anti-
coagulant or anticardiolipin antibody) and malignancy.
Current evidence suggests that patients with DVT and con-
vincing evidence of antiphospholipid antibodies are best
treated with indefinite duration warfarin administered to
achieve an INR of 2.0–3.0 (15). One in 10 patients pre-
senting with idiopathic DVT is found to have a malig-
nancy within 12–18 months of follow-up. Although some
authors have recommended aggressive investigation for
malignancy in patients presenting with a single, acute id-
iopathic DVT or PE, there is no evidence that such inves-
tigations improve the outcome of these patients. For
patients who present with recurrent thrombosis, particu-
larly in the face of therapeutic anticoagulation, the clini-
cian should perform a thorough review of systems and
physical exam, with special attention to signs and symp-
toms that could be attributed to malignancy. Classically,
carcinoma of the pancreas, breast, prostate, or bowel are
associated with DVT, although DVT (and unusual compli-
cations such as migratory superficial thrombophlebitis)
can accompany any type of malignancy.

The decision to screen a patient for an inherited or ac-
quired hypercoagulable state (Table 98.5) should be made
only if it is clear that the results of the testing will influence
clinical management. Because the presence of a hypercoag-
ulable state might influence the duration of anticoagulant
therapy and subsequent decisions about medication use,
screening of patients with idiopathic DVT is often indi-
cated, although screening of asymptomatic populations
and patients with known risk factors is not. Evidence-based
strategies for screening and counseling are currently being
developed.

The major long-term complication of DVT is the post-
phlebitic syndrome. This syndrome, which is caused by ele-

vated venous pressure in the deep veins of the leg as a result
of destruction of the venous valves by the thrombus, is
associated with leg pain and swelling (particularly after
prolonged standing) and, occasionally, venous stasis ulcer-
ation. Graduated compression stockings improve patient
symptoms and may reduce the risk of ulcers (16). Physical
activity improves symptoms in many patients, presumably
by increasing venous outflow from the leg. Although the
risk of post-phlebitic syndrome was once thought to be as
high as 30%–50%, evidence now suggests the risk of severe
post-phlebitic syndrome is less than 10%.

WHEN THE DISEASE PRESENTS
DURING HOSPITALIZATION

Acute DVT is frequently found in already-hospitalized pa-
tients. Typically, inpatients with new DVTs present with leg
(or arm) swelling that cannot be explained by their clinical
conditions. Risk factors include immobilization, recent
surgery (particularly orthopedic surgery), the presence of
malignancy, major trauma, chemotherapy, or overwhelm-
ing infections. The incidence of DVT among hospitalized
patients may be reduced if clinicians employ one of a vari-
ety of effective prevention strategies (17) (Table 52.4). For
patients undergoing major orthopedic surgery, an indirect
factor Xa inhibitor, fondaparinux, has been recently added
to the options for thromboprophylaxis (18).

Certain groups of hospital patients are at such high risk of
DVT that routine surveillance for DVT has been recom-
mended; for example, in some centers patients who undergo
orthopedic surgery on the legs are screened routinely at dis-
charge for DVT. These patients do not require predischarge
screening if they receive adequate antithrombotic prophy-
laxis (Table 52.4). Recent studies suggest that 28–35 days of
thromboprophylaxis (with either low-molecular-weight
heparin, fondaparinux, or therapeutic dose warfarin) is more
effective in reducing the risk of VTE than 7–10 days of pro-
phylaxis in patients with high risk of DVT, such as those who
have had total joint arthroplasty or repair of a fractured hip
(19–22).

Diagnostic testing options in symptomatic inpatients
are similar to those available for outpatients. Compression
ultrasound is the diagnostic test of choice. If the clinical
suspicion is high and the ultrasound is normal, either serial
ultrasonography or venography should be performed. The
D-dimer (previously discussed) has not been well studied
in inpatients. This test is likely to be less useful in this pop-
ulation because many inpatients have conditions that ele-
vate plasma D-dimer levels (e.g., recent surgery, malig-
nancy, infection).

Issues During the Course of Hospitalization

The clinical course of patients who have acute DVT that
develops during hospitalization is primarily dependent
upon their underlying conditions. Treatment with unfrac-
tionated or low-molecular-weight heparin should be initi-
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TABLE 52.4
EVIDENCE-BASED STRATEGIES TO PREVENT DEEP VENOUS THROMBOSIS AND PULMONARY
EMBOLISM IN HOSPITALIZED PATIENTS

Group Subgroup Level of risk Effective strategiesa

Surgical patients

Medical conditions

General surgeryb

General surgery

General surgery

General surgery

Elective hip replacementc

Elective knee replacement

Hip-fracture surgeryc

Intracranial neurosurgery

Acute spinal-cord injury

Trauma

Myocardial infarction

Ischemic stroke and 
lower-extremity paralysis

General medical patients

Low risk (�40 y of age, minor
operations, no clinical risk factors)

Moderate (�40 y of age, major
surgery, but no additional clinical
risk factors for DVT/PE)

Higher risk (�40 y of age, major
surgery, and with additional
clinical risk factors for DVT/PE)

Very high riskc (multiple risk factors
for DVT/PE)

With risk factors for DVT/PE

With risk factors for DVT/PE
(especially congestive heart
failure or pulmonary infection)

No prophylaxis other than early ambulation
and possibly compression stockings

LDUH, LMWH, IPC, or ES

LDUH or higher-dose LMWH; if prone to
wound complications (e.g., hematoma or
infection), IPC is a good alternative

LDUH or LMWH and IPC; in selected patients
postoperative warfarin (target INR of 2–3)

Fondaparinux (started 8–10 h after surgery),
LMWH (started 12–24 h after surgery) or
warfarin (INR 2–3; started preoperatively
or immediately after surgery)d, or
adjusted-dose heparin started
preoperatively; adjuvant prophylaxis with
ES or IPC may provide additional efficacy

Fondaparinux (started 8–10 hours after
surgery), LMWH or warfarin or IPC

Fondaparinux (started 8–10 hours after
surgery), preoperative LMWH, or warfarin
(INR 2–3, started perioperatively or
immediately after surgery)

IPC with or without ES; LMWH or LDUH may
be acceptable alternatives; in high-risk
patients, combining a physical modality
(IPC or ES) and pharmacologic modality
(LMWH or LDUH) may be more effective

LMWH; ES and IPC may be added to LMWH;
note that LDUH, ES, and IPC are
ineffective if used alone

LMWH if no contraindication; consider IPC if
LMWH delayed or contraindicated;
consider IVC filter if patient at high risk for
DVT/PE and unable to receive optimal
prophylaxis

LDUH (full anticoagulation is also effective);
IPC and possibly ES may be useful if
heparin contraindicated

LDUH or LMWH are effective; IPC and ES are
probably effective

LDUH or LMWH (Fondaparinux may be
effective but has not been approved for
this indication by regulatory bodies)

a In patients having a spinal puncture or an epidural catheter placed, LMWH should be used with caution.
b Aspirin is not recommended for prophylaxis in general surgery patients because other methods (shown in table) are more effective.
c Consider extended anticoagulation (29- to 35-d) based on studies demonstrating a reduced risk of thrombosis.
d Optimal duration of LMWH or warfarin prophylaxis is uncertain. At least 7–10 d is mandatory; emerging data suggest that a 29- to 35-d duration of
LMWH offers additional protection.
adjusted-dose heparin, 3,500 U unfractionated heparin given subcutaneously q8 h, with postoperative dose adjustments by �500 U to maintain aPTT
at high-normal values; aPTT, activated partial thromboplastin time; ES, elastic stockings; higher-dose LMWH, enoxaparin 4,000 U qd or 3,000 U bid,
or its equivalent; INR, international normalized ratio; IPC, intermittent pneumatic compression; IVC, inferior vena cava; LDUH, low-dose
unfractionated heparin (5,000 U q8–12 h); LMWH, low-molecular-weight heparin at standard doses (e.g., enoxaparin 2,000 U qd or its equivalent.)

ated, and the patient should be started on warfarin the
same day. Heparin (or low-molecular-weight heparin)
then should be discontinued 48 hours after the INR has
risen to a level between 2.0 and 3.0, provided the patient
has received heparin for a minimum of 4 days. Patients

usually begin to notice reduced pain and swelling in their
leg within 48 hours of starting the intravenous heparin.
Some patients, however, have prolonged symptoms that
may persist for months after the diagnosis of DVT. Occa-
sionally patients (particularly those with malignancy or
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those who develop heparin-induced thrombocytopenia)
develop severely impaired venous outflow from the leg
with associated venous gangrene. A variety of different in-
terventional techniques have been employed in these pa-
tients, including venous angioplasty and catheter-directed
clot lysis. However, none of these interventions has been
studied in a methodologically rigorous manner. Some pa-
tients, particularly those with malignancy and those with
disseminated intravascular coagulation, may develop DVT
in the setting of thrombocytopenia. In such cases, it gener-
ally is safe to anticoagulate the patient if his or her platelet
count is more than 50,000/mL. Patients with DVT and
platelet counts less than 30,000/mL should have a remove-
able IVC filter placed if possible. Occasionally patients are
found to have an asymptomatic DVT discovered during an
ultrasound performed for other reasons. In general, all
deep vein thrombi proximal to the knee or involving the
deep circulation of the arm should be treated, irrespective
of whether they produce symptoms. The incidentally dis-
covered calf vein thrombosis is more problematic; either
serial evaluation for proximal extension using ultrasonog-
raphy or treatment with heparin and an abbreviated course
of warfarin is probably adequate. Patients who develop
DVT or PE as inpatients, but who are otherwise eligible for
discharge, can be discharged on outpatient low-molecular-
weight heparin and treated as described previously.

Superficial phlebitis is a commonly encountered clinical
problem. Although it can occur in any superficial vein, it is
most commonly encountered in the long saphenous vein
of the leg. Superficial phlebitis is usually a self-limiting
disease responding to conservative treatment with anti-
inflammatory medications. Up to 15% of patients with
extensive superficial phlebitis have a DVT on objective
testing. Such patients should be treated for their DVTs, as
discussed previously. Patients who have less extensive
superficial phlebitis, or those with extensive phlebitis who
do not have DVT on objective testing, often benefit from a
short course (5–7 days) of low-dose subcutaneous UFH
(5,000–12,500 units subcutaneously twice daily), which
the patient can self-administer at home. Subsequently,
patients can be managed in most cases with anti-
inflammatory medications. Recalcitrant or recurrent super-
ficial phlebitis (particularly superficial phlebitis that recurs
in patients who are therapeutically anticoagulated) can be
a manifestation of underlying malignancy.

Catheter-related thrombosis is encountered with increas-
ing frequency. Most commonly encountered in the upper
extremity, catheter-related thrombosis presents with either
arm or neck swelling, signs of impaired venous outflow, or
catheter occlusion. Treatment is controversial; in particular,
it is unknown whether a functioning catheter should be
removed. Treatment with UFH or low-molecular-weight
heparin and warfarin is usually administered to prevent
proximal extension of the clot, superior vena cava syn-
drome, PE, and worsening of clinical symptoms. If the
thrombus is not causing clinical symptoms but is associ-

ated with dysfunction of the catheter, it can be cleared in
some cases with the local installation of thrombolytic med-
ication. If the catheter cannot be removed, treatment with
therapeutic doses of UFH or low-molecular-weight heparin
and warfarin may reduce symptoms. Although systemic
thrombolytic therapy has been employed in such patients
(Chapter 98), its use cannot be recommended, because
there are no rigorous studies demonstrating its utility. At
least one systematic review suggests the risk of catheter-
associated thrombosis can be reduced by either prophylac-
tic dose low-molecular-weight heparin or warfarin. How-
ever, the quality of available evidence is “fair” at best.

Septic thrombophlebitis is an uncommon clinical problem,
and there is no consensus regarding its management. When
deep veins are involved, treatment with therapeutic doses of
low-molecular-weight heparin or UFH followed by warfarin
is appropriate. Antibiotics should be administered, and the
patient followed for evidence of septic embolization. Al-
though both surgical removal of thrombus and throm-
bolytic therapy have been used in selected patients, their use
as initial therapy in uncomplicated cases cannot be endorsed
in the absence of appropriate studies demonstrating benefit.

Discharge Issues

All patients with symptomatic DVT should be discharged
on warfarin unless they have completed a full treatment
course in the hospital. The INR value should be maintained
between 2.0 and 3.0, and arrangements should be made for
monitoring as often as every 2–3 days for a short time after
hospital discharge. Patients should be educated at the time
of discharge (or soon thereafter) about precautions rele-
vant to warfarin therapy and signs of bleeding or recurrent
thrombosis. The optimal duration of anticoagulation is
described in Table 52.3.

COST CONSIDERATIONS AND
RESOURCE USE

Outpatient treatment of acute DVT substantially reduces
the cost of treating this disorder. The vast majority of pa-
tients (more than 90% in our experience) can be success-
fully treated as outpatients. Further cost savings, without
compromised patient care, could be realized by judicious
use of a diagnostic strategy employing clinically tested 
D-dimer assays in patients who have a low pretest proba-
bility of DVT.

The treatment course of heparin should not be shortened
to less than 4 days. However, patients frequently require
heparin therapy for more than 5 days because of difficulties
achieving adequate initial anticoagulation with warfarin.
The proportion of patients who achieve a therapeutic aPTT
within 2 days and a therapeutic INR value within 5 days can
be increased with the use of validated heparin and warfarin
initiation nomograms, respectively (Chapter 53).
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KEY POINTS

■ Patients presenting with suspected acute DVT should
have the diagnosis confirmed by objective testing.

■ Once the diagnosis of DVT has been confirmed, the ma-
jority of patients can be treated as outpatients with low
molecular weight heparin, although patients with co-
morbid conditions or those with symptomatic PE should
be admitted to the hospital.

■ Inpatients should be treated with intravenous UFH with
frequent monitoring of the aPTT, or with unmonitored,
weight-adjusted subcutaneous low molecular weight
heparin.

■ The duration of anticoagulant therapy should be indi-
vidualized based on the cause of the patient’s DVT.

■ The anticoagulant effect of warfarin should be moni-
tored closely throughout the treatment course (see Chap-
ter 53 for drug interactions).

■ Patients who have had a previous DVT or PE have a life-
long increased risk of having a second event and should
thus monitor themselves closely for symptoms suggest-
ing recurrence.

■ Hospitalized patients, particularly those with hip frac-
tures or who have undergone orthopedic surgery, are
at high risk for acute DVT and PE. Patients at risk
should receive prophylaxis with one of several effective
pharamacologic or nonpharmacologic modalities
(Table 52.4).

■ Extending prophylaxis for 3–6 weeks after surgery
should be considered in all patients who have under-
gone major orthopedic surgery on their legs.
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Pulmonary Embolism
Thomas M. Hyers

INTRODUCTION

Pulmonary embolism is a common disease, with an inci-
dence of 205 per 100,000 person-years. It accounts for as
many as 250,000 hospitalizations and 50,000 deaths annu-
ally in the United States. Diagnosing pulmonary embolism
remains one of the most challenging problems in hospital
medicine. Clinical signs and symptoms are nonspecific, and
treatment involves significant risk for bleeding. Even when
pulmonary embolism is diagnosed and treated, the 1-year
mortality rate approaches 25% (1). It is essential that every
physician caring for hospitalized adult patients be proficient
in diagnosing and treating this disorder. This chapter focuses
specifically on the diagnosis and management of pulmonary
embolism. The prevention, diagnosis, and treatment of deep
venous thrombosis are covered in Chapter 52.

ISSUES AT THE TIME OF ADMISSION

Clinical Presentation

The symptoms and signs of pulmonary embolism are non-
specific and are present in similar proportions of patients
with and without pulmonary embolism. However, 97% of
patients with pulmonary embolism have at least one symp-
tom of the following: dyspnea, pleuritic chest pain, or
tachypnea (2). Hemoptysis is uncommon. Chest wall ten-
derness suggests a musculoskeletal etiology for chest pain.
Unilateral leg tenderness or edema may be signs of deep ve-
nous thrombosis. In severely ill or postoperative patients,
signs and symptoms may be particularly subtle.

Given the lack of specificity of signs and symptoms, one’s
index of suspicion for pulmonary embolism often depends
on whether a patient has predisposing factors for the disease.
Patients at greatest risk for pulmonary embolism are those
with a history of venous thromboembolism and those with
cancer, congestive heart failure, recent surgery, or immobi-
lization. Other risk factors include use of oral contraceptives

or postmenopausal estrogen, pregnancy, and inherited or
acquired hypercoagulable disorders (Table 98.5).

INITIAL EVALUATION AND
DIFFERENTIAL DIAGNOSIS

The goal of the initial laboratory evaluation is to exclude
other diseases in the differential diagnosis and to refine
the clinical probability of disease. The initial laboratory
evaluation includes an arterial blood gas determination,
chest radiograph, and electrocardiogram. Eighty-one per-
cent of patients with pulmonary embolism have an arterial
oxygen tension (PaO2)�80 mm Hg and 89% have an alve-
olar–arterial gradient �20 mm Hg. However, hypoxia is
common in patients with illnesses that mimic pulmonary
embolism. The main value of the arterial blood gas is,
therefore, to recognize and treat hypoxia rather than to
rule in or rule out pulmonary embolism.

A chest radiograph is essential for excluding conditions
such as pneumonia, pneumothorax, aortic dissection, and
cancer, and for aiding in interpretation of the lung scan.
The most common radiographic findings in pulmonary
embolism (atelectasis, parenchymal infiltrates, and pleural
effusions) are commonly seen with other diseases. Normal
chest radiographic findings occur in only 12% of patients
with pulmonary embolism.

The electrocardiographic findings are also frequently
unhelpful. The “classic” finding of S1–Q3–T3 is both rare
and nonspecific. The primary value of the electrocardio-
gram is, then, to exclude the diagnoses of myocardial in-
farction and pericarditis.

After completing the history, physical examination, and
simple laboratory tests, the clinician should estimate
the probability of pulmonary embolism. Although research
has not identified precisely how to estimate this probabil-
ity, studies indicate that experienced clinicians can do so
reproducibly. The probability of pulmonary embolism is
low in the absence of a predisposing factor, when the

53
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history or physical findings suggest another disease, or
when the arterial blood gas values are normal. When
patients have a predisposing factor or when their history
or physical examination findings are consistent with
pulmonary embolism without an alternative diagnosis,
the probability of pulmonary embolism is high. Other
patients (the majority) fall into the intermediate clinical
probability group.

DIAGNOSTIC STUDIES

A New Diagnostic Strategy Using Spiral
Computed Tomography (CT) Scanning

Although the literature has traditionally used the ventila-
tion-perfusion scan as the lynchpin of the diagnostic algo-
rithm, a number of recent prospective studies using spiral
contrast chest CT scanning as the principal or only screen-
ing study for pulmonary embolism (PE) have shown that a
negative spiral CT identifies a population at very low risk
(�2%) for subsequent venous thromboembolism (VTE)
(3–5). In a few studies, the venous phase of the contrast has
also been used to produce an image of the deep veins of the
legs following imaging of the pulmonary vasculature. The
venous CT of the legs appears to have similar sensitivity
and specificity to that of duplex ultrasound of the legs (6)
(see Chapter 52). Moreover, the test is readily available and

can also identify other pathology that may mimic PE. Be-
cause of these virtues, in many centers spiral contrast chest
CT has replaced ventilation-perfusion lung scanning as the
initial screening test for PE. The major drawback of the
study is the risk of contrast-induced renal injury in patients
with borderline renal function, especially in diabetics. In
this setting, the ventilation-perfusion lung scanning con-
tinues to be the initial test of choice.

If spiral CT scanning is used as the initial diagnostic test,
an effective algorithm should incorporate both a clinical
probability estimate and the use of leg ultrasound or leg ve-
nous CT. The rationale behind leg testing is the relatively
low sensitivity of the chest spiral CT when pulmonary em-
boli involve subsegmental or smaller pulmonary arteries.
As advanced multidetector CT scanners come into use, the
current sensitivity of spiral CT (around 80%) for PE will
likely improve, which may influence the algorithm. For
now, the combination of chest spiral CT scan and a leg
study improves the overall sensitivity for detecting VTE to
greater than 90%. A positive result for either the chest CT
scan or leg study mandates anticoagulation. If both chest
and leg studies are negative and the clinical probability es-
timate is low or intermediate, anticoagulation can reason-
ably be withheld. If both tests are negative but the clinical
probability estimate is high, the physician should perform
pulmonary angiography. Figure 53.1 shows an algorithm
for utilizing spiral contrast chest CT in diagnosing PE. This
approach has recently been reviewed in greater detail (7).
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injection for chest CT scan; D-US, duplex ultra-
sound of the lower extremities.
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Other Tests for Pulmonary Embolism

Ventilation-Perfusion Lung Scanning

The ventilation-perfusion lung scan result is classified as
normal, low probability, intermediate probability, or high
probability. A normal perfusion lung scan excludes pul-
monary embolism. Pulmonary embolism is present in
86%–87% of patients with a high-probability scan and in
30%–34% of patients with an intermediate-probability
scan. In two prospective series, patients with a low-proba-
bility scan had a 14%–31% incidence of pulmonary em-
bolism (8). Looking at it another way, only 41% of patients
with angiographically proven pulmonary embolism have a
high-probability scan; an intermediate-probability scan is
present in 42%, and a low-probability scan in 16%.

As in CT-scan based algorithms, an estimate of the clini-
cal probability of pulmonary embolism should be com-
bined with the lung scan interpretation to further refine the
diagnostic probabilities (see Table 53.1). In patients for
whom the lung scan and clinical probability agree (high-
probability lung scan and high clinical probability, or low-
probability lung scan and low clinical probability), the lung
scan is highly accurate, and clinicians will generally assume
(high-probability scan) or exclude (low-probability scan)
the diagnosis of pulmonary embolus without further
testing. When the lung scan probability and clinical proba-
bility are discordant, the probability of disease is about
40%–56%, which suggests that additional studies are
needed. Additional studies are also needed when the scan is
read as intermediate probability because an intermediate-
probability scan has a likelihood ratio of 1 (meaning that the
posttest probability is the same as the pretest probability of
pulmonary embolism; see Chapter 6).

Venous Studies

Pulmonary embolism and deep venous thrombosis are
two manifestations of one illness, VTE. Because patients
with pulmonary embolism frequently have deep venous

thrombosis, a commonly used adjunct to the ventilation-
perfusion diagnostic algorithm is evaluation of the legs
for deep venous thrombosis. In this strategy, duplex
ultrasonography is performed in patients with low- or
intermediate-probability lung scans. Patients with high-
probability lung scans or positive findings on venous
studies are treated with anticoagulation therapy. Patients
with low- or intermediate-probability lung scans (“nondi-
agnostic”) and negative initial results on leg ultrasonogra-
phy undergo a second venous study 4–7 days later. The
purpose of this follow-up is to detect the proximal migra-
tion of a distal deep venous thrombosis, which may not
have been evident on the initial duplex ultrasonogram. If
the venous study does not show deep venous thrombosis,
the patients are followed. In large studies of patients with
normal or nondiagnostic lung scans and negative results
on venous studies, the incidence of deep venous throm-
bosis or pulmonary embolism at 3-month follow-up was
approximately 2% (9). Patients with poor cardiovascular
reserve were excluded from these studies because of fear
that they might not tolerate emboli missed by this diag-
nostic strategy.

Conventional Pulmonary Angiogram

The demonstration of an intraluminal filling defect by pul-
monary angiogram is the “gold standard” diagnostic test
for pulmonary embolism. A negative result on pulmonary
angiography excludes acute pulmonary embolism in
99.4% of patients. Pulmonary angiography is indicated
when (a) the diagnosis is uncertain after CT or lung scan-
ning and leg studies, (b) the patient has a high-probability
lung scan but is at high risk for bleeding from anticoagula-
tion, and (c) thrombolytic therapy is anticipated.

Complications of pulmonary angiography are uncom-
mon. Death attributable to the procedure occurs in 0.5% of
patients. Major complications occur in 1% and include
renal failure, bleeding at the puncture site that requires
transfusion, and respiratory distress leading to intubation
or cardiopulmonary resuscitation. Complications appear
to be more common in patients with pulmonary hyperten-
sion. Minor complications occur in 5% of patients and in-
clude urticaria, pruritus, and mild renal insufficiency.

New Diagnostic Tests

Several new tests are being used to diagnose pulmonary
embolism. Magnetic resonance angiography appears to
be a promising new test for pulmonary embolism. In
comparison with standard angiography, its sensitivity
ranges from 75%–100% and its specificity from
95%–100% (10). Additional studies in larger numbers of
patients from different centers are needed to fully assess the
performance of this test. Studies using a whole blood-based
assay or a rapid enzyme-linked immunosorbent assay
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TABLE 53.1
PROBABILITY OF PULMONARY EMBOLISM
BASED ON COMBINATIONS OF CLINICAL
PROBABILITY AND LUNG SCAN RESULTS

Clinical High-probability Low-probability
probability lung scan lung scan

�80% 96% 40%
20%–79% 88% 16%
�20% 56% 2%

From Value of the ventilation/perfusion scan in acute pulmonary
embolism: results of the Prospective Investigation of PE Diagnosis
(PIOPED). The PIOPED Investigators. JAMA 1990;263:2753–2759, with
permission.
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(ELISA) for D-dimer demonstrate a high negative predic-
tive value of a low or normal D-dimer level. D-dimer assays
are most useful in low- to moderate-risk outpatients (11).
D-dimer assays are not particularly useful for excluding ve-
nous thromboembolism in higher-risk hospital inpatients
because the great majority of these patients will have ele-
vated D-dimer levels for nonspecific reasons. In general, a
negative D-dimer assay in an outpatient with a low clinical
probability of PE is as useful as a normal lung scan (12).
The test is further described in Chapter 52.

Diagnostic Strategy Using Ventilation-
Perfusion Lung Scanning

Figure 53.2 outlines a widely recommended, more tradi-
tional diagnostic strategy based on ventilation-perfusion
lung scanning. It begins with a careful history to identify
predisposing factors, a physical examination, and initial
laboratory tests to determine the pretest probability of dis-
ease. A ventilation-perfusion scan is performed next and in-
terpreted in the context of the clinical suspicion of disease.
Patients with a high clinical pretest probability and a high-
probability ventilation-perfusion scan have a 96% likeli-
hood of disease, and should be treated without further
tests. Patients with a high-probability lung scan and a low
clinical probability of disease have a 56% likelihood of dis-
ease. Patients with a high-probability lung scan and a prior

history of pulmonary embolism have a 75% likelihood of
disease (3). These latter two groups of patients should un-
dergo either duplex ultrasonography, CT scanning, or pul-
monary angiography to confirm the presence of throm-
boembolism. If ultrasonography is chosen first and the
result is negative, CT scanning or angiography should be
performed.

Low- or intermediate-probability scans are best thought of as
nondiagnostic. The exception is in those patients with low-
probability scans and a low clinical probability of disease,
in whom the probability of pulmonary embolism is suffi-
ciently low (2%) that other diagnoses can be pursued. In all
other cases of nondiagnostic scans, duplex ultrasonogra-
phy, CT scanning, or pulmonary angiography should be
performed. Because the research evaluating the use of serial
negative venous studies excluded patients with significant
cardiopulmonary disease, such patients should either go
directly to pulmonary angiography or undergo duplex ul-
trasonography first and then pulmonary angiography if the
results of ultrasonography are negative. In patients without
cardiopulmonary disease, strategies employing serial du-
plex ultrasonography or pulmonary angiography are both
reasonable. Finally, the diagnostic strategy should be mod-
ified in patients who are at high risk for bleeding from an-
ticoagulation or in whom thrombolytic therapy will be
used. Pulmonary angiography should be performed on
these patients.
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Figure 53.2 Diagnostic strategy for suspected pulmonary embolism using ventilation-perfusion
lung scanning. Numbers in parentheses represent probability of pulmonary embolism for the subset
of patients. ABG, arterial blood gas; PE, pulmonary embolism.
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INDICATIONS FOR INTENSIVE CARE
UNIT ADMISSION AND CONSULTATION

Patients with hemodynamic instability or severe hypoxia,
particularly in the presence of comorbid conditions,
should be monitored in the ICU. A pulmonary consulta-
tion may be helpful, particularly if ventilatory or vasopres-
sor support is anticipated.

INITIAL THERAPY

Intravenous (IV) heparin should be started immediately,
even before a definitive diagnosis is made, if there is no
contraindication to anticoagulation. The goal of heparin
therapy is to prevent the recurrence or continued growth of
thrombi. Heparin does not prevent embolism or promote
thrombus resolution. Thrombolytic therapy is reserved for
patients with hemodynamic compromise resulting from

massive pulmonary emboli. A vena cava filter is indicated
when anticoagulation is contraindicated or unsuccessful
(Figure 53.3).

Unfractionated heparin is administered by continuous IV
infusion after an initial bolus of 80 units/kg. The activated
partial thromboplastin time (aPTT) is measured 6 hours
later, and the heparin dose is adjusted to maintain the aPTT
at 1.5 to 2 times normal. A weight-based nomogram (Table
53.2) should be used to choose the dose because studies
demonstrate that using the old standard dose of 1,000
units/h usually results in subtherapeutic aPTT values (13).
Moreover, because aPTT values vary from site to site, every
laboratory should establish target aPTT values that corre-
spond to therapeutic anti-Xa heparin levels (Chapter 98). If
the aPTT is subtherapeutic after the initial heparin bolus
and infusion, the infusion is increased after a repeated bo-
lus. Heparin-induced thrombocytopenia occurs in approxi-
mately 3% of patients who receive heparin for at least 7
days and can lead to arterial and venous thrombosis. The
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Figure 53.3 Treatment algorithm for pulmonary
embolism.

TABLE 53.2
WEIGHT-BASED NOMOGRAM FOR UNFRACTIONATED HEPARIN
ADMINISTRATION

Dose change (U/kg per hour) Additional action

Initial dose 18 U/kg per hour Bolus 80 U/kg

aPTT results after 4–6 hours:

�35 (�1.2 � control) Increase 4 U/kg Repeat bolus 80 U/kg
35–45 (1.2–1.5 � control) Increase 2 U/kg Repeat bolus 40 U/kg
46–70 (1.5–2.3 � control) No change None
71–90 (2.3–3.0 � control) Decrease 2 U/kg None
�90 (�3 � control) Decrease 3 U/kg Hold infusion for 1 hour

aPTT, activated partial thromboplastin time.
From Raschke RA, Reilly BM, Guidry JR, Fontana JR, Srinivas S. The weight-based heparin dosing
nomogram compared with a “standard care” nomogram. Ann Intern Med 1993;119:874–881, with
permission.
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This class of drugs has the advantages of not requiring aPTT
monitoring and of being administered by subcutaneous
injection once or twice per day. However, it costs more
and has a longer half-life, and its effects cannot be com-
pletely reversed by protamine, features which make it less
attractive than unfractionated heparin for routine use in
hospitalized patients with complicated disease. Whether
stable patients with pulmonary embolism can be managed
as outpatients on low-molecular-weight heparin has not yet
been clearly demonstrated, and at this time patients with
pulmonary embolism are nearly always hospitalized. How-
ever, an outpatient treatment strategy (if proved safe and ef-
fective) would save considerable resources and is used in
low-risk patients in some settings (18). The risks for bleed-
ing, recurrent disease, and death are comparable to those of
unfractionated heparin. Thrombocytopenia occurs less
frequently with low-molecular-weight than with unfrac-
tionated heparin, but low-molecular-weight heparin is con-
traindicated in patients with thrombocytopenia caused by
unfractionated heparin because of cross-reactivity between
the two types of heparin. There are limited data contrasting
the various low-molecular-weight heparin preparations
(Chapter 98).

Thrombolytic therapy should be considered (in the ab-
sence of contraindications) for patients with massive pul-
monary embolism complicated by hypotension. Efforts to
enlarge the indications for thrombolytic therapy in pul-
monary embolism have been hampered by the higher in-
cidence of major bleeding associated with lytic therapy
and the lack of a proven survival benefit. A recent study
that proposed wider indications for thrombolytic therapy
in PE reported a very low bleeding rate that has not gener-
ally been matched in the clinical use of alteplase (19). If
possible, patients should first undergo pulmonary angiog-
raphy to document the presence of disease even though
bleeding often occurs at the puncture site. Thrombolytics
reduce pulmonary artery pressure and improve pulmonary
artery perfusion within 2 hours. Within 5 days of treat-
ment, however, the perfusion of patients receiving heparin
(as measured by lung scan) is equal to the perfusion of pa-
tients receiving thrombolytic treatment. The studies evalu-
ating thrombolytics have been too small to demonstrate
reduced mortality, and there are limited data comparing
different drugs and doses (Table 53.4).

Absolute contraindications to thrombolytics include ac-
tive internal bleeding, stroke or other active intracranial
process within 2 months, and surgery within 10 days. Al-
though a number of other relative contraindications exist,
thrombolytic therapy is a potentially life-saving measure in
the context of a massive pulmonary embolism and hy-
potension. In this setting, if thrombolytics are contraindi-
cated, transvenous catheter embolectomy should be tried
(20). Surgical embolectomy is indicated only as a last re-
sort, and even then only if the clot is located in a surgically
accessible site.

thrombocytopenia usually appears between days 5 and 9 of
therapy, but a delayed-onset variant can appear after hep-
arin has been discontinued (14). Heparin is associated with
mild liver enzyme elevations after 5–10 days of treatment.
Long-term use of heparin can lead to osteoporosis and can
rarely cause hyperkalemia from hypoaldosteronism.

Warfarin should be started on the day of diagnosis. War-
farin reduces protein C levels (an inhibitor of coagulation)
more quickly than it reduces factors II, IX, and X and may
create a relative hypercoagulable state for the first 4 days. For
this reason, warfarin should not be started until after heparin
has been administered (although it is not necessary to wait
for a therapeutic aPTT), and heparin is continued at least for
5 days, even if the prothrombin time is within the therapeu-
tic range sooner. A 5-mg loading dose of warfarin should
generally be used instead of 10 mg because 5 mg produces
less excess anticoagulation (15). Heparin is discontinued
when the prothrombin time has been in the therapeutic
range (international normalized ratio [INR] of 2 to 3) for 2
days. Table 53.3 provides a warfarin dosing protocol.

Recent evidence suggests that low-molecular-weight hep-
arin is an effective and safe alternative to unfractionated IV
heparin in the treatment of pulmonary embolism (16,17).
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TABLE 53.3
ORAL ANTICOAGULATION WITH WARFARIN

Day INR Warfarin dose

1 5.0 mg
2 �1.5 5.0 mg

1.5–1.9 2.5 mg
2.0–2.5 1.0–2.5 mg
�2.5 0.0

3 �1.5 5.0–10.0 mg
1.5–1.9 2.5–5.0 mg
2.0–3.0 0.0–2.5 mg
�3.0 0.0

4 �1.5 10.0 mg
1.5–1.9 5.0–7.5 mg
2.0–3.0 0.0–5.0 mg
�3.0 0.0

5 �1.5 10.0 mg
1.5–1.9 7.5–10.0 mg
2.0–3.0 0.0–5.0 mg
�3.0 0.0

6 �1.5 7.5–12.5 mg
1.5–1.9 5.0–10.0 mg
2.0–3.0 0.0–7.5 mg
�3.0 0.0

Initial dose is 5 mg (7.5 mg for patients �85 kg).
For inpatients, INR should be monitored daily; any increase �0.3–
0.4 U/d should result in warfarin dose reduction.
INR, international normalized ratio.
From Harrison L, Johnston M, Massicotte MP, Crowther M, Moffat K,
Hirsh J. Comparison of 5 mg and 10 mg loading doses in initiation of
warfarin therapy. Ann Intern Med 1997;126:133–136; and Crowther
MA, Harrison L, Hirsh J. Warfarin: less may be better. Ann Intern Med
1997;127:332–333, with permission.
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symptoms; the overall in-hospital mortality rate is about
10% (1). Pulmonary embolism recurs in about 8% of pa-
tients within 1 year of diagnosis and is associated with a
45% mortality rate. Only 2.5% of patients with pulmonary
embolism die of the embolism itself; most deaths occur in
patients with recurrent disease and are caused by underly-
ing diseases such as cancer and infection (1).

Although they vary a great deal depending on size and
location, pulmonary emboli begin to resolve within 24
hours on average, and by 2 weeks 50% of perfusion has re-
turned. Clinical improvement should parallel the perfu-
sion changes, with significant improvement seen by day 2
or 3. The symptoms and signs in a patient not improving
include continued or worsening dyspnea, new chest pain,
fever, tachycardia, and hypoxia. Failure to improve after 2
to 3 days of therapy suggests the possibility of recurrent
pulmonary embolism, worsening of the underlying disor-
der (i.e., congestive heart failure), bleeding, or develop-
ment of a new problem, such as pneumonia or myocardial
infarction. Arterial blood gases, hemoglobin level, and
aPTT should be determined, and a chest radiograph and
electrocardiogram should be obtained. The diagnosis of re-
current pulmonary embolism is demonstrated by the find-
ing of a new perfusion defect on lung scan or a new intra-
luminal filling defect on pulmonary angiogram or chest CT
scan. It is important to diagnose recurrent pulmonary em-
bolism promptly because the insertion of an inferior vena
cava filter is indicated in patients who have failed anticoag-
ulation. Even in the absence of a recurrence, the condition
of a patient who was initially hemodynamically stable may
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TABLE 53.4
ANTICOAGULANTS USED TO TREAT PULMONARY EMBOLISM

Drug Dose Costa

Unfractionated heparin Weight-based (Table 53.2) $5–$7 daily

Low-molecular-weight heparin
Dalteparin (Fragmin) 100 U/kg twice daily $51 daily
Enoxaparin (Lovenox) 1 mg/kg twice daily $55 daily
Nadroparin (Fraxiparin) 90 U/kg twice daily NA
Tinzaparin (Logiparin) 175 U/kg once daily $41 daily

Thrombolytic agents
Streptokinase (Streptase) 250,000 IU loading dose $904–$1,228 per course

100,000 IU/h for 24 h
Urokinase (Abbokinase) 4,400 IU/kg loading dose $5,460 per course

4,400 IU/kg/h for 12 h
Alteplase/tissue 100 mg over 2 h or $2,750 per course

plasminogen activator 40 mg over 2 min $1,100 per course
(Activase)

Warfarin sodium (Coumadin) 5 mg loading dose (Table 53.3) $0.57 daily
Maintenance dose varies

a Cost based on average wholesale price, May 1998.
NA, not approved in the United States.

Inferior vena cava filters are indicated for patients with (a)
deep venous thrombosis or pulmonary embolism when
anticoagulation is contraindicated, (b) recurrent throm-
boembolism despite adequate anticoagulant therapy, and
(c) deep venous thrombosis or pulmonary embolism and
such severe concomitant cardiopulmonary disease that a
subsequent embolus might be fatal.

Several types of inferior vena cava filters are available;
the best known are the Greenfield and the Bird’s Nest. Both
are placed IV into the inferior vena cava to prevent a clot
from passing from the lower-extremity venous system into
the pulmonary circulation. Mortality from filter insertion is
rare. Complications are unusual; they include misplace-
ment, air embolism, hematoma, infection, pneumothorax,
filter migration, and deep venous thrombosis. In one clin-
ical trial, prophylactic insertion of filters in patients with
proximal deep venous thrombosis reduced the risk for pul-
monary embolism but nearly doubled the risk for recurrent
deep vein thrombosis (21). Therefore, in the absence of a
contraindication, anticoagulation therapy should be initi-
ated after insertion of the filter.

ISSUES DURING THE COURSE OF
HOSPITALIZATION

The first few hours after presentation are the most critical.
Diagnostic tests should be promptly conducted and antico-
agulation initiated without delay. Patients with massive
pulmonary embolism may die within hours of the onset of
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deteriorate so that the patient becomes a candidate for
thrombolytic therapy.

There is an increased incidence of cancer in the first 6
months after the diagnosis of VTE (with 40% of cancers
having distant metastases) (22). Such cancers can usually
be identified by a thorough history, physical examination,
and routine laboratory studies. See Chapter 98 for a fuller
discussion of hypercoagulable states.

DEVELOPMENT OF PULMONARY
EMBOLISM IN THE HOSPITAL

The presentation of pulmonary embolism may be quite
subtle in the postoperative or hospitalized patient; as a re-
sult, the diagnosis will be missed unless consciously con-
sidered. The majority of patients in whom an embolism
develops during their hospital stay are not receiving ade-
quate thromboembolic prophylaxis. A typical patient pre-
sents several days after orthopedic, oncologic, or neuro-
logic surgery or after admission for congestive heart
failure, stroke, or pneumonia. The diagnostic workup and
treatment are identical to those for patients presenting to
the hospital. However, thrombolytic therapy is con-
traindicated in patients who have recently undergone
surgery.

General issues regarding prophylaxis for deep venous
thrombosis and pulmonary embolism are covered in
Chapter 52.

DISCHARGE ISSUES

Stable patients can be discharged from the hospital on war-
farin therapy once the INR is 2 to 3, or 48 hours after an in-
ferior vena cava filter has been placed. The patient should
be seen in the office within 2 weeks to evaluate clinical sta-
tus, review current medications, emphasize the need for
regular measurement of the INR, and reinforce that new
medications must not be taken without speaking to the
doctor. Patients and physicians should be aware of the
many medications that can interact with warfarin (Table
53.5). The duration of warfarin therapy varies, depending
on the presence of ongoing predisposing factors and
whether the thromboembolic event was the first or recur-
rent; however, recent research supports longer treatment
courses for many patients (23) (Chapter 52).

Two strategies designed to shorten hospital stay can be
considered in stable patients who are otherwise healthy.
First, a patient might be transferred to a subacute facility to
continue IV unfractionated heparin therapy until the pro-
thrombin time is therapeutic. Alternatively, some patients
can be discharged home after a switch from IV unfraction-
ated heparin to low-molecular-weight heparin a few days
into the hospitalization, or even treated completely on an

outpatient basis. In either case, low-molecular-weight hep-
arin is discontinued once the prothrombin time is thera-
peutic on warfarin. Preliminary evidence suggests that
some patients with both deep venous thrombosis and pul-
monary embolism can be safely treated at home with low-
molecular-weight heparin (24), but more research is
needed before outpatient therapy can be recommended as
standard treatment for pulmonary embolism (18).
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TABLE 53.5
DRUGS THAT ALTER ANTICOAGULANT
RESPONSE TO WARFARINa

Prothrombin time increased by

Antimicrobials
� Ciprofloxacin � Fluconazole
� Erythromycin � Itraconazole
� Isoniazid � Ketoconazole
� Metronidazole

Analgesics
� Piroxicam

HMG CoA reductase inhibitors
� Any “statin” (e.g., lovastatin

or simvastatin)

Antiarrhythmics
� Amiodarone � Propafenone

Sulfa agents
� Disulfiram � TMP/SMX

Miscellaneous
� Omeprazole � Clofibrate
� Cimetidine

Prothrombin time decreased by

Agents that induce cytochrome P-450
� Barbiturates � Rifampin
� Carbamazepine

Vitamin K
� Polyvitamin preparations

Miscellaneous
� Griseofulvin � Sucralfate
� Nafcillin � Dicloxacillin
� Bile resins (e.g., cholestyramine)

Warfarin interacts with coagulation factors that are dependent on
vitamin K. Any disease state or drug therapy that affects vitamin K will
also affect warfarin response.
Drugs that affect platelet function (e.g., aspirin, ticlopidine, NSAIDs,
and the anti-GP IIb/IIIa inhibitors) may increase the risk for bleeding
when used in conjunction with warfarin.
Warfarin should not be administered during pregnancy.
a This list is not all-inclusive. It is recommended that the INR be
checked after any drug therapy is initiated or modified.
GP, glycoprotein; INR, international normalized ratio; TMP/SMX,
trimethoprim/sulfamethoxazole.
Table courtesy of Steve Kayser, Pharm.D., and Julie Hambleton, M.D.,
with permission.

26410 ch 053  3/11/05  4:19 PM  Page 512



The long-term prognosis depends on the patient’s
underlying medical problems. The 1-year mortality rate
is about 24% (1). The conditions associated with in-
creased 1-year mortality in patients with pulmonary
embolism are malignancy, left-sided congestive heart fail-
ure, and chronic lung disease.

COST CONSIDERATIONS

The drug costs of low-molecular-weight heparin are 10
times those of unfractionated heparin. The early-discharge
strategies previously described (to a subacute facility for
continued IV heparin or to home for low-molecular-weight
heparin) are relatively untested but have the potential to re-
duce both hospital length of stay and cost. It is important
to determine whether the patient’s insurance plan will pay
for outpatient treatment with low-molecular-weight hep-
arin or for subacute rehabilitation.

KEY POINTS

■ The signs and symptoms of pulmonary embolism are
nonspecific. However, 97% of patients with pulmonary
embolism have one or more of the following symptoms:
dyspnea, pleuritic chest pain, or tachypnea.

■ Normal findings on a perfusion lung scan effectively
exclude important pulmonary embolism. Pulmonary
embolism is present in 86%–87% of patients with a
high-probability scan and in 14%–31% of patients with
a low-probability scan.

■ Only 41% of patients with pulmonary embolism have a
high-probability ventilation-perfusion lung scan. An in-
termediate-probability scan is present in 42%, and a
low-probability scan in 16%.

■ A negative spiral CT scan coupled with a negative leg
study (either duplex ultrasound or “CT venogram”)
identifies a patient at low risk for venous thromboem-
bolism. It appears that anticoagulation can be withheld
in these patients.

■ Pulmonary embolism and deep venous thrombosis are
two manifestations of one illness, venous throm-
boembolism, and a commonly used diagnostic strat-
egy includes evaluation of the legs for deep venous
thrombosis.

■ A weight-based algorithm should be used to choose the
dose of intravenous heparin because studies demon-
strate that using a fixed dose of 1,000 U/h usually results
in a subtherapeutic activated partial thromboplastin
time. The role of low-molecular-weight heparin in the
treatment of pulmonary embolism is still being defined.

■ A 5–10 mg loading dose of warfarin should be used in-
stead of higher doses because the 5–10 mg dose pro-
duces less excess anticoagulation.

REFERENCES

1. Carson JL, Kelley MA, Duff A, et al. The clinical course of pul-
monary embolism. N Engl J Med 1992;326:1240–1245.

2. Stein PD, Saltzman HA, Weg JG. Clinical characteristics of patients
with acute pulmonary embolism. Am J Cardiol 1991;68:1723–1724.

3. van Strijen MJ, de Monye W, Schiereck J, et al. Single-detector
helical computed tomography as the primary diagnostic test
in suspected pulmonary embolism: a multicenter clinical man-
agement study of 510 patients. Ann Intern Med 2003;
138:307–314.

4. Swensen SJ, Sheedy PF 2nd, Ryu JH, et al. Outcomes after
withholding anticoagulation from patients with suspected acute
pulmonary embolism and negative computed tomographic find-
ings: a cohort study. Mayo Clin Proc 2002;77:130–138.

5. Perrier A, Howarth N, Didier D, et al. Performance of helical
computed tomography in unselected patients with suspected
pulmonary embolism. Ann Intern Med 2001;135:99–97.

6. Loud PA, Katz DS, Bruce DA, Klippenstein DL, Grossman ZD.
Deep venous thrombosis with suspected pulmonary embolism:
detection with combined CT venography and pulmonary angiog-
raphy. Radiology 2001;219:498–502.

7. Fedullo PF, Tapson VF. The evaluation of suspected pulmonary
embolism. N Engl J Med 2003;349:1247–1256.

8. Value of the ventilation/perfusion scan in acute pulmonary
embolism: results of the Prospective Investigation of PE Diagno-
sis (PIOPED). The PIOPED Investigators. JAMA 1990;263:
2753–2759.

9. Hull RD, Raskob GE, Ginsberg JS, et al. A noninvasive strategy for
the treatment of patients with suspected pulmonary embolism.
Arch Intern Med 1994;154:289–297.

10. Meaney JF, Weg JG, Chenevert TL, Stafford-Johnson D, Hamilton
BH, Prince MR. Diagnosis of pulmonary embolism with magnetic
resonance angiography. N Engl J Med 1997;336:1422–1427.

11. Wells PS, Anderson DR, Rodger M, et al. Evaluation of D-dimer in
the diagnosis of suspected deep-vein thrombosis. N Engl J Med
2003;349:1227–1235.

12. Stein PD, Hull RD, Patel KC, et al. D-dimer for the exclusion of
acute venous thrombosis and pulmonary embolism: a systematic
review. Ann Intern Med 2004;140:589–602.

13. Raschke RA, Reilly BM, Guidry JR, Fontana JR, Srinivas S. The
weight-based heparin dosing nomogram compared with a “stan-
dard care” nomogram. Ann Intern Med 1993;119:874–881.

14. Warkentin TE, Kelton JG. Delayed-onset heparin-induced
thrombocytopenia and thrombosis. Ann Intern Med 2001;135:
502–506.

15. Harrison L, Johnston M, Massicotte MP, Crowther M, Moffat
K, Hirsh J. Comparison of 5-mg and 10-mg loading doses in
initiation of warfarin therapy. Ann Intern Med 1997;126:133–136.

16. The Columbus Investigators. Low-molecular-weight heparin in
the treatment of patients with venous thromboembolism. N Engl
J Med 1997;337:657–662.

17. Simonneau G, Sors H, Charbonnier B, et al. A comparison of low-
molecular-weight heparin with unfractionated heparin for acute
pulmonary embolism. The THESEE Study Group (tinzaparine ou
héparine standard: évaluations dans l’embolie pulmonaire). N
Engl J Med 1997;337:663–669.

18. Wells PS, Buller HB. Outpatient treatment of patients with pul-
monary embolism. Semin Vasc Med 2001;1:229–234.

19. Konstantinides S, Geibel A, Heusel G, et al. Heparin plus
alteplase compared with heparin alone in patients with
submassive pulmonary embolism. N Engl J Med 2002;
347:1143–1150.

20. Koning R, Cribier A, Gerber L, et al. A new treatment for severe
pulmonary embolism: percutaneous rheolytic thrombectomy.
Circulation 1997;96:2498–2500.

21. Decousus H, Leizorovicz A, Parent F, et al. A clinical trial of vena
caval filters in the prevention of pulmonary embolism in patients
with proximal deep-vein thrombosis. N Engl J Med 1998;338:
463–464.

22. Sorensen HT, Mellemkjaer L, Blot WJ, et al. The risk of a diagnosis
of cancer after primary deep venous thrombosis or pulmonary
embolism. N Engl J Med 1998;338:1169–1173.

Chapter 53: Pulmonary Embolism 513

26410 ch 053  3/11/05  4:19 PM  Page 513



23. Ridker PM, Goldhaber SZ, Danielson E, et al. Long-term, low-
intensity warfarin therapy for the prevention of recurrent venous
thromboembolism. N Engl J Med 2003;348:1225–1234.

24. Wells PS, Kovacs MJ, Bormanis J, et al. Expanding eligibility for
outpatient treatment of deep venous thrombosis and pulmonary
embolism with low-molecular-weight heparin: a comparison of
patient self-injection with homecare injection. Arch Intern Med
1998;158:1809–1812.

ADDITIONAL READING
Hyers TM. Venous thromboembolism. Am J Respir Crit Care Med

1999;159:1–14.
Hyers TM. Management of venous thromboembolism: past, present

and future. Arch Intern Med 2003;163:759–768.
Seventh ACCP Conference on Antithrombotic and Thrombolytic

Therapy. Chest 2004;126(Suppl).

514 Section V: Vascular Medicine

26410 ch 053  3/11/05  4:19 PM  Page 514



VIPulmonary Medicine

26410 ch 054  3/11/05  4:20 PM  Page 515



26410 ch 054  3/11/05  4:20 PM  Page 516



Signs, Symptoms, and

Laboratory

Abnormalities in

Pulmonary Medicine
Meshell D. Johnson Paul G. Brunetta

becoming an important noninvasive method of staging
mediastinal lymph nodes in lung cancer and is having an
impact on the evaluation of solitary pulmonary nodules
(Chapter 61).

Despite these advances, excellence in history taking
and physical examination remains extremely important in
pulmonary medicine. Like the skin and gastrointestinal
tract, the lungs function mainly to interface with the envi-
ronment. This fact makes the occupational, substance
abuse, and travel history vital parts of the initial patient
assessment. The control of respiration during sleep has a
great effect on daily life and activity, and disorders of
sleep and obstructive apnea are extremely common and
increasingly recognized. This chapter describes several ba-
sic signs, symptoms, and laboratory abnormalities in pul-
monary disease and provides a general framework for
their evaluation.

SIGNS

The physical examination of the chest is an important ele-
ment in diagnosing respiratory disease. Signs elicited on
examination, such as crackles or dullness to percussion,
when combined with other findings, can be invaluable in
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INTRODUCTION

Technology has drastically transformed the evaluation
and diagnosis of pulmonary disease. During the past 20
years, bronchoscopy, computed tomography (CT), and
nuclear medicine studies have greatly advanced our ability
to see within the chest. More recently, spiral CT has be-
come an important tool in the diagnosis of pulmonary
embolism (Chapter 53), and high-resolution CT has en-
hanced our ability to assess interstitial lung disease
(Chapter 57). Positron emission tomography (PET) is
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assessing a patient with respiratory symptoms. Given the
nonspecific nature of the signs discussed in this chapter, the
approach to most signs is the same whether they are pre-
sent on admission or emerge during a hospitalization.
Therefore, we focus on differential diagnosis rather than on
the timing of presentation. Various disease entities present
with a pattern of individual signs (see Table 54.1).

Crackles

When Crackles Are Present at the
Time of Admission

Description and Differential Diagnosis
The American Thoracic Society has adopted the term crack-
les to describe what was previously referred to as rales or
crepitations (1). Crackles are adventitial lung sounds that are
discontinuous in nature. They are often described as short,
explosive sounds that are nonmusical in quality. When
fluid is present inside an airway and there is distal collapse
of the alveoli, a crackle can be generated from the sudden
opening of many small airways with the equalization of
pressure that occurs during normal breathing (2). Crackles
can be fine or coarse, early or late, and inspiratory or expi-
ratory. Coarse crackles are produced from larger airways
and finer crackles from smaller ones. Crackles are present in
a variety of disorders, including bronchitis, pneumonia,
pulmonary edema, atelectasis, and fibrosis. Pulmonary
edema resulting from congestive heart failure (CHF) often
yields early, fine crackles, whereas pulmonary fibrosis pro-
duces late, fine crackles. Late, coarse crackles are a common
feature of pneumonia.

Evaluation
A thorough history and physical examination, in addition
to a chest radiograph, can be helpful in determining the
etiology of crackles heard on auscultation. Fevers, produc-
tive cough, dyspnea, and leukocytosis in conjunction with
a chest radiograph demonstrating parenchymal consolida-
tion are consistent with pneumonia. Orthopnea, elevated

jugular venous pressures, a third heart sound (S3), and
pedal edema in the face of a chest radiograph revealing
perihilar interstitial infiltrates suggest pulmonary edema.
When the diagnosis is not clear, further evaluation may be
required to establish the etiology of crackles. For example,
pulmonary function tests and high-resolution CT may be
needed to diagnose pulmonary fibrosis (Chapter 57).

Management
Management depends on the etiology of the process gener-
ating the abnormality.

When Crackles Appear During Hospitalization

The differential diagnosis for crackles appearing during
the course of hospitalization is identical to that for crack-
les present on admission. Nosocomial or aspiration pneu-
monia and fluid overload resulting in pulmonary edema
are common complications during hospitalization that
can give rise to crackles. The evaluation of the patient with
crackles that develop during hospitalization is also similar
to the admission evaluation. Attention should be paid to
possible iatrogenic causes of crackles (e.g., fluid overload,
inadequate diuresis, or oversedation leading to aspira-
tion). Depending on the diagnosis, therapy may entail
diuresis or antibiotics (the latter directed toward gram-
negative organisms for nosocomial pneumonias or mixed
aerobic and anaerobic organisms for aspiration pneumo-
nias).

Wheezes

When Wheezes Are Present at the
Time of Admission

Description and Differential Diagnosis
Wheezes are produced when airways are narrowed to the
point of closure and the opposing walls begin to vibrate
(3). The pitch of the sound depends on rate of flow of air
and is independent of the length or caliber of the airway.

518 Section VI: Pulmonary Medicine

TABLE 54.1
PHYSICAL SIGNS OF COMMON PULMONARY DISEASES

Tracheal Tactile 
Disease deviation Percussion fremitus Crackles

Pneumothorax Away or none Hyperresonant Decreased None
Asthma None Normal (or hyperresonant if Normal or decreased None

severe air trapping)
Atelectasis Toward or none Dull Increased None or few
Pneumonia None Dull Increased Present
Pleural effusion Away or none Dull Decreased None
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Wheezing is indicative of bronchospasm. Although asthma
is the most common cause of wheezing, “all that wheezes is
not asthma.” Generalized wheezing on examination can
indicate exacerbation of chronic obstructive pulmonary dis-
ease (COPD), aspiration, pulmonary edema, pulmonary
embolism (transient bronchospasm caused by release of
local mediators of inflammation), or anaphylaxis. Upper
airway wheezing, or stridor, can be caused by laryn-
gospasm, a laryngeal or tracheal tumor, epiglottitis, foreign
body aspiration, or vocal cord dysfunction. Localized
wheezing can result from airway tumors, mucous plugging,
or foreign body aspiration.

Evaluation
The degree of respiratory distress accompanying the wheez-
ing guides the pace of the evaluation. If the patient presents
with respiratory failure, it is necessary to proceed urgently
with intubation (Chapter 24). Establishing adequate oxy-
genation and ventilation is paramount. A chest radiograph
can help determine the cause of generalized wheezing if it
shows consolidation or pulmonary edema. The presence of
an aspirated foreign body may explain a unilateral wheeze.
A patient with localized wheezing and negative chest ra-
diographic findings may benefit from a chest CT, which can
better visualize the area in question. Bronchoscopy may be
necessary to rule out an airway lesion. If stridor is present,
an ear, nose, and throat (ENT) consultation is recom-
mended to evaluate the upper airway; if the patient is clin-
ically stable, pulmonary function tests with flow-volume
loops can be obtained to determine the presence of in-
trathoracic or extrathoracic obstruction, which may be the
cause of upper airway wheezing.

Management
Again, the management of wheezing depends on the eti-
ology of the wheeze. If stridor is present and the patient
shows signs of respiratory compromise, immediate
treatment with intravenous (IV) methylprednisolone,
nebulized racemic epinephrine, and possible intubation
is vital. ENT consultation should be obtained. If the
wheezing is caused by an exacerbation of obstructive lung
diseases such as asthma or emphysema, �2-agonist nebu-
lizers and steroids, if necessary, can be administered
(Chapters 55 and 56). Pulmonary edema can be treated
with diuretics and afterload reduction (Chapter 39). If
foreign body aspiration is the suspected etiology of the
wheeze, the method of retrieval depends on where the
object is lodged. A pulmonary consultant can assist with
extraction.

When Wheezes Appear During Hospitalization

Exacerbations of COPD can develop in patients who are
hospitalized for other reasons. Anaphylaxis is important to
consider, and foreign body aspiration may occur, especially
after oral instrumentation (e.g., endoscopy or bron-

choscopy). Pulmonary embolism should always be in-
cluded in the differential diagnosis. Evaluation of wheezing
is similar whether it presents during hospitalization or at
the time of admission; therefore, the etiology of the wheeze
should guide the management.

Dullness

When Dullness Is Present at the
Time of Admission

Description and Differential Diagnosis
Percussion over normal lung should produce a resonant,
high-amplitude, low-pitched sound. Dullness may nor-
mally be elicited between the third and fifth intercostal
spaces to the left of the sternum, an area that correlates with
the position of the heart anteriorly. Dullness to percussion
elsewhere indicates a barrier of the lung’s ability to transmit
sound from the alveoli, either because the alveoli are filled
with something other than air or the alveolar units are
compressed. Dullness usually indicates pneumonia, pleu-
ral effusion, atelectasis, a large intrathoracic mass, or an el-
evated hemidiaphragm.

Evaluation
A chest radiograph is the most helpful way to evaluate
dullness uncovered on physical examination, as it can re-
veal consolidation, elevation of the hemidiaphragm, or
pleural effusion. A chest CT is standard in the evaluation of
an intrathoracic mass. Diaphragm movement can be
elicited by checking for dullness during a respiratory cycle.
During inspiration, the diaphragm moves downward, al-
lowing for resonance on percussion in the lower lung
fields. On expiration, the diaphragm and liver move up-
ward, resulting in dullness to percussion in the previously
resonant areas. Normal diaphragmatic movement is ap-
proximately 4 cm. Failure of hemidiaphragm movement
can be confirmed with a “sniff” test. Patients are asked to
sniff deeply while their diaphragmatic movement is visual-
ized under fluoroscopy. Absence of movement indicates di-
aphragmatic paralysis, which is most often a consequence
of phrenic nerve palsy. Causes of unilateral diaphragmatic
paralysis include direct trauma, postoperative complica-
tions, mechanical compression (substernal thyroid, vascu-
lar aneurysm), sequelae of mediastinal infection (bacterial,
viral, syphilitic, or tuberculous), malignancy, or neuropa-
thy. Quite often, the cause is idiopathic.

Management
The management of dullness to percussion elicited on
physical examination depends on the underlying cause. If a
pleural effusion is present, bilateral decubitus films should
be obtained to determine whether the effusion is free flow-
ing and to evaluate the parenchyma that is obscured by the
effusion. Thoracentesis should be performed if there are no
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relative contraindications (such as if the effusion is very
small or an underlying bleeding disorder is present) (Chap-
ter 60). If unilateral diaphragmatic paralysis is present and
malignancy is not the etiology, the patient may be referred
for plication of the hemidiaphragm. If bilateral diaphrag-
matic paralysis is present, therapy depends on the underly-
ing cause. If an injury has occurred in the cervical region,
diaphragmatic pacing may be an option. Nocturnal venti-
lation may be considered in those with neuromuscular
disease.

When Dullness Appears During Hospitalization

The diagnoses to be considered for dullness noted on phys-
ical examination during hospitalization are the same as for
dullness present on admission. Evaluation and manage-
ment should be the same as described earlier.

Tactile Fremitus

When Abnormal Tactile Fremitus Is Present at
the Time of Admission

Description and Differential Diagnosis
Sound from the larynx creates vibrations that are con-
ducted through the bronchi to the lung parenchyma and
chest wall. These palpable vibrations are known as tactile
fremitus (3). Tactile fremitus is elicited by placing the ulnar
side of the hand against the chest wall and having the pa-
tient say “ninety-nine” as the entire chest wall is examined.
Conditions such as pneumonia or atelectasis increase lung
density and increase the transmission of sound waves,
thereby increasing tactile fremitus. Pneumothorax, pleural
effusion, bronchial obstruction, or chest wall thickening
(from muscle or fat) decrease sound wave transmission,
thus reducing tactile fremitus.

Evaluation
The finding of increased or decreased tactile fremitus can
help distinguish consolidation from pneumothorax or
pleural effusion (see Table 54.1). The signs can be mislead-
ing, however, so examination findings should be con-
firmed with a chest radiograph. Although decreased tactile
fremitus can represent pleural effusion, there may be a
small area of increased tactile fremitus at the top limit of
the effusion that represents atelectatic lung. Tactile fremi-
tus, along with dullness to percussion, can therefore allow
approximation of the level of the effusion.

Management
If a pneumothorax is small (�15% of the hemithorax)
and the patient is not short of breath, then a chest tube is
not indicated. Further management is described in Chap-
ter 60. Often, if a pleural effusion is present and free flow-
ing (as demonstrated by decubitus films), both tactile

fremitus and dullness to percussion can establish the fluid
level so that a thoracentesis can be performed. If there is
any evidence of loculation or a question regarding the size
of the effusion, either ultrasonography or CT of the chest
should be obtained before any invasive procedure is
performed.

Cyanosis

When Cyanosis Is Present at the
Time of Admission

Description and Differential Diagnosis
Cyanosis can occur when blood is inadequately oxygenated
or when it becomes deoxygenated in areas of venous stasis.
The blue-gray discoloration of cyanosis in the lips, buccal
mucosa, nail beds, ears, malar regions, and skin is central
cyanosis. This finding indicates insufficient oxygenation
from any of various causes: transbronchial obstruction,
alveolar barriers (asthma, atelectasis, pulmonary edema),
defective alveoli (emphysema, pulmonary fibrosis, pneu-
monia), inefficient circulation (pulmonic stenosis, right-to-
left shunts, arteriovenous malformations), nonoxygenated
hemoglobin (methemoglobinemia, hemoglobinopathies),
and hypoventilation resulting from conditions such as the
obesity-hypoventilation syndrome. Peripheral cyanosis, in
which cyanosis is found in an extremity, is predominantly
caused by an increased circulatory time of deoxygenated
blood secondary to low cardiac output or vasoconstriction.
In central cyanosis, the skin is warm and oxygen corrects the
cyanosis. In peripheral cyanosis, the skin is cool and sup-
plemental oxygen may only marginally improve cyanosis. If
the patient appears to have central cyanosis and supple-
mental oxygen does not correct the cyanosis, methe-
moglobinemia should be considered.

Evaluation
Because cyanosis is not a reliable indicator of hypoxemia,
arterial blood gases should be measured, and oxygen
should be administered. Cyanosis can be seen when the ar-
terial oxygen pressure (PaO2) drops below 60 mm Hg, but
it may be nearly impossible to detect in dark-skinned pa-
tients. Evaluation should be directed toward uncovering
the cause of the hypoxemia. The history and constellation
of other findings noted on examination can help distin-
guish inadequate oxygenation from pneumonia, atelecta-
sis, or pulmonary fibrosis from nonpulmonary causes. An
echocardiogram can detect valvular abnormalities or the
presence of right-to-left shunts (Chapter 36). A history of
daytime somnolence, lethargy, and apnea during sleep
with polycythemia or CHF suggests a hypoventilation syn-
drome. Polysomnography is indicated to make the diagno-
sis. Patients with methemoglobinemia typically have pulse
oximetry readings of about 85%. Arterial blood gas testing
can detect the percentage of methemoglobinemia.
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Management
Oxygen therapy should be the first step in managing the
cyanotic patient. However, if the patient has obstructive sleep
apnea, oxygen should be supplied with caution because it
can aggravate the degree of nocturnal hypoventilation and
further elevate carbon dioxide levels by removing hypoxic
ventilatory drive. If a patient becomes more somnolent af-
ter supplemental oxygen therapy, blood gases should be
measured to assess the level of hypercapnia. Patients may
have compensated for hypoxemia during the course of
months and may suddenly decompensate on oxygen ther-
apy. In these cases, the target oxygen saturation may be
only 90%. The use of continuous positive airway pressure,
most often nocturnally, can help decrease carbon dioxide
levels, daytime somnolence, morning headache, and poly-
cythemia and pulmonary hypertension.

If methemoglobinemia is present, offending drugs should
be eliminated. These include nitrates, nitroprusside, chlo-
rates, sulfonamides, antimalarials, and dapsone. High lev-
els of oxygen therapy should be instituted. In addition, 1
to 2 mg of methylene blue per kilogram should be given
IV over 5 minutes if hypoxia is present or if the level of
methemoglobinemia is above 30%. The dose can be re-
peated in 1 hour and then every 4 hours for a total dose
of 7 mg/kg.

When Cyanosis Appears During Hospitalization

Cyanosis arising during hospitalization is often a conse-
quence of inadequate gas transfer secondary to a pulmonary
process that develops or worsens, such as pneumonia. It
also is caused by conditions that can decrease cardiac out-
put and increase vasoconstriction, such as cardiogenic
shock. A blood gas determination, chest radiograph, and
echocardiogram can be used to evaluate pulmonary and car-
diac disease. Again, oxygen administration is key if cyanosis
is detected.

SYMPTOMS

Cough

When Cough Is Present at the Time of
Admission

Description and Differential Diagnosis
Cough is a common complaint. It is caused by activation of
a series of reflexes mediated between receptors in the larynx
and tracheobronchial tree and the medullary cough center
(4). This reflex complex, transmitted by the vagus nerve, is
designed to expel foreign bodies or excessive secretions and
occurs after inspiration with a sudden contraction of the
respiratory musculature and opening of a closed glottis.
Cough can signify allergic, pulmonary, laryngeal, or cardiac

processes. Although the differential diagnosis is broad,
multiple studies have shown that approximately 95% of
chronic cough cases are caused by postnasal drip syn-
dromes, asthma, gastroesophageal reflux disease, chronic
bronchitis, bronchiectasis, eosinophilic bronchitis, or an-
giotensin-converting enzyme inhibitor use. The remaining
5% of cases are caused by other diseases such as bron-
chogenic cancer, sarcoidosis, left-ventricular failure, and
aspiration secondary to pharyngeal dysfunction. Causes for
chronic cough can be established in 88%–100% of cases,
and specific therapies are successful in 84%–98% of these
cases (5).

The character of the cough may help elucidate its etiol-
ogy. A dry, nonproductive cough may suggest an alveolar
process without central mucous production and is typical
of hypersensitivity pneumonitis, connective tissue disease
with pulmonary involvement, or interstitial lung disease.
Pink, frothy sputum classically suggests decompensated
CHF. Thick, green sputum can signify infection, inflamma-
tion, or both. Cough in the setting of wheezing suggests ob-
structive disease, but the combination of cough and
wheeze is not specific for COPD; cardiac asthma and pul-
monary embolus should be considered. Rarely, tympanic
membrane irritation can trigger cough.

Chronic cough per se will rarely be a reason for hospital
admission. However, cough can have several side effects,
some of which may necessitate admission (e.g., syncope or
hemoptysis). Recurrent paroxysms can occasionally frac-
ture ribs in debilitated patients or in those with metastatic
cancer. Prolonged paroxysms interrupt normal ventilation
and can lead to desaturation in patients with poor pul-
monary reserve.

Evaluation
Abnormal vital signs, such as fever with hypoxia, point to
the diagnosis of pneumonia, and tachypnea suggests
compensation for a primary pulmonary process. Physical
examination of the ears, nose, and throat should be per-
formed to assess for any abnormalities to suggest sinus dis-
ease or tympanic membrane irritation as a cause of cough.
Absence of a gag reflex may suggest increased susceptibility
to aspiration. Examination of the neck to determine jugular
venous distention, tracheal shift, or thyroid enlargement is
important. Full cardiac and pulmonary examinations
should be performed on all patients to look for consolida-
tion (egophony, fremitus), obstruction, or effusion. A chest
radiograph should be obtained in most patients with per-
sistent cough, and determination of oxygen saturation is
routine. Evidence of bronchospasm should be followed
with peak flow measurements and bedside spirometry, with
serial repetitions of peak flow measurement performed to
chart a trend if the findings are initially abnormal.

Patient demographics are important in the evaluation of
a cough. Patients with risk factors for and associated symp-
toms of tuberculosis (weight loss, hemoptysis, night
sweats, fatigue) should be identified; such patients should
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be isolated pending the return of three sputum smears for
acid-fast bacilli (Chapter 67). If patients are producing spu-
tum, it is important to acquire an adequate sample before
antibiotics are administered, as the yield for detecting a
dominant organism drops dramatically afterward. Stan-
dard criteria for an adequate specimen (�25 polymor-
phonuclear leukocytes, �10 epithelial cells per low-power
field) should be followed before sending a specimen for
bacterial culture. A suspicion of Pneumocystis jirovecii pneu-
monia (HIV risk factors, dyspnea, interstitial process on
chest radiograph, hypoxia) should prompt sputum induc-
tion and a search for organisms. Other special tests in the
evaluation of cough may include esophageal pH monitor-
ing (to look for reflux, which can induce bronchospasm
and cough), chest CT to rule out bronchiectasis, or sinus CT
to rule out sinusitis. The decision to perform these tests is
based on clinical suspicion, which rises when a diagnosis is
not determined through initial studies.

Management
Cough should be aggressively treated because it is ex-
tremely uncomfortable for hospitalized patients and can
interfere with eating and sleeping. Cough after abdominal
or thoracic surgery is particularly painful and, if excessive,
can threaten suture lines. Nocturnal cough may signal
postnasal drip, and decongestants can provide relief if sinus
disease is the culprit. Similarly, esophageal reflux disease
can be relieved by elevating the head of the bed and ad-
ministering antacids, histamine2 blockers, or proton pump
inhibitors (Chapter 79). Suspicion of cough induced by
angiotensin-converting enzyme inhibitors should prompt
discontinuation or replacement. Cardiogenic cough is
frequently relieved quickly with diuresis, oxygen, and low-
dose morphine. For other coughs, the standard combina-
tion of dextromethorphan and guaifenesin is adequate for
mild symptoms. All opiates are effective antitussives, but
sedation, constipation, or nausea may ensue. Many pa-
tients, even those without a history of asthma, have tem-
porary bronchoconstriction during an acute infection, and
bronchodilators will often provide relief from cough. Sus-
picion of bronchospasm should be confirmed with peak
flow measurement. Smoking cessation should be discussed
and may decrease cough from tobacco-related diseases.

When Cough Appears During Hospitalization

Description and Differential Diagnosis
Cough as a new symptom in the inpatient setting is cause
for concern. Nosocomial pneumonia is a constant threat
(Chapter 66). Drug reactions, aspiration after administra-
tion of sedatives, and precipitation of CHF by volume
overload are all common scenarios. Nasal cannulae for
administration of oxygen and nasoenteric or nasogastric
tubes can be irritating to the sinuses and precipitate naso-
tracheal secretions and cough.

Of particular concern is cough that develops or worsens
after procedures such as central line placement, chest tube
placement or withdrawal, bronchoscopy, and extubation.
In all these situations, one must be concerned about and
exclude an iatrogenic complication.

Evaluation
Pneumothorax or new infiltrates should be ruled out with
a chest radiograph, and a history of associated pleuritic
chest pain, dyspnea, or fever should be noted. Postextuba-
tion stridor and cough warrant evaluation for tracheal
stenosis, an uncommon side effect of endotracheal tube
placement. As in the patient presenting with cough, a com-
plete examination with determination of oxygen saturation
and performance of chest radiography are warranted.

Management
Management is the same as for cough at admission, with
therapy directed at the primary etiology. Treating cough
without understanding the primary etiology may mask an
important precipitant, such as pulmonary embolism or
volume overload.

Dyspnea

When Dyspnea Is Present at the
Time of Admission

Description and Differential Diagnosis
Dyspnea is a general sense of breathlessness, inadequate
ventilation, or “discomfort” during breathing. The neuro-
logic pathways that are activated to produce dyspnea are
poorly understood, but they link the cortex and brainstem
respiratory complex and chemoreceptors (peripheral and
medullary) with lung and cardiovascular receptors (6). Dys-
pnea may be caused by acute or chronic obstructive pul-
monary disease, pneumonia, pleural effusion, atelectasis,
cardiac dysfunction (CHF, valvular anomalies, intracardiac
shunts), pulmonary embolism, or restrictive defects—in
short, any abnormality of pulmonary or cardiac function.
Acidosis is a metabolic cause of dyspnea, as in diabetic ke-
toacidosis, aspirin overdose, sepsis, or renal tubular acid-
osis. The resultant compensatory respiratory alkalosis with
increased minute ventilation often causes patients to notice
deep breathing at rest or to feel that they are unable to catch
their breath. Orthopnea classically suggests left-ventricular
failure, but it may also be caused by diaphragmatic paraly-
sis or abdominal masses. Platypnea (increased dyspnea in
the upright position) may be a consequence of orthodeoxia
(decreased oxygenation associated with positional change)
resulting from basilar arteriovenous malformations, hep-
atopulmonary syndrome, or atrial septal defects. Nocturnal
dyspnea may be caused by asthma, CHF, gastroesophageal
reflux, or nasal congestion. Dyspnea is frequently associated
with anxiety, but it should not be considered psychogenic
until medical etiologies have been excluded.
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Evaluation
A history of the precipitants of dyspnea, aggravating or re-
lieving factors, orthopnea, infectious symptoms (fever, pur-
ulent sputum), recurrent dyspnea, and renal or hepatic
dysfunction are all important. Examination findings of
tachypnea or desaturation are also important. Cyanosis
suggests an emergently low oxygen level and should
prompt immediate oxygen use and a blood gas determina-
tion. A chest radiograph should be obtained, and negative
findings in the setting of hypoxia should immediately sug-
gest pulmonary vascular abnormalities, such as pulmonary
embolism or pulmonary hypertension. Given the potential
metabolic causes, an arterial blood gas determination
should be obtained. A patient with dyspnea and any degree
of respiratory acidosis or unexpected hypercarbia must be
observed carefully because of the possibility of muscle fa-
tigue and respiratory arrest. Pulmonary embolism is a life-
threatening diagnosis that is frequently missed, and clinical
suspicion (hypoxia, tachypnea, tachycardia, respiratory
alkalosis) should prompt a workup (Chapter 53). A com-
plete blood cell count, chemistry panel, and blood urea
nitrogen and creatinine determinations should be ob-
tained, and an electrocardiogram should be performed if
the patient is over the age of 40. Patients who show any ev-
idence of alveolar hypoventilation or muscle weakness
should be evaluated for neurogenic disorders, such as Guil-
lain-Barré syndrome or myasthenia gravis. Parameters of
pulmonary mechanics, such as the maximum inspiratory
force and vital capacity, should be measured in this setting,
and if uncertainty remains, electromyographic and nerve
conduction studies should be performed. Other special
tests may include exercise testing, methacholine challenge,
and echocardiography.

Management
Hypoxia should be corrected to maintain adequate satura-
tion (�92%), and, if it is difficult to correct or is associated
with hypercarbia, the patient should be monitored in the
ICU. If pulmonary embolism is a possibility, patients with-
out contraindications should immediately be started on
anticoagulation with IV heparin while arrangements are
made for nuclear medicine studies or spiral CT. Bron-
chodilators and generally corticosteroids should be used if
obstructive disease is present in the hospitalized patient.

When Dyspnea Appears During Hospitalization

Dyspnea may be caused by iatrogenic volume overload or
problems with oxygen delivery. Dyspnea is frequently seen
in patients who become deconditioned after a critical ill-
ness. Such patients have a high dead space fraction (normal
�30%) and are prone to development of atelectasis. Incen-
tive spirometry should be encouraged, and patients should
sit up in bed or transfer to chairs as soon as possible to un-
load the diaphragm, which performs 70%–90% of the
work of breathing. The classic critical care scenario for pul-

monary embolism is a sudden increase in minute ventila-
tion with associated tachycardia. Patients in the postopera-
tive period are especially vulnerable to volume overload,
new infections, and embolic disease. Evaluation is the
same as at admission, as is management, although tests can
be performed more rapidly and empiric therapy started
more quickly in the inpatient setting. Such speed is partic-
ularly important when embolic disease is suspected.

Hemoptysis

When Hemoptysis Is Present at the
Time of Admission

Description and Differential Diagnosis
Hemoptysis is an important initial complaint and is very
alarming to patients. The differential diagnosis for this
symptom covers a range of inflammatory, infectious, and
malignant etiologies (Table 54.2). Pseudohemoptysis is im-
portant to recognize early; the patient coughs up blood
that does not originate in the tracheobronchial system.
Hemoptysis is often characterized as “ordinary” (�200
mL/24 h) or “massive” (�600mL/24 h). The precise vol-
ume history is difficult to obtain in many cases, as patients
often describe hemoptysis in terms of tablespoons of a
mixture of blood and sputum. Certainly any bleeding that
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TABLE 54.2
CAUSES OF HEMOPTYSIS

Pseudohemoptysis

Upper gastrointestinal bleeding
Epistaxis
Gingival or oral bleeding
Oropharyngeal or laryngeal cancer
Hereditary hemorrhagic telangiectasia

Hemoptysis

Bronchitis
Bronchiectasis
Lung cancer or metastases
Foreign body
Cystic fibrosis
Pneumonia
Pulmonary embolism
Lung abscess
Trauma
Fungal infection (especially aspergilloma)
Catamenial hemoptysis
Pulmonary-renal syndromes
Pulmonary edema
Mitral stenosis
Collagen vascular diseases
Coagulopathy
Thrombocytopenia
Idiopathic (5%–15%)
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compromises oxygenation or is increasing in volume
should be considered life threatening, even if it fails to
meet the arbitrary volume cutoff (7).

Physicians are taught that the most common cause of
hemoptysis is bronchitis, and although true, this catechism
may falsely lead them to discount its importance. The vast
majority of patients hospitalized for hemoptysis should
undergo bronchoscopy, which may rapidly identify the
location and cause of bleeding, provide diagnostic and
prognostic information, and correctly determine the best
approach to further testing or intervention.

Evaluation
Initial tests should include a chest radiograph, determina-
tion of oxygen saturation, complete blood cell count, elec-
trolytes and renal function, and a coagulation panel. The
chest radiograph may localize the source of bleeding, but it
can be misleading. For example, a patient may have a tra-
cheal source yet present with a right lower lobe infiltrate
from dependent flow of blood into this region. Both tra-
cheal and main bronchial bleeding can be rapidly fatal
because blood can be distributed to both lungs quickly, but
this is true of any source that bleeds rapidly. Hypoxia in the
setting of hemoptysis is an ominous sign and suggests sig-
nificant compromise of a large surface area of the lung. A pu-
rified protein derivative of tuberculin (PPD) should be
placed and respiratory precautions observed if tuberculosis
is suspected. Hemoptysis with anemia may also provide
clues about the chronicity or severity of the symptom. An el-
evated white cell count might suggest a primary cavitary
pneumonia, eosinophilia might suggest a fungal etiology
(aspergillosis), and lymphocytosis or monocytosis could
suggest a more indolent bronchiectasis associated with tu-
berculosis. Renal function should be checked to determine
whether the patient has a pulmonary–renal syndrome, such
as Wegener granulomatosis or Goodpasture syndrome,
both of which can present with hemoptysis. Abnormal re-
nal function is a separate risk factor for diffuse alveolar
hemorrhage, as are advanced age and a compromised im-
mune system. In addition, a low platelet count or abnormal
prothrombin time or partial thromboplastin time suggests
a bleeding diathesis, which should be rapidly corrected.

The initial examination must include a complete survey
of the entire body for clues to extrapulmonary causes. The
conjunctivae should be checked for pallor and the sclerae
for icterus or signs of liver disease and coagulopathy. The
nose and throat must be inspected for evidence of bleeding
or inflammation, and a history of epistaxis should be pur-
sued. Poor dentition might suggest a lung abscess. Cervical
or other adenopathy might suggest tuberculosis or malig-
nancy. A recent history of tracheostomy might suggest that
cuff- or suture-related inflammation has eroded into a
blood vessel—a condition that can be rapidly fatal. The
presence of a rash may suggest an underlying collagen vas-
cular disorder such as Wegener granulomatosis or lupus.
Careful observation of the extremities may reveal clubbing

or cyanosis resulting from hypoxia, or edema resulting
from renal or cardiac dysfunction. The pulmonary and car-
diac examinations may localize sources of risk. Isolated
crackles may suggest alveolar blood, whereas wheezing
may be stimulating cough, which can be relieved with
bronchodilators. An apical diastolic murmur may suggest
the diagnosis of mitral stenosis, most commonly seen in
patients with a history of rheumatic heart disease. Fever can
be caused by pulmonary hemorrhage alone; the fever is
typically low grade. Tachypnea, in the setting of even mild
hypoxia, should immediately prompt consideration of in-
tubation with a relatively large (outer diameter �7.5 mm)
endotracheal tube for rapid bronchoscopy and immediate
suctioning if hemoptysis suddenly worsens.

Management
If the airway is compromised or threatened, immediate
pulmonary and thoracic surgical consultations are manda-
tory. Any doubt about a patient’s airway should trigger
transfer to the ICU for careful monitoring while definitive
therapy is planned. Patients intubated in the emergency de-
partment for hemoptysis may be best served by being sent
directly to the operating room for rigid bronchoscopy, which
allows for superior suctioning. In these cases of very rapid
bleeding, flexible bronchoscopy may not only be futile
(because all that is visualized is blood) but also actually de-
lay surgical intervention. Embolization of the involved
bronchial arteries can be accomplished in the interven-
tional radiology suite and is effective in up to 90% of cases.
If this approach fails to control bleeding, surgical resection of
the involved lobe may be the only recourse. Temporizing
measures before embolization or surgery can include intu-
bation with a double-lumen tube, placement of a bronchial
blocker (Fogarty catheter), or even temporary intubation of
the main bronchus of the uninvolved lung (8).

For the awake patient with brisk hemoptysis and no ev-
idence of airway compromise, several specific rules are
worth following. First, always have suction set up and im-
mediately available at the bedside. Second, continuous or
frequent pulse oximetry should be used to highlight any
trends that should hasten intervention. Third, it is impor-
tant to try to identify the location of bleeding and, if it is
unilateral, to place the “bad side” down to deter aspiration of
blood into the unaffected lung. Fourth, cough suppressants
are useful because cough can stimulate further bleeding. Fi-
nally, because the status of patients with hemoptysis can
change rapidly, consultants should be called quickly and
updated frequently.

When Hemoptysis Appears
During Hospitalization

Description and Differential Diagnosis
Hemoptysis during hospitalization is common and usually
mild in nature. Bloody secretions may be caused by frequent
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endotracheal suctioning in the ICU. Patients who have been
hospitalized for thoracic or ENT surgery may have hemopt-
ysis in the immediate postoperative period, but this is typi-
cally very short lived. In patients who have received
chemotherapy with resultant neutropenia, several etiolo-
gies for hemoptysis might be possible: thrombocytopenia,
nosocomial pneumonia, recrudescence of a prior fungal
disease, or diffuse alveolar hemorrhage.

Evaluation
As on admission, a full examination, determination of oxy-
gen saturation, chest radiograph, and history (looking for
recent nasal, oral, or tracheal instrumentation) should be
obtained. If the patient is immunocompromised and the
chest radiographic findings are abnormal, bronchoscopy
should be considered early to diagnose immediately treat-
able diseases and narrow antibiotic coverage. Bronchoalve-
olar lavage findings of increasingly bloody lavage return or
hemosiderin-laden alveolar macrophages support the diag-
nosis of diffuse alveolar hemorrhage (Chapter 57).

Management
There are few differences between the management of
hemoptysis present at admission and hemoptysis develop-
ing during hospitalization. The inpatient setting may allow
for more immediate bedside consultation with other ser-
vices (i.e., thoracic surgery, ENT, interventional radiology).
Correction of abnormal coagulation parameters is impor-
tant, and this intervention, along with cough suppression
and removal of inciting trauma, may be adequate to con-
trol the bleeding. Hemoptysis in any setting can be life
threatening, and careful attention must be paid to changes
in oxygen saturation, examination findings, and the extent
of bleeding.

LABORATORY STUDIES

Oxygen Saturation

Oxygen saturation has become the fifth vital sign (9), and,
because of the noninvasive way in which it is measured and
its relatively close correlation with PaO2, it is a highly use-
ful parameter. The pulse oximeter emits two frequencies of
light that are differentially absorbed by oxygenated
hemoglobin (HbO2) and reduced hemoglobin (Hb). The
oxygen saturation is then determined by the ratio of HbO2

to Hb (10). Soft tissue, bone, skin, and venous and arterial
blood absorb most of the light. At each arterial pulse, the
amounts of absorption are calculated to produce an oxygen
saturation (SaO2). To ensure an accurate reading of the
SaO2, it is important that the pulse oximeter is simultane-
ously able to capture an adequate waveform. Readings are
confounded by nail polish, intravascular dyes or pigments
(bilirubin, methylene blue), motion artifact, severe ane-
mia, external light sources, and poor distal perfusion.

Normal SaO2 is 95%–99% on room air. The SaO2 and
PaO2 are related by the oxygen dissociation curve. When
the SaO2 is between 50% and 90%, the relationship is lin-
ear, with the estimated PaO2 equal to the SaO2 minus 30.
The accuracy of most oximeters is � 4% and drops signifi-
cantly when the SaO2 is less than 70% (11). The oximeter
will overestimate saturations in the presence of elevated
levels of carbon monoxide (smoke inhalation, smoking)
because the absorption wavelengths of HbO2 and HbCO
are very similar.

If difficulty is encountered in obtaining a saturation
level, decreasing patient movement, warming the extrem-
ity, applying a vasodilator such as nitropaste, or using an
ear oximeter may prove beneficial. In any case, an arterial
blood gas determination is indicated if questions of accu-
racy remain.

Pulmonary Function Testing

Pulmonary function testing allows for the evaluation of the
mechanics of airway function and gas exchange. By mea-
suring lung volumes, the rates of airflow, and the diffusing
capacity, various lung diseases can be diagnosed. Pul-
monary function testing can also be employed as a tool to
estimate the severity of disease, monitor disease progres-
sion, and assess response to therapy. Other indications for
pulmonary function testing include monitoring of patients
treated with pulmonary toxins (amiodarone, bleomycin,
radiation therapy), assessment of disability, and preopera-
tive testing. Contraindications include active airborne
infection, recent massive hemoptysis, and pneumothorax.
Although pulmonary function may not return to baseline
for a few months after an insult, interval measures of lung
function can be a helpful adjunct to observation of symp-
toms in assessing the speed and course of recovery.

Spirometry

Spirometry is used to differentiate between obstructive and
restrictive lung disease. Maximum expiratory flow rates and
certain lung volumes can be measured with simple spirom-
etry. The forced vital capacity (FVC) is the maximal volume
of air that can be exhaled after a maximal inhalation. The
FEV1 is the volume of air forcibly exhaled after 1 second.
The values obtained are generally reported as a percentage
of those predicted; “normal” values have been obtained
from healthy, nonsmoking adults and adjusted for age,
height, and race. Degrees of impairment can be assigned
according to the guidelines put forth by the American Tho-
racic Society (see Table 54.3).

Obstructive lung disease is defined as a decrease in the
FEV1 to below 80%, a reduced or normal FVC, and a ratio
of FEV1 to FVC below 70% of that predicted. Restrictive lung
disease is defined as a decrease in the FVC to below 80% of
that predicted but with a ratio of FEV1 to FVC that is normal
or higher than predicted. Although spirometry can suggest
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restrictive disease, a reduced total lung capacity (TLC) is
definitive for a restrictive process. Restriction cannot be di-
agnosed by spirometry if moderate to severe airflow ob-
struction is present. The FEF25%–75% is the volume expired
between 25% and 75% of the FVC. This measurement is
more sensitive to small-airway function than is the FEV1,
which is more dependent on the resistance of the larger
central airways. A reduction in this value suggests small-
airway disease. Increases in the FEV1 or FVC of more than
12% along with a 200-mL increase in volumes after two in-
halations of a bronchodilator are indicative of a positive
bronchodilator response. A negative bronchodilator re-
sponse during formal testing does not exclude the possibil-
ity of clinical benefit from bronchodilators.

Flow–volume loops are often included in spirometric mea-
surements. Based on their shape, obstructive or restrictive
disease can be inferred. More importantly, patient effort
and the presence of airflow limitation secondary to upper
airway obstruction can be assessed (12) (Figure 54.1). A
plateau on the expiratory limb in conjunction with a re-
duced peak flow and a normal inspiratory limb suggests a
nonfixed intrathoracic airway obstruction (intratracheal
neoplasm). A plateau present on the inspiratory limb in
conjunction with reduced flow suggests a nonfixed ex-
trathoracic obstruction (vocal cord neoplasm or tracheo-
malacia of the extrathoracic trachea). A plateau of both the
inspiratory and expiratory limbs of the flow–volume loop
suggests fixed upper airway obstruction (tracheal stenosis).
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TABLE 54.3
TYPICAL PULMONARY FUNCTION TEST FINDINGS

FVCa FEV1
a FEV1/FVCb FEF25%–75%

a TLCa

Normal �80 �80 �70 �65 �80
Mild 66–80 66–80 60–70 50–65 66–80

obstructionc 

Severe �50 �50 �45 �35 �50
obstruction

Mild restrictionc Varies with Varies with Generally Varies with 66–80
process process normal or process

elevated
Severe Generally Varies with Generally Varies with �50

restriction decreased process normal or process
elevated

a Percentage of predicted value.
b Ratio, expressed as a percentage of absolute values.
c Patients with moderate obstruction/restriction have values between those of mild and severe states.
FEV1, forced expiratory volume in 1 second; FEF25%–75%, forced expiratory flow, mid-expiratory phase;
FVC, forced vital capacity; TLC, total lung capacity.

Early small Chronic Fixed upper Nonfixed
airway obstructive airway extrathoracic Restrictive

Normal obstruction disease obstruction obstruction disease
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Figure 54.1 Flow–volume curves. (From Kiss GT. Pulmonary disease. In: Ferri FF, ed. Practical
Guide to the Care of the Medical Patient. 2nd Ed. St. Louis: Mosby, 1991, with permission.)
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Lung Volumes

Measurement of lung volumes can verify the presence of
obstructive or restrictive lung disease. There are three ways
to measure lung volumes: helium dilution, nitrogen
washout, and body plethysmography. The latter is the most
accurate measurement, as it measures the total volume of
compressible air in the chest and is not significantly altered
by air trapping.

In restrictive diseases, the TLC is reduced. In obstructive
diseases, the FVC is usually normal or reduced, and the
residual volume (RV) and the ratio of RV to TLC are in-
creased. This represents air trapping caused by increased
airway resistance. In some disease states, obstruction and
restriction are combined (e.g., sarcoidosis, lymphan-
giomatosis, cystic fibrosis, hypersensitivity pneumonitis,
eosinophilic granuloma).

Diffusing Capacity

The diffusing capacity (DLCO) is a measure of the ability of
gases to diffuse from the alveoli into the pulmonary capil-
lary bed. Thus, qualitative as well as quantitative differ-
ences in the status of the alveolar–capillary membrane
affect the diffusing capacity. The diffusing capacity depends
on age, body size, lung volume, hemoglobin concentra-
tion, the presence of carboxyhemoglobin, and changes in
body position. The diffusing capacity is reduced in diseases
that affect the interstitium of the lung, which can either de-
crease the total area of alveolar–capillary membrane avail-
able for gas diffusion or thicken the membrane, which
makes diffusion more difficult. Examples of disease pro-
cesses causing reduced diffusing capacity are emphysema,
pulmonary vascular disease, pneumocystis pneumonia,
and fibrosis. The diffusing capacity can be increased with
erythrocytosis, severe liver disease, obesity, increased
pulmonary blood volume (CHF, atrial septal defect), and
alveolar hemorrhage.

Arterial Blood Gases

Whereas spirometry enables assessment of the mechanics
of the respiratory system, determination of arterial blood
gases enables assessment of the adequacy of oxygen uptake
and carbon dioxide elimination. In a blood gas determina-
tion, the pH, PO2, and PCO2 are measured, and the bicar-
bonate concentration (HCO3) is calculated.

Hypoxemia is defined as a PO2 below 80 mm Hg on
room air at sea level. Causes of hypoxemia are low inspired
oxygen tension (high altitude), hypoventilation (central
sleep apnea and obesity hypoventilation syndrome), venti-
lation–perfusion (V/Q) mismatch (pneumonia, asthma,
pulmonary embolus, CHF), shunt (atrial septal defect,
pulmonary arteriovenous malformation), and diffusion
abnormality (interstitial pulmonary fibrosis, sarcoidosis,
emphysema, pneumocystis pneumonia).

The alveolar–arterial oxygen gradient [(A-a)DO2] is nor-
mally between 10 and 15 mm Hg because everyone has a
right-to-left shunt approximating 3%–5% of the right ven-
tricular cardiac output. The (A-a)DO2 increases with age. If
the (A-a)DO2 is greater than 15 mm Hg or greater than
what is expected for a person of a particular age who is
breathing room air, pulmonary disease is present and is in-
terfering with gas exchange. If the (A-a)DO2 fails to correct
when breathing 100% oxygen, a shunt is present.

The acid–base status of the body is determined by the
pH. Acidosis is present if the pH is below 7.35. Alkalosis is
present if the pH is above 7.45. Determining the etiology of
the acid–base abnormality first requires deciding whether
the primary disturbance is metabolic or respiratory.

■ Acidosis is metabolic if the serum [HCO3
�] is low and

the PCO2 is low.
■ Acidosis is respiratory if the serum [HCO3

�] is high and
the PCO2 is high.

■ Alkalosis is metabolic if the serum [HCO3
�] is high and

the PCO2 is low.
■ Alkalosis is respiratory if the serum [HCO3

�] is normal
to low and the PCO2 is low.

Next, the duration of the primary disturbance is deter-
mined. Various rules exist to determine whether the aci-
dosis or alkalosis is acute or chronic and whether it is
compensated. In general, respiratory compensation occurs
rapidly, whereas complete renal compensation takes on
the order of 3–5 days. Maximum respiratory compensa-
tion reduces the PCO2 to 12–15 mm Hg unless significant
respiratory disease is present. If it is, the pH will remain
low.

In acute respiratory acidosis, for each increase in the
PCO2 of 1 mm Hg, there is a fall of 0.008 in the pH. In
chronic respiratory acidosis, for each elevation of 10 mm
Hg in the PCO2, the [HCO3

�] increases by 4 mEq/L.
In acute respiratory alkalosis, for each decrease in the

PCO2 of 1 mm Hg, there is an increase of 0.008 in the pH.
In chronic respiratory acidosis, for each decline of 10 mm
Hg in the PCO2, the [HCO3

�] decreases by 5 mEq/L.
Many patients with COPD will have an elevated PCO2

and respiratory acidosis, and a metabolic alkalosis will de-
velop when they are placed on steroids or diuretics. It is
important to remember that maintaining adequate oxy-
genation should override any concerns of hypercarbia. A
low pH and lower-than-expected PCO2 are suggestive of the
combination of metabolic acidosis and respiratory alkalo-
sis, as is seen with salicylate overdose and sepsis. Further dis-
cussion of acid–base abnormalities is found in Chapter 105.

Chest Radiograph

The chest radiograph is central to the evaluation and diag-
nosis of pulmonary diseases and is extremely useful for
generating an overview of clinical signs and symptoms
(13). As a general rule, patients with new pulmonary
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symptoms should routinely undergo chest radiography. A
few limited exceptions include patients with recent bron-
chitis outside the hospital who have normal pulmonary ex-
amination findings and patients with hemoptysis clearly
determined to be of nasal origin who have a normal oxygen
saturation. All patients presenting with pulmonary symp-
toms requiring hospitalization should have a chest radio-
graph, as should any patient experiencing a significant
change in pulmonary status after the initial chest radio-
graph. Daily chest radiographs are not mandatory for stable
ICU patients, but they are often performed in this rapidly
changing population. It is traditional teaching that patients
with endotracheal tubes, central lines, or feeding tubes war-
rant serial radiographs to ensure appropriate placement,
although a recent study found no advantage of daily
chest radiographs over performing these radiographs only
when clinically indicated in mechanically ventilated ICU
patients (14).

Pneumothorax

In most cases, pneumothorax (Chapter 60) is readily ap-
parent on anteroposterior views of the chest and is pre-
dominantly apical in distribution. This finding is usually
quantified as a percentage, to allow for comparison with the
anticipated repeated chest radiograph taken within 6 to 8
hours after chest tube placement. Patients experiencing an
iatrogenic pneumothorax after a procedure (thoracentesis,
transbronchial biopsy, subclavian line placement) may not
necessarily need tube thoracostomy if the chest radio-
graphic findings remain stable. A pneumothorax in the
supine ICU patient may not be readily apparent. The sulcus
sign is noted when trapped air causes the costophrenic angle
to appear lower and more radiotranslucent than expected.
Subcutaneous emphysema should always prompt concern for
undiagnosed pneumothorax or pneumomediastinum. Crit-
ically ill patients on positive pressure ventilation are sus-
ceptible to this condition, and CT is more sensitive than
chest radiography for definitive diagnosis. Severe bullous
disease may greatly resemble pneumothorax, and emphyse-
matous patients frequently present with pulmonary symp-
toms. If the patient is clinically stable, a chest CT can prevent
the inadvertent placement of a chest tube into a bullous air
collection.

Interstitial Pattern

Any entity that causes fluid collection in the draining inter-
lobular septa will cause linear densities on the chest radio-
graph. This fluid can be lymphatic drainage, as in CHF or
Kaposi’s sarcoma lesions; in these cases, Kerley B lines form
at the perimeter. Lines may be inflammatory, as in fibrotic
conditions, or infectious, as in pneumocystis pneumonia.
Unilateral reticular changes can be seen in carcinomatosis
from lung primary tumors or metastases. Reticular (linear)
changes are extremely nonspecific, and the chest radio-

graph often underestimates their severity and distribution
in comparison with high-resolution chest CT, the next
study of choice. High-resolution CT will also help desig-
nate a site for lavage and transbronchial biopsy if indicated,
and the findings can be nearly pathognomonic in some
conditions (bronchiectasis, “tree and bud” pattern of in-
flammatory disease, nodules along bronchovascular bun-
dles as in sarcoidosis) (Chapter 57).

Air Space (Alveolar) Disease

Infiltrates seen on chest radiographs in patients with air space
disease have an indistinct edge and are “fluffy” and often con-
fluent. Miliary disease falls within this category and can rep-
resent mycobacterial or fungal infection. Air space disease is
typically caused by fluid overload, infection, inflammation,
or hemorrhage. Many pulmonary processes show a combi-
nation of alveolar and interstitial changes.

Pleural Fluid

Extrapulmonary fluid is suggested by a meniscus sign,
blunting of a costophrenic angle, or homogenous haziness
of the lower or dependent aspects of the lungs. Pleural fluid
may be free-flowing or loculated, and this important dis-
tinction is usually determined by lateral decubitus films.
Tactile fremitus and chest percussion (see “Signs,” earlier in
this chapter) will frequently correlate accurately with the
amount of fluid seen on chest radiographs. Supine films
may miss a small effusion. Large effusions on supine chest
radiographs, especially if unilateral, can be mistaken for in-
filtrates. CT is the best alternative if any confusion persists.
Pleural effusions are discussed in Chapter 60.

Consolidation

Any density confined to the lobar anatomy is considered a
consolidation and should be suspected of being infectious
if accompanied by specific symptoms (Chapters 65 and 66).
It is difficult to distinguish atelectasis from pneumonia on
chest radiographs—this is a clinical and not a radiographic
distinction. A greater number of involved lobes bodes a
worse prognosis, particularly in community-acquired pneu-
monia. Upper-lobe infiltrates are more typical of recurrent
tuberculosis, and middle- or lower-lobe infiltrates are more
common in primary tuberculous pneumonia. Lower-lobe
disease is common in aspiration pneumonia, given its de-
pendent location. The bulging fissure sign is considered
classic for Klebsiella pneumonia, a diagnosis more com-
monly seen in alcoholics and those with poor dentition.
Lung cancer can mimic pneumonia or cause a postobstruc-
tive pneumonitis. For this reason, patients at risk for lung
cancer (smoking history, emphysema, family history)
should routinely have a repeat chest radiograph 6 weeks
after discharge for pneumonia. Persistent findings after this
interval are more suggestive of cancer and may need to be
evaluated. Air bronchograms are commonly seen in consol-
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idated lung and suggest that the proximal airways are open.
Lobar collapse may mimic consolidation and has the same
features on physical examination. An elevated hemidi-
aphragm and shift of the mediastinum toward the collapse
is common.

Normal Chest Radiographic Findings

Persistent symptoms and normal chest radiographic find-
ings do not guarantee that the patient is free of a pulmonary
illness; they often demonstrate that radiography is not a very
sensitive test. Diffuse abnormalities can be missed on the
chest radiograph but picked up on pulmonary function tests
or high-resolution CT. Cough, pleurisy, hemoptysis, and
hypoxia are all classic signs of pulmonary embolism, which
usually presents with normal chest radiographic findings
(Chapter 53). Persistent cough may be caused by a medi-
astinal mass that is not well localized on a chest radiograph
and can be visualized only on CT.

KEY POINTS

■ Hemoptysis that impairs oxygenation is considered life
threatening and should be evaluated by specialists in the
ICU.

■ Determination of arterial blood gases is an accurate, in-
formative test and should be performed if there is any
doubt about oxygenation or acid–base status.

■ Chest radiography is a valuable test but insensitive for
detecting diseases confined to the airways or pulmonary
vasculature.

■ Oxygen saturation does not detect alveolar hypoventila-
tion and hypercarbia.

■ All that wheezes is not asthma. Consider other causes of
wheezing if initial therapy for asthma is unsuccessful.

■ Pulmonary function tests can be helpful in the
initial evaluation of respiratory symptoms such as
cough and dyspnea.

■ High-resolution computed tomography is a useful imag-
ing test for symptoms of dyspnea and cough.
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Chronic Obstructive 

Pulmonary Disease
Matthew B. Stanbrook Kenneth R. Chapman

INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is the
fourth most common cause of death in the United States
and Canada and is a leading cause of disability. The annual
U.S. health care expenditure for this condition has been
estimated at $6.6 billion in direct medical costs (1). Acute
exacerbations of COPD are responsible for 9–13 hospital
admissions per 1,000 population each year, with the aver-
age COPD patient experiencing 1–4 such exacerbations per
year. The average length of stay for a typical COPD exacer-
bation is approximately twice that required for an acute
exacerbation of asthma.

In the Americas and Europe, most COPD is the conse-
quence of decades of cigarette smoking; occupational ex-
posures to various respiratory irritants such as grain dust
are thought to be cofactors of lesser importance. In large
parts of Africa and Asia, COPD is more likely to result from
years of exposure to cooking and heating with biomass fu-
els, and it affects women more commonly than men. Re-
gardless of the source of the airway or parenchymal injury,
genetic predisposition to COPD probably also has a role;
clinically important disease develops in only 1 in 6 regular
smokers. The only genetic predisposition to COPD that has
been identified clearly is �-1-antitrypsin deficiency, which
should be considered in nonsmokers or younger patients
with minimally reversible airflow obstruction. Damage to
the lung parenchyma in COPD is irreversible, but the rate
of decline in lung function can be slowed if smoking is
discontinued. In addition, some COPD patients have a
component of reversible airway obstruction; this can be
clinically indistinguishable from asthma and may respond
to effective anti-asthma therapy, such as inhaled steroids
(Chapter 56). COPD symptoms usually begin after at least

20 pack-years of tobacco exposure. For this reason, COPD
usually presents in the fifth decade of life or later, so that
the prevalence of COPD in a population reflects the preva-
lence of tobacco consumption a few decades earlier. Thus,
the frequency of hospital admissions for COPD will con-
tinue to increase significantly in the near future despite re-
cent decreases in smoking rates. In fact, current data show
that women now suffer from COPD as commonly as men
and tend to develop their disease at an earlier age.

ISSUES AT THE TIME OF ADMISSION

Clinical Presentation

An exacerbation of COPD can best be defined as an acute
and persistent worsening of the patient’s respiratory symp-
toms, beyond that which can be attributed to normal day-
to-day variations, and requiring a change in medications
(2). Common symptoms include, but are not limited to,
increased dyspnea, increased sputum purulence, or in-
creased sputum volume (3). Although the COPD exacerba-
tion is commonly viewed and treated as a respiratory tract
infection that causes a worsening of airflow, an exacerba-
tion may have many etiologies.

For the newly hospitalized patient with an apparent ex-
acerbation of previously undiagnosed COPD, it is neces-
sary to verify the presence of obstructive lung disease and
distinguish COPD from asthma. It is also important to
determine whether the precipitant of the exacerbation is
primarily respiratory or nonrespiratory. Common precipi-
tating factors are listed in Table 55.1. A typical history is
that of an upper respiratory tract “infection” in the preced-
ing days to weeks, followed by increasing dyspnea. Cough

55
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typically becomes productive of larger volumes of yellow-
green and viscous sputum, but in some breathless patients
sputum production is paradoxically decreased. Chest tight-
ness or wheezing may be present. Less commonly, fever
will occur. Physical examination reveals tachypnea,
suprasternal and intercostal retractions, and the use of ac-
cessory muscles of respiration. Pursed-lip breathing may be
seen. Breath sounds are usually decreased, accompanied by
diffuse expiratory wheezes. A “silent” chest may indicate se-
vere obstruction. A forced expiratory maneuver that is pro-
longed beyond 6 seconds has moderate predictive value for
obstructive lung disease but does not obviate the need to
measure lung function objectively.

Differential Diagnosis

Chronic obstructive pulmonary disease must be distin-
guished from other acute respiratory and nonrespiratory
syndromes. The presence of fever, chills, or bronchial
breath sounds should alert the clinician to a possible
underlying pneumonia. Pleuritic chest pain suggests pul-
monary embolism, pneumothorax, or a pleural complica-
tion of pneumonia. Congestive heart failure can generally
be distinguished by a history of cardiac disease, signs of
volume overload, and characteristic chest radiographic fea-
tures. This differentiation can be more difficult in patients
with severe underlying lung disease, some of whom will ul-
timately develop cor pulmonale.

Initial Evaluation

The initial evaluation should be directed toward rapid as-
sessment of the severity of respiratory compromise. Mea-
surement of oxygen saturation via pulse oximetry is a
widely available and cost-effective means of determining

the adequacy of oxygenation. In addition, arterial blood
gas measurement is indicated in all patients with a COPD
exacerbation to assess exacerbation severity, to identify the
presence of hypercapnia, and to determine the potential
need for mechanical ventilation (invasive or noninvasive).

During COPD exacerbations, chest radiographs com-
monly show findings not identified on physical examina-
tion but which subsequently alter management, such as
new infiltrates or pulmonary edema. The chest radiograph
may also be helpful in distinguishing COPD from other
conditions; this is particularly true for patients not previ-
ously identified as having COPD in whom typical findings
(e.g., hyperinflation, flattened diaphragm, and decreased
parenchymal markings) suggest the diagnosis.

An early measurement of bedside spirometry may be
useful in some circumstances. For patients without an es-
tablished diagnosis of COPD, a simple flow-volume loop
can distinguish other conditions with similar acute presen-
tations (such as congestive heart failure) from obstructive
lung disease and thus avoid inappropriate empiric therapy.
Establishing the baseline FEV1 at the time of admission
may also be helpful subsequently for comparison in mon-
itoring response to therapy and facilitating discharge plan-
ning. However, patients in exacerbation are often too ill
initially to generate valid spirometric results. Also, unlike
in asthma, spirometry and peak flow measurements have
been found to correlate poorly with the severity of a COPD
exacerbation. Therefore, in patients with well-documented
COPD, such measurements may be omitted.

Electrocardiographic (ECG) features such as tall P waves
and right-sided changes, although nonspecific, support the
diagnosis of COPD; an ECG may be more useful in patients
with previously undiagnosed disease than in those with
known COPD. However, in patients with an irregular
pulse, careful ECG interpretation is important to separate
those with multifocal atrial tachycardia from those with
atrial fibrillation; multifocal atrial tachycardia is associated
with COPD and responds well only to treatment of the un-
derlying condition (Chapter 42).

In addition to the blood gas determination, diagnosti-
cally useful blood work includes a complete blood cell
count, which may reveal polycythemia resulting from
chronic hypoxemia. A theophylline level should be
checked in patients taking this medication.

Indications for Hospitalization

The need for management in the hospital rather than as
an outpatient depends on the severity of the exacerbation
and of the patient’s underlying lung disease, as well as the
availability of resources for support and surveillance of a
community-based treatment attempt. The likelihood of
outpatient treatment failure increases in proportion to the
frequency of previous exacerbations and is also higher for
patients using home oxygen (4). Hospital admission is
clearly indicated for patients with a decreased level of

TABLE 55.1
COMMON PRECIPITANTS
OF EXACERBATIONS OF
CHRONIC OBSTRUCTIVE
PULMONARY DISEASE

Infections (Viral, Bacterial)
Environmental irritants
Gastroesophageal reflux or aspiration
Cardiac arrhythmias
Congestive heart failure
Myocardial infarction
Pulmonary embolism
Pneumothorax
Lung cancer
Postoperative status
Medications
End-stage respiratory disease
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consciousness, hypercapnia or hypoxemia representing a
significant change from baseline, or severe symptoms.
Hospitalization is also appropriate for patients with per-
sistent or progressive symptoms despite an attempt at out-
patient management and for those who cannot provide
adequate self-care in their current environment.

Indications for Initial Intensive Care
Unit Admission

The usual reason for ICU admission with a COPD exacer-
bation is respiratory failure currently requiring or likely to
require intubation and mechanical ventilation (Chapter
24). Signs on physical examination such as cyanosis, aster-
ixis, paradoxical abdominal movement (or other evidence
of respiratory muscle fatigue), decreased level of con-
sciousness, or hemodynamic instability should alert the
clinician to this situation. Patients with persistent hypox-
emia refractory to oxygen supplementation (which may
suggest a secondary cause for the exacerbation, such as
pneumonia or pulmonary embolism) or with severe hy-
percapnia also require ICU admission.

Patients with tachypnea and respiratory acidosis or se-
vere hypoxemia are candidates for noninvasive ventilation,
an intervention best monitored in an ICU or “step-down”
setting. Some centers with appropriate numbers of trained
personnel may be equipped to employ this modality in the
medical wards.

Chronic obstructive pulmonary disease is a chronic and
largely irreversible disease in which respiratory exacerba-
tions recur frequently and baseline disability may be sig-
nificant. Such patients may have issued advance directives
indicating their wishes regarding mechanical ventilation or
other life-sustaining therapies. It is prudent to address these
issues with patients or their appropriate surrogates at the
time of hospital admission in all cases, whether they appear
likely to require ICU management or not (Chapter 17).
Mortality after a COPD exacerbation that requires ICU
admission is high. However, contrary to popular belief,
mortality rates and duration of mechanical ventilation are
no greater in patients with COPD than in patients suffering
respiratory failure from other causes.

Initial Therapy

Hypoxemia must be corrected with an appropriate amount
of supplemental oxygen. In patients who chronically retain
carbon dioxide, a frequently expressed concern is that ex-
cessive oxygenation will lead to increased hypercapnia. Al-
though traditionally this was attributed to depression of
central respiratory drive, most of the increase in carbon
dioxide pressure following oxygen administration is the
consequence of altered ventilation-perfusion matching and
simple biochemistry (oxygen competitively reduces the ca-
pacity of hemoglobin to carry carbon dioxide, a phe-
nomenon known as the Haldane effect). Oxygen therapy

must not be withheld from a hypoxemic patient because of
concerns that hypercapnia may result. Instead, it should be
administered carefully and levels reassessed frequently. A
target range of 88%–92% for oxygen saturation is both safe
and adequate.

Noninvasive ventilation via facial or nasal mask has been
demonstrated in multiple randomized trials to decrease
mortality, hasten improvement of hypercapnia and acido-
sis, reduce respiratory rate, avoid complications associated
with intubation, and decrease hospital length of stay (5).
Suitable candidates are patients with moderate respiratory
acidosis (pH �7.35) and hypercapnia despite an increased
respiratory rate. Conversely, noninvasive ventilation is
unlikely to be beneficial in those with milder (pH �7.35)
exacerbations and is contraindicated in patients with de-
creased respiratory drive, decreased level of consciousness,
hemodynamic instability, or very severe (pH �7.20) exac-
erbations, who instead require intubation. Noninvasive
ventilation is best delivered by experienced personnel able
to monitor patient respiratory status, titrate pressures, and
allay patient anxiety. The technique is well described in
Chapter 23. Improvement should be seen within the first 4
hours; if not, intubation should be considered.

Inhaled bronchodilators are the safest, most rapid, and
most effective means of improving airway caliber to the de-
gree possible. Both �2–adrenergic agonists and inhaled an-
ticholinergic agents (e.g., ipratropium bromide) improve
spirometric parameters and relieve symptoms in acute
COPD exacerbations. In this setting, the optimal dose of �-
agonist based on dose-response studies in COPD patients,
is the equivalent of 800–1,000 mg of albuterol via metered-
dose inhaler (MDI) (approximately six to eight puffs), or 2.5
mg via nebulizer. Higher doses may increase bronchodila-
tion but also cause more adverse effects, such as tachy-
arrhythmias and tremor. Similarly, optimal benefit from
ipratropium bromide has been demonstrated at a dose of
80–120 mg (4–6 puffs) via MDI, or 0.5 mg via nebulizer. It
is common practice to treat with both classes of bron-
chodilator together, although studies to date have been too
limited to establish whether combined therapy is superior
to single-agent therapy early in the acute exacerbation (6).
However, in the setting of stable disease, the combination
produces greater spirometric benefit than does monother-
apy, making it plausible that the acutely ill COPD patient
will benefit from the combination approach sometime dur-
ing the recovery. In general, administration of bronchodila-
tors via MDI with a spacer device achieves bronchodilation
equal to that achieved via nebulizer but at lower cost. An
added advantage of this approach is the in-hospital oppor-
tunity to assess and teach inhaler technique. Moreover,
current concerns about the spread of highly contagious res-
piratory infections such as SARS in the hospital setting will
discourage the use of nebulizers that are likely to aerosolize
infectious droplets. Patients unable to hold their breath for
3 seconds may require initial nebulizer therapy with
appropriate infection control procedures in place.
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Systemic corticosteroids have been shown in multiple ran-
domized trials to be effective in reducing treatment failure,
hastening the recovery of lung function, and decreasing
length of stay (7). Studies comparing different doses are
lacking, but a dose of 0.5 mg/kg of prednisone or equiva-
lent, given once daily either orally or intravenously, appears
to be sufficient. Inhaled steroids have not been well evalu-
ated in the management of exacerbations. The only excep-
tion is nebulized budesonide, which appears to improve
lung function, but tends to be less effective overall than sys-
temic steroids and is more expensive (8).

Antibiotics can be beneficial in COPD exacerbations, pri-
marily in patients with productive cough and purulent-
appearing sputum. For patients with mucoid sputum or no
sputum, antibiotics do not appear to alter recovery (9). Ac-
quisition of a new strain of Haemophilus influenzae, Strepto-
coccus pneumoniae, and Moraxella catarrhalis (but not of
Pseudomonas aeruginosa or Staphylococcus aureus) has been
found to be associated with exacerbations (10), so the an-
tibiotic chosen should cover these three pathogens, taking
into account local resistance patterns. Reasonable choices
include a second-generation cephalosporin, a second-
generation macrolide, a tetracycline, a second-generation
fluoroquinolone, or amoxicillin clavulanate.

Intravenous aminophylline appears to add little benefit,
produces troublesome side effects, and interacts with mul-
tiple other medications. Its use in the setting of acute COPD
exacerbation must be considered hazardous, and we do not rec-
ommend it. Although some argue that theophylline may be
a ventilatory stimulant or may relieve fatigued respiratory
muscles, these attributes are of questionable benefit in acute
COPD, a disease in which most patients already have an in-
creased drive to breathe. The best treatment for fatigued res-
piratory muscles is rest with supportive ventilation. Oral
theophylline may be continued in patients who have been
taking it before their acute illness; indeed, abrupt discon-
tinuation during an exacerbation may be detrimental (11).
The theophylline level should be checked.

Mucolytic agents such as N-acetylcysteine have not been
shown to be useful. Long-acting bronchodilators (e.g., for-
moterol) and heliox have been the subject of preliminary
investigations, but do not currently have a defined role in
acute exacerbations.

Medications that depress the respiratory system, such as
opiates and sedative/hypnotics, should be avoided or min-
imized. However, if patients are “end-stage” and the goal of
care is comfort, their use is permissible and sometimes es-
sential (Chapter 19).

Indications for Early Consultation

Most COPD exacerbations can be managed by the general-
ist without difficulty. Consultation by a specialist in pul-
monary medicine should be considered in patients with
severe disease, complicated disease, or atypical features.
This last category might include COPD occurring before

age 50 or in the absence of a significant smoking history.
Those whose FEV1 value is better (�1 L or approximately
�35% of the predicted value) than one would guess from
the degree of symptoms or arterial blood gas abnormalities
should receive subspecialty assessment. The markedly
breathless patient with an FEV1 value greater than 1 L may
have concomitant congestive heart failure or some other
condition to explain the disproportionate symptoms. The
use of the B-type natriuretic peptide (BNP) can aid in the
diagnosis of CHF in patients with asthma or COPD (12)
(Chapter 39). The patient with hypercapnic respiratory fail-
ure despite only moderate obstruction may have a previ-
ously undiagnosed sleep apnea syndrome and should un-
dergo formal evaluation.

ISSUES DURING THE COURSE
OF HOSPITALIZATION

A critical pathway for acute exacerbations of COPD is
shown in Figure 55.1.

In the period immediately following admission, bron-
chodilators must be given aggressively to provide symp-
tomatic relief, and oxygen needs must be met. The respira-
tory therapist plays a key role at this time. �2-agonists may
be given as often as every 20 minutes; the severity and per-
sistence of symptoms should guide the frequency of ad-
ministration. Ipratropium is commonly given initially and
administration repeated every 2–4 hours, although there is
little research to guide optimal dosing frequency in this set-
ting. In patients whose clinical or blood gas findings indi-
cate impending respiratory failure, supportive ventilation
must be initiated by invasive or noninvasive means. The
management of mechanical ventilation in patients with
airway obstruction is reviewed in Chapter 23.

For the majority of patients who stabilize with treat-
ment, the subsequent goal is gradual improvement in
respiratory function toward baseline within the next few
days. Use of oxygen and bronchodilators is guided by the
same principles as before, but the patient’s less precarious
status allows for less frequent administration of bron-
chodilators and fewer assessments of blood gases. As im-
provement is seen, bronchodilator dose and frequency of
administration can be decreased to typical maintenance
regimens. Steroids and antibiotics are continued and
should be given orally whenever possible unless there is
concern that absorption may be impaired by a coexisting
condition such as congestive heart failure. The optimal du-
ration of steroid therapy is 5 days to 2 weeks (13); longer
steroid use should be discouraged because it can lead to
muscle wasting (including respiratory muscles), metabolic
alkalosis, hyperglycemia, and increased risk of infections.
Tapering of the steroid dose is not necessary, since adrenal
suppression is not an issue with short courses of steroids in
the acute setting. Patients should be encouraged to increase
their activities as tolerated. Physiotherapy may be helpful
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Day 1
Initial management

• O2 sat
• ABG. Repeat in 30–60 minutes to
  assess trend if initial PaCO2 ≥ 45 or
  if level of consciousness changes
• Chest radiograph
• CBC/diff
• Theophylline level
• ECG
• Bedside spirometry (where
  appropriate)

• O2 to keep sats 88%–92% or pO2 >55
• Bronchodilators:
  - Ipratropium + β-2 agonist q2 to
     4h via MDI if possible or via
     nebulizer
  - β-2 agonist up to q20 min prn
• Prednisone 0.5 mg/kg po daily
• Antibiotics (if purulent sputum)
Consider:
• Noninvasive ventilation if resp rate
  >23, pH <7.35, pCO2 >45
• SQ heparin if non-ambulatory

• Vitals
• Reassess O2 sat
• Reassess for prn β-agonist
• Admission weight
• RT to evaluate and follow

• Bed rest with bathroom privileges

• Diet as tolerated

• Notify primary MD
• Assess home situation
• Involve SW if indicated

• Assess MDI technique
• Orient to unit

Subsequent
days

• Repeat bedside spirometry on day
  3 (if baseline done)
If not improving:
• Consider repeat chest radiograph, ABG
• ? exacerbating factors
• ? other disease contributing
• ? pulmonary consult
• See Table 55.2

• Continue bronchodilators; reduce to
   qid
• Continue po steroids for 5–14 day
   course
• Continue po antibiotics for 5–10 day
   course
• Wean O2 if possible

• Vitals
• Reassess O2 sat
• Reassess need for prn β-agonist
• Assist with ADLs

• Encourage activity as tolerated
• RT to perform exercise oximetry

• Diet as tolerated

• MD/RN/SW communication re: patient
  status and discharge
• Assess need for home O2 therapy

• Discharge teaching (meds, MDIs)
• Smoking cessation counseling

• PFTs before discharge as baseline
   for follow-up

• Choose maintenance bronchodilator regimen (e.g.,
   ipratropium 2 puffs qid + β-agonist prn)
• Consider influenza or pneumococcal vaccine before
   discharge

• Vitals
• Reassess O2 sat

• Ambulation + ADLs back to baseline

• Discharge needs met (home O2, meds, transportation)
• Follow-up appointment made
• Instruction sheet given

Review with patient and family:
• Meds/MDIs/O2
• Return signs and symptoms

Tests

Medications and
therapeutics

Nursing/
assessment

Activity

Nutrition

Communications/
discharge
planning

Patient education

Discharge day
(average day 5–9)

Figure 55.1 A critical pathway for the hospitalized patient with chronic obstructive pulmonary dis-
ease. ABG, arterial blood gas; ADLs, activities of daily living; CBC, complete blood count; MDI, me-
tered dose inhaler; PFTs, pulmonary function tests; RT, respiratory therapist; SW, social worker. 

to prevent deconditioning; however, traditional chest phys-
iotherapy by means of percussion and postural drainage
(which is useful in other obstructive lung diseases such as
bronchiectasis) has not been shown to be of benefit in
COPD and may even be detrimental.

Duration of illness varies among patients; an average
hospitalization generally ranges from 5–15 days, with the
median length of stay being 9 days. In some managed care
markets in the United States, an average length of stay of 3
to 5 days is now seen without obvious untoward effects. In
the stable patient, some of the final days can potentially be
spent in a post-acute setting.

A successful treatment outcome is usually heralded by
an improvement in FEV1 within the first 2 days after ad-
mission (11). If patients fail to improve, one must search
for underlying diseases or factors impeding recovery. Possi-

bilities and suitable approaches in this circumstance are
outlined in Table 55.2.

The hospital admission provides a major opportunity
for patient education. Smoking cessation is the most im-
portant intervention in COPD and has been proved to re-
duce the decline in lung function; a hospitalization thus
represents a particularly appropriate time for counseling.
Teaching optimal inhaler technique is a simple but often
overlooked factor that can improve symptom control and
reduce readmission rates.

DISCHARGE ISSUES

The patient is ready for discharge when the presenting
symptoms have been substantially reduced or abolished,
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requirements for oxygen and other medications have stabi-
lized, and any precipitating causes have been reversed.
Although resolution of symptoms is typically seen by
day 7 on average, recovery to pre-exacerbation levels of
physical function may take up to 3 months (3). In the
interval between discharge and full recovery to usual 
self-care, patients may need assistance at home on a tem-
porary basis.

Patients who have not previously required long-term
oxygen therapy may exhibit mild persistent hypoxemia in
the recovery period. Nevertheless, if they are otherwise sta-
ble, they may safely be discharged with home oxygen ther-
apy. The criteria for home oxygen are listed in Table 55.3.
Appropriate arrangements should be made before dis-
charge. Because only about 20% of such patients will re-
quire the oxygen supplementation indefinitely, follow-up
blood gas studies should be scheduled.

Maintenance bronchodilator therapy should be pre-
scribed and a plan for discontinuation of oral steroids
established. Several studies have reported that stable but
exacerbation-prone patients with severe airflow obstruc-
tion are less likely to suffer exacerbations if inhaled corti-
costeroids are used regularly as maintenance therapy;
these findings are reflected by current international and
national COPD management guidelines. Whether such
therapy should be initiated after the first COPD exacerba-
tion or whether it is more appropriate to await a pattern
of exacerbations is a matter of current debate. Some
experts would currently regard a severe exacerbation
requiring hospitalization to be reasonable grounds for
long-term inhaled anti-inflammatory therapy. The use of
long-acting bronchodilators seems to reduce the exacerba-
tion risk, as has been reported for both tiotropium (14)
and salmeterol (15). Studies are currently underway to 
define the role of combination therapy with inhaled 
long-acting bronchodilators and inhaled corticosteroids
in COPD.

Advice should also be given regarding what to do if
symptoms recur. For some patients, a self-management
plan with instructions to start antibiotics or steroids in the
face of an exacerbation may prevent a visit to the emer-
gency department or hospitalization. Factors associated
with an increased risk of readmission include the degree of
baseline lung function impairment, the frequency of previ-
ous admissions for COPD, a limited capacity for self-care,
and polypharmacy (16).

TABLE 55.2
CONSIDERATIONS IN PATIENTS FAILING TO IMPROVE AFTER EMPIRIC
THERAPY FOR ACUTE EXACERBATION OF CHRONIC OBSTRUCTIVE
PULMONARY DISEASE

Reason for failure
to improve

Respiratory muscle
fatigue

Respiratory
depression

Underlying
precipitant not
reversed

Pneumothorax

Poor inhaler
technique

Psychological
misperception of
dyspnea

Lung disease at
end-stage

Recommended approach

Look for physical signs. Consider mechanical ventilation.

Repeat arterial blood gases. Review medications carefully. Assess for other
causes of decreased level of consciousness (delirium, sepsis). Consider
mechanical ventilation (noninvasive or invasive).

Repeat history and physical, review medications, repeat chest radiograph
and basic bloodwork. Consider sputum culture for atypical mycobac-
teria. Consider pulmonary consult if cause remains unclear.

Repeat chest examination and chest radiograph. Suspect particularly in
patients with known bullous disease or if positive pressure ventilation
has been used.

Reassess technique and reinforce teaching as appropriate. Encourage use
of spacer device.

Repeat objective measurements of pulmonary function. Refer for pul-
monary rehabilitation incorporating breathing retraining, coping, and
self-management techniques.

Repeat history with focus on patient’s level of function during recent
months. Obtain past pulmonary function results for comparison. Con-
sider pulmonary consultation. Consider palliative management.

TABLE 55.3
CRITERIA FOR LONG-TERM OXYGEN

Room air PO2 �55 mm Hg or O2 saturation �88%
Room air PO2 56–60 mm Hg or O2 saturation 89–90% and any of

the following:
cor pulmonale
pulmonary hypertension
persistent erythrocytosis
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Follow-up should be arranged with the patient’s
primary care physician or pulmonary specialist. Pneumo-
coccal and influenza vaccines are indicated in all COPD pa-
tients and may be given before discharge when appropriate.
It may also be useful to repeat spirometry before discharge
to provide a baseline for the outpatient return visit. Patients
observed to have a sudden decrease in FEV1, the appearance
of bullae on radiographic tests, or severe respiratory disease
but who otherwise have a good medical status may be ap-
propriate candidates for surgical interventions, such as lung
volume reduction surgery or bullectomy (Chapter 58). The
follow-up visit also represents an appropriate opportunity
for the primary physician to discuss advance directives, if
these have not already been addressed.

EXACERBATIONS OF CHRONIC
OBSTRUCTIVE PULMONARY DISEASE
PRESENTING DURING
HOSPITALIZATION

Exacerbations of COPD frequently commence after pa-
tients are hospitalized for other reasons. As such, symp-
toms often go unrecognized initially or are attributed to
other processes. A typical example is the postoperative pa-
tient who fails extubation or has difficulty being weaned
from supplemental oxygen; commonly, underlying COPD
has been previously unsuspected. In some instances, the
COPD exacerbation will be triggered by the primary event
responsible for the hospitalization. When a patient with
COPD experiences respiratory difficulties after a cholecys-
tectomy, for example, it is not difficult to understand how
postoperative sedation, atelectasis, and an upper abdomi-
nal incision would impair gas exchange and respiratory
muscle function.

Some hospital interventions may contribute more sub-
tly to worsening COPD. A frequently overlooked culprit is
�-blocker eyedrops, which may be absorbed in sufficient
amounts to produce systemic effects. In exacerbations aris-
ing in the hospital, identification and treatment of the un-
derlying precipitant is of primary importance. Management
is otherwise similar to that for community-acquired cases,
although empiric antibiotic treatment may not be useful.
In-hospital presentations more frequently represent de novo
diagnoses of COPD, and so more attention may need to be
paid to investigation and follow-up.

COST CONSIDERATIONS AND
RESOURCE USE

Although previous estimates have been higher, a popula-
tion-based study found the average cost of a COPD admis-
sion in the United States to be $2,700, using data from the
early 1990s (1). A simple but often neglected way to mini-
mize costs is to administer medications by less expensive

but equally efficacious routes. Two examples are adminis-
tration of bronchodilators by MDI with spacer instead of by
nebulizer, and oral (in place of IV) administration of an-
tibiotics and steroids at the earliest appropriate juncture.
Patient education can also be a simple way to decrease re-
source utilization: establishing self-management plans for
patients to initiate during exacerbations has been shown to
reduce hospitalizations and emergency room visits (17).

KEY POINTS

■ Chronic obstructive pulmonary disease is a major cause
of morbidity, mortality, and hospitalization, and its
prevalence continues to increase.

■ The initial approach to an exacerbation of chronic
obstructive pulmonary disease consists of identifying
obstructive lung disease, distinguishing chronic obstruc-
tive pulmonary disease from asthma and other causes of
acute respiratory symptoms, and determining the pre-
cipitating factor(s).

■ The severity of respiratory compromise is determined
from the physical examination findings and arterial
blood gas measurement.

■ Hypoxemia must be corrected with appropriate and care-
fully monitored oxygen therapy.

■ Treatment of acute exacerbations generally involves
inhaled bronchodilators, systemic corticosteroids, and
antibiotics.

■ Noninvasive ventilation can reduce morbidity and mor-
tality significantly in selected patients.

■ Exacerbations of chronic obstructive pulmonary disease
in patients hospitalized for other reasons are common,
but recognition is often delayed.
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Exacerbations of 

Asthma
Homer A. Boushey

INTRODUCTION

The causes, pathophysiology, clinical presentation, and
treatment of asthma exacerbations share many features with
those of exacerbations of Chronic obstructive pulmonary
disease (COPD), discussed in the previous chapter. There
are, however, important differences in the presentations
and treatments of the two disorders that must be under-
stood to avoid potentially serious errors in management.

EXACERBATIONS OF ASTHMA

Asthma is the most common respiratory emergency en-
countered in clinical practice. About 7% of the U.S. popu-
lation suffers from asthma. In 1998, asthma accounted
for 13.9 million visits for outpatient care, 2 million visits
for urgent care, and 423,000 hospitalizations (1). The costs
for hospitalization account for over half of the more than
$6 billion in direct medical costs of asthma (2).

The incidence of asthma peaks in childhood, but new
asthma may present at any age. The condition is now rec-
ognized as a chronic disorder of the airways, so the risk for
attacks extends over the lifetime of most patients, especially
for those with asthma in adulthood. National and interna-
tional guidelines have classified asthma as “mild intermit-
tent,” “mild persistent,” “moderate,” or “severe,” based on
the frequency and severity of symptoms, the disturbance in
pulmonary function, and the requirement for medications
(3) (see Table 56.1). Although this classification has
proved useful in providing general guidelines for therapy,
it does not recognize all forms of asthma, such as “sudden
asphyxic asthma” or “brittle asthma” (4). In general, the

frequency of attacks requiring urgent treatment varies with
severity, but severe and even fatal attacks can occur in
patients with mild forms of asthma. The risks for severe
morbidity or death from attacks increase with age, proba-
bly because of the development of complicating coexistent
diseases, especially of the cardiovascular system.

Acute asthma exacerbations in patients presenting to the
emergency department are a common and potentially
serious complication of asthma. Between 20%–30% of
asthmatic patients presenting for emergency care require
hospitalization (5). The most common precipitating
factor—accounting for as much as 80% of exacerbations in
children—is infection with one of the viruses responsible
for the common cold, especially rhinovirus (6). However,
infections with other respiratory pathogens, including
influenza, parainfluenza, and respiratory syncytial viruses,
adenoviruses, and the bacteria Mycoplasma pneumoniae and
Chlamydia pulmonis, can also trigger severe attacks. Other
precipitants are exposure to allergens or irritants (e.g., sul-
fur dioxide, particulate pollutants), use of medications
(especially nonsteroidal anti-inflammatory agents or oral
or topical �-blocking drugs), and medication noncompli-
ance. Asthmatic patients with anaphylactic sensitivity to an
allergen such as peanuts or insect venom have especially
severe sudden attacks on encountering the allergen.

Knowing the cause of an attack can be useful for pre-
dicting the duration of treatment likely to be necessary and
for educating patients about measures they should take to
avoid severe attacks in the future, but it has no effect on ini-
tial management. Regardless of the cause of the attack, the
first steps are to assess the severity of airflow obstruction
and begin treatment. It is also necessary to identify risk fac-
tors for a poor outcome, including death, to determine

56
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whether admission to intensive care or to a hospital ward
will likely be necessary, and to identify comorbid diseases
that may complicate management, such as pneumothorax,
pneumonia, and bacterial sinusitis.

ISSUES AT THE TIME OF ADMISSION

Clinical Presentation

The cardinal symptoms of asthma are wheeze, chest tight-
ness, and shortness of breath, often associated with cough.
When a patient with a prior history of asthma presents with
dyspnea and diffuse wheezes throughout the lung fields,
the diagnosis is not difficult. The fundamental abnormality
accounting for these features is diffuse, inhomogeneous
narrowing of the airways throughout the lungs, but the
signs and symptoms of asthma correlate poorly with the
severity of airflow obstruction. Except for patients with an
obviously severe attack, the initial assessment should
therefore include some objective assessment of airflow.
Simple measurements of lung function, such as forced ex-
piratory volume in 1 second (FEV1) or peak expiratory flow
(PEF), provide quantitative, reproducible information, and
serial measurements help the clinician to assess the re-
sponse to therapy and avoid both unnecessary admission
and premature discharge. Performing a maximal inspira-
tory-expiratory maneuver can itself provoke bronchocon-
striction, especially in the absence of bronchodilator
treatment. Therefore, in the patient suffering an obviously
severe acute attack, it is prudent to wait until an hour or two
after treatment has started before the first measurement of
FEV1 or peak flow.

Differential Diagnosis and Initial Evaluation

Cough, shortness of breath, and wheeze are nonspecific
symptoms, and other diagnoses need to be considered,
especially in patients without a prior diagnosis of
asthma. In children under the age of 3 years, the most
common cause of these symptoms is acute viral bronchitis/
bronchiolitis, often resulting from infection with respira-
tory syncytial virus. Pneumonia is a cause of dyspnea,
cough, and sputum production, but it is associated with lo-
calized wheezing at most. In elderly patients or in those
with risk factors for cardiac disease, pulmonary edema
must be considered, as acute elevations in left atrial pres-
sure can cause airway narrowing and wheezing (“cardiac
asthma”). The frequency with which acute pulmonary
embolism presents with wheezing is probably overesti-
mated, but the association is authentic. The disorder most
commonly confused with an asthma exacerbation is prob-
ably acute bronchitis. Strictly speaking, the label of “acute
bronchitis” may be correctly applied to the condition of
asthmatic patients presenting with dyspnea and cough pro-
ductive of purulent sputum, for they do indeed have an
acute inflammation of the bronchial mucosa. The problem
is that the diagnosis is insufficient, and the treatment pre-
scribed, generally a broad-spectrum antibiotic, is inappro-
priate and ineffective. In fact, the correct diagnosis is often
delayed by this error, and many patients are not given a
diagnosis of asthma until they have taken multiple courses
of antibiotics over several years to treat “bronchitis.”

The most important mimic of asthma is mechanical ob-
struction of the upper airway. Unusual cases include laryngeal
edema, an aspirated foreign body, benign or malignant
tumors of the larynx or trachea, or mediastinal masses
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TABLE 56.1
CLASSIFICATION OF ASTHMA SEVERITY: CLINICAL FEATURES 
BEFORE TREATMENT

Days with Nights with
symptoms symptoms PEF or FEV1 PEF variability

Severe Continual Frequent �60% �30%
persistent

Moderate Daily �5/mo 61–79% �30%
persistent

Mild persistent 3–6/wk 3–4/mo �80% 20–30%
Mild intermittent �2/wk �2/mo �80% �20%

Patients should be assigned to the most severe group in which any feature occurs. Clinical features for
individual patients may overlap across groups. A patient’s classification may change over time. Patients
with chronic asthma at any level of severity can have mild, moderate, or severe exacerbations of asthma.
Some patients with intermittent asthma experience severe and life-threatening exacerbations separated by
long periods of normal lung function and no symptoms. Patients with two or more asthma exacerbations
per week (i.e., progressively worsening symptoms that may last hours or days) tend to have moderate to
severe asthma.
FEV1, forced expiratory volume in 1 second; PEF, peak expiratory flow.
From National Asthma Education and Prevention Program, Expert Panel Report 2. Guidelines for the
diagnosis and management of asthma. NIH publication No. 97-4051, April 1997, with permission.
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compressing the central airways. The most common cause
of upper airway obstruction is vocal cord dysfunction, a fre-
quently overlooked psychophysiologic disorder in which
contraction of intrinsic muscles of the larynx causes adduc-
tion of the vocal cords (7). Patients may be diagnosed with
this disorder only after multiple emergency department
visits and hospitalizations for asthma; many are treated (in-
appropriately) with high daily doses of an oral corticos-
teroid. Patients with vocal cord dysfunction are heteroge-
neous, but a substantial subgroup consists of overweight
females with a history of sexual or emotional abuse. An-
other risk factor appears to be gastroesophageal reflux with
repeated microaspiration of gastric acid. Regardless of an
individual patient’s demographics, upper airway obstruc-
tion should be considered when auscultation reveals
monophonic wheezing over the lung fields that is loudest
over the neck. Other clues include dysphonia and inspira-
tory stridor. The consequences can be dramatic; vocal cord
dysfunction can even result in hypoventilation and carbon
dioxide retention. The diagnosis may be confirmed by a
flow–volume curve indicating fixed limitation of inspira-
tory flow (Chapter 54), but it usually requires laryngoscopy
showing paradoxical adduction of the vocal cords during
inspiration. The distinction of vocal cord dysfunction
from asthma is important because �2-agonists and systemic
corticosteroids are ineffective in the former, and the emer-
gency treatment for severe attacks of vocal cord dysfunc-
tion—intravenous administration of a short-acting sedative
such as midazolam—is contraindicated for asthma. Long-
term management of vocal cord dysfunction often requires
psychological counseling and consultation with a speech
therapist.

The low mortality of asthmatics who present for emer-
gency care is partly attributable to improved recognition of
the features of potentially fatal attacks so that early transfer
to an ICU is facilitated. It is sometimes easy to recognize an
attack as life threatening. Obvious clues are an altered sen-
sorium, an upright posture, diaphoresis, telegraphic
speech, cyanosis, and fatigue. When any of these signs is
present, objective assessment of the severity of airflow ob-
struction is not necessary before treatment is started (and,
as noted earlier, may actually be risky). However, the ab-
sence of these signs does not exclude an attack from being
potentially life threatening. Other clues are an inspiratory
fall in systolic blood pressure (pulsus paradoxus) of more
than 15 mm Hg, intercostal retractions, poor air movement
(“silent chest”), a PEF or FEV1 value that is below 25% of
the predicted value, PEF below 100 L/min, and FEV1 below
1.0 L. Pneumothorax is a life-threatening complication of
asthma; wide swings in pleural pressure can rapidly cause
progression to lung collapse and tension pneumothorax
(Chapter 60).

Although a portable chest radiograph should be ob-
tained whenever pneumothorax is suspected, chest radiog-
raphy is not necessary for routine assessment of a patient
with an asthma exacerbation. Bacterial pneumonia rarely

causes exacerbations, and the purulent sputum sometimes
produced by asthmatic patients usually reflects inflamma-
tion of the bronchial airways caused by viral infections or
allergen inhalation rather than bacterial bronchitis or
pneumonia. Chest radiographs are thus reserved for the
assessment of patients with fever in addition to purulent
sputum, those with localized wheezing, and those in
whom pneumothorax is suspected. Similarly, measure-
ment of the white blood cell count and Gram stain of the
sputum need not be performed in assessing acute attacks of
asthma unless pneumonia is suspected.

Measurement of arterial blood gases is rarely necessary
in the initial assessment. Patients having mild attacks usu-
ally have mild hypoxemia with normal oxygen saturation
(PaO2 66 to 69 mm Hg), hypocapnia (PaCO2 33–36 mm
Hg), and respiratory alkalosis. Hypoxemia can be detected
by simple percutaneous oximetry and can be corrected by
administering supplemental oxygen. The practical purpose
of measuring arterial blood gases is detection of carbon dioxide
retention. Respiratory drive is invariably increased in
asthma exacerbations, and a normal value for PCO2 may
indicate extremely severe airflow obstruction (FEV1

�15%–20% of predicted value) and fatigue of the muscles
of respiration. However, even patients with carbon diox-
ide retention often respond quickly to therapy, so the im-
portant goal of initial assessment is to recognize that an
attack is severe and to administer effective treatment. The
information obtained from arterial blood gas measure-
ment becomes particularly important when an attack does
not respond to initial therapy, as it can help with the de-
cision regarding the need for intubation and mechanical
ventilation. In severe attacks, arterial blood gas values
may also indicate the presence of acidosis, variably from
metabolic and respiratory causes (lactic acidosis and alve-
olar hypoventilation, respectively); this rarely requires any
treatment beyond effective oxygenation and relief of air-
flow obstruction.

Initial Treatment

Treatment should be started as soon as an asthma exacer-
bation is recognized and its severity assessed (Figure 56.1).
While treatment is being administered, a focused history
and physical examination pertinent to the exacerbation
should be obtained. Lung function should be measured pe-
riodically, usually 2 hours after initial treatment and prior
to hospital admission or discharge. The following are the
key treatment modalities:

1. Supplemental oxygen (by nasal cannulae or mask) should
be administered to maintain an oxygen saturation
above 90% (�93% in children and pregnant women).
Oxygen saturation should be monitored until a clear re-
sponse to bronchodilator therapy occurs.

2. An inhaled short-acting �2-agonist should be admin-
istered promptly. In the emergency department, it is
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Admit to Intensive Care Unit
• Inhaled β2-agonist hourly or

continuously + inhaled anticholinergic
• Intravenous corticosteroid
• Oxygen
• Possible intubation and mechanical

ventilation

Admit to Intensive
Care Unit 

(see below)

Initial Assessment
History, physical examination (auscultation, use of accessory muscles, heart rate, respiratory rate),

PEF or FEV1, oxygen saturation, and other tests as indicated

Repeat Assessment
Symptoms, physical examination, PEF, O2 saturation, other tests as needed

      Moderate Exacerbation
FEV1 or PEF 50%–80% of predicted
or personal best
Physical exam: moderate symptoms
• Inhaled short-acting β2-agonist

every 60 minutes
• Systemic corticosteroid
• Continue treatment 1-3 hours,

provided there is improvement

     Severe Exacerbation
FEV1 or PEF <50% of predicted or personal best
Physical exam: severe symptoms at rest, accessory muscle use, chest retraction
History: high-risk patient
No improvement after initial treatment
• Inhaled short-acting β2-agonist, hourly or continuous + inhaled anticholinergic
• Oxygen
• Systemic corticosteroid

                  Good Response
• FEV1 or PEF >70%
• Response sustained 60 minutes after

last treatment
• No distress
• Physical exam: normal

         Incomplete Response
• FEV1 or PEF >50% but <70%
• Mild-to-moderate symptoms

               Poor Response
• FEV1 or PEF <50%
• PCO2 ≥42 mm Hg
Physical exam: symptoms severe,
drowsiness, confusion

Improve Improve

Discharge Home
• Continue treatment with inhaled β2-agonist
• Continue course of oral systemic corticosteroid
• Patient education

-Review medicine use
-Review/initiate action plan
-Recommend close medical followup

Individualized decision re: hospitalization
(see text)

Admit to Hospital Ward
• Inhaled β2-agonist + inhaled

anticholinergic
• Systemic (oral or intravenous)

corticosteroid
• Oxygen
• Monitor FEV1 or PEF,
   O2 saturation, pulse

Discharge Home
• Continue treatment with inhaled

β2-agonist
• Continue course of oral systemic

corticosteroid
• Patient education

-Review medicine use
-Review/initiate action plan
-Recommend close medical followup

• Intubation and mechanical
ventilation with 100% O2

• Nebulized β2-agonist and
anticholinergic

• Intravenous corticosteroid

 Impending or Actual
Respiratory Arrest

FEV1 or PEF <50%
(Severe Exacerbation)

• Inhaled high-dose β2-agonist and
anticholinergic by nebulization every 20
minutes or continuously for 1 hour

• Oxygen to achieve O2 saturation ≥90%
• Oral systemic corticosteroid

• Inhaled β2-agonist by metered-dose inhaler
or nebulizer, up to three doses in first hour

• Oxygen to achieve O2 saturation ≥90%
• Oral systemic corticosteroids if no immediate

response or if patient recently took cortico-
steroids

FEV1 or PEF >50%

Figure 56.1 Management of asthma exacerbations: emergency department and hospital care.
Adapted from the NIH guidelines for the diagnosis and management of asthma. Expert panel report
2. United States Department of Health and Human Services publication no. 97-4051.
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usually given via a nebulizer (albuterol 2.5–5.0 mg in
1.5–2.0 mL isotonic saline) powered by a compressed
oxygen–air mixture every 20 minutes for the first hour
and hourly thereafter, or until clear improvement oc-
curs. An alternative, but no more effective, strategy is to
give the same total dose by continuous nebulization
over 4–6 hours (8). Another equally effective approach
for patients who can coordinate the use of a metered
dose inhaler is to give albuterol by metered-dose inhaler
(MDI) with a spacer, four to six puffs (90 mg per puff)
every 20–30 minutes for the first hour and hourly there-
after. After this initial period of intense treatment, the
frequency of administration varies according to the
improvement in airflow obstruction and associated
symptoms.

3. For severe exacerbations, an anticholinergic agent should
be added to the nebulized �2-agonist. The addition of a
high dose of ipratropium bromide (0.5 mg in adults) to
an aerosolized solution of albuterol has been shown to
enhance bronchodilation and reduce the rate of hospi-
talization in asthmatic patients with severe airflow
obstruction (9).

4. For moderate to severe exacerbations, and for exacer-
bations incompletely responsive to initial �2-agonist
therapy, begin an oral corticosteroid “burst” regimen (e.g.,
40–60 mg of prednisone per day or 1–2 mg/kg per
day), given in a single or divided doses for 3–7 days.
Also provide supplemental doses of oral corticos-
teroids to patients who take them regularly, even if the
exacerbation is mild. Prednisone and methylpred-
nisolone are well absorbed when taken orally, so
intravenous administration is not necessary. Systemic
corticosteroids do not act immediately (the earliest
demonstrable improvement is noted at 6 hours), but
they have been proven to reduce the rates of hospital-
ization and relapse (10). In the past, treatment of pa-
tients hospitalized for severe asthma with an inhaled
corticosteroid was thought to be contraindicated, for
fear that the inhaled particles would irritate the airways
and provoke bronchoconstriction. The opposite has
been found to be the case, and some exploratory stud-
ies have suggested that early treatment with high doses
of a potent inhaled corticosteroid may reduce or elim-
inate the need for systemic corticosteroid therapy after
the third hospital day (11,12). At the least, starting pa-
tients on an inhaled corticosteroid before discharge
provides an opportunity to instruct patients in their
use and may reduce the risk of relapse even if oral cor-
ticosteroids are continued for 10–14 days after the at-
tack (13,14).

5. Methylxanthines are no longer recommended because they
appear to add no benefit to optimal inhaled �2-agonist
therapy and may increase adverse effects. In patients
currently taking a theophylline preparation, the
serum level should be measured to rule out theo-
phylline toxicity.

6. The place of antibiotics in treatment is not established.
Only two prospective, blinded clinical trials have
examined the question, and neither showed beneficial
effect (15). Antibiotic treatment may be necessary
for comorbid conditions (e.g., pneumonia, bacterial
sinusitis), and it should be considered for patients with
fever and purulent sputum or pulmonary infiltrates on
chest radiography. The use of macrolide antibiotics has
some theoretical attractiveness because they are active
against the atypical bacteria Mycoplasma pneumoniae and
Chlamydia pneumoniae, which are identified in around
5% of asthma exacerbations. There is even a possibility
that some asthmatic patients have a chronic, low-grade
bronchial epithelial infection with these organisms (16)
that flares with viral respiratory infection. This un-
proven hypothesis may account for the frequency with
which macrolide antibiotics, especially azithromycin,
are prescribed for asthma exacerbations.

7. If the response to treatment is favorable (no shortness of
breath or wheezing, PEF or FEV1 greater than 70% of
predicted or “personal best” value), the patient can be
discharged from the emergency department or short-
stay unit with instructions to take a continued, tapering
burst of oral corticosteroids and an inhaled �2-agonist
as needed. Inhaled corticosteroid therapy should be ini-
tiated or continued, and arrangements should be made
for appropriate follow-up.

8. If the response is incomplete or poor (persistence of
symptoms, PEF less than 70% of baseline), an inhaled,
short-acting �2-agonist should be given hourly and sys-
temic corticosteroids begun. Treatment and monitor-
ing can be continued for 1–3 hours provided improve-
ment is noted. If the response is still incomplete (the
patient remains symptomatic, PEF �70% of baseline),
consider hospitalization for more intensive therapy
and monitoring.

In summary, in the emergency department or hospital, the
primary therapies—oxygen, inhaled �2-agonist, and sys-
temic corticosteroids—are constant, but the dose and fre-
quency of administration and the frequency of assessing
the patient’s response may vary.

Indications for Hospitalization

The decision to hospitalize a patient is based on several
considerations: duration and severity of symptoms, sever-
ity of airflow obstruction (measurements of FEV1 or PEF),
course and severity of prior exacerbations, medication use
at the time of the exacerbation, access to medical care
and medications, adequacy of support and home condi-
tions, and presence of comorbidities, especially psychiatric
illness.

In general, patients with an incomplete response to ther-
apy in the emergency department (FEV1 or PEF �50% but
�70% of predicted value or “personal best”) and persistence
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of mild to moderate symptoms require an individualized de-
cision regarding hospitalization. Patients with an FEV1 be-
low 50% after 2 or 3 hours of initial treatment will generally
require hospitalization; those who still appear fatigued or
severely distressed or who still have severe airflow obstruc-
tion (FEV1 or PEF �30% of predicted value) should be ad-
mitted to an ICU.

Identifying Patients at High Risk

Patients at high risk for asthma-related death require spe-
cial monitoring and intensive education and care. The
elements to consider in defining asthma severity and iden-
tifying those at risk for death are shown in Table 56.2.

It is not yet entirely resolved whether excessive use of
an inhaled �-agonist is simply a marker of life-threatening
asthma or in itself leads to an increased risk for death, but it
is clear that the use of more than two canisters of an inhaled
�-agonist per month is associated with a significant increase
in the risk for death or near-death from asthma (17).

Indications for Intensive Care Unit Admission

A small subset of patients will require admission to an ICU
for monitoring or for intubation and mechanical ventila-
tion. These are patients with asthma that is unresponsive to

the usual methods of treatment (status asthmaticus) or who
manifest severe airway obstruction and impending respira-
tory arrest. Clinical features include an altered level of con-
sciousness, obvious physical exhaustion, cyanosis or severe
hypoxia (PaO2 �60 mm Hg), pulsus paradoxus of more
than 15 mm Hg, diminished breath sounds on ausculta-
tion (“silent chest”), tachycardia (�130 beats/min), and
low arterial pH with a high PaCO2. An FEV1 value below
0.6 L or a PEF rate below 60 L/min that is unresponsive to
bronchodilator therapy also heralds impending respiratory
failure.

Such patients require the aggressive treatment and close
monitoring that are possible only in an ICU setting. Arte-
rial blood gases should be reassessed periodically until im-
provement occurs. Because of the dangers of intubation in
severe asthma, additional treatments are sometimes at-
tempted. One study found that the addition of intravenous
montelukast improved FEV1 and lessened the need for �
agonist treatments but did not reduce the need for hospi-
talization (18). Slow (over 20–30 minutes) intravenous ad-
ministration of magnesium sulfate (1–2 grams in adults)
has not been proven effective but is safe, and it may be ben-
eficial for some patients with severe acute asthma unre-
sponsive to bronchodilators, oxygen, and corticosteroids
(19). The same may be said of substitution of a mixture of
helium and oxygen (“heliox”) for oxygen-enriched air. Re-
sistance to flow is a function of gas density, and use of a
70% helium, 30% oxygen mixture does lead to transient
improvements in airflow and in clinical status, but the ben-
efits wane after about an hour, so the treatment can be re-
garded only as temporizing, given in the hopes that other
therapy becomes effective before intubation is necessary
(20). A more promising approach to forestalling the need
for intubation may be to apply noninvasive mechanical
ventilation (21).

The addition of these unproven therapies may prevent
the need for some intubations, but intubation should not be
delayed once it is deemed clinically necessary. The intubation
and ventilation of asthmatic patients is fraught with hazard
and should be performed in a controlled setting by a physi-
cian with extensive experience in intubation and airway
management (Chapters 23 and 24). Because respiratory
failure can develop rapidly once a patient becomes fa-
tigued, it may be necessary to intubate the patient in the
emergency department or inpatient ward and subsequently
transfer the patient to an ICU.

Once intubation has been performed, mechanical venti-
lation is complicated by a dramatic shift in intrathoracic
pressures, with wide swings from inspiration to expiration
in response to a continuously positive pressure. Venous
return falls sharply, and the consequent fall in arterial pres-
sure requires aggressive IV administration of crystalloid.
The general strategy in mechanically ventilating a patient
with respiratory failure from asthma is to avoid dynamic
hyperinflation and high airway pressures and the associ-
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TABLE 56.2
RISK FACTORS FOR DEATH FROM ASTHMA

Past history of sudden severe exacerbations
Prior intubation for asthma
Prior admission for asthma to an ICU
Two or more hospitalizations for asthma in the past year
Three or more emergency care visits for asthma in the past year
Use of �2 canisters per month of inhaled short-acting �2 agonist
Current use of systemic corticosteroids or recent withdrawal from

systemic corticosteroids
Difficulty perceiving airflow obstruction or its severity
Comorbidity, such as cardiovascular diseases or chronic obstructive

pulmonary disease
Serious psychiatric disease or psychosocial problems
Low socioeconomic status and urban residence
Illicit drug use
Sensitivity to Alternaria

From Kallenbach JM, Frankel AH, Lapinsky SE, et al. Determinants of
near fatality in acute severe asthma. Am J Med 1993;95:265–272;
Rodrigo C, Rodrigo G. Assessment of the patient with acute asthma in
the emergency department: a factor analytic study. Chest 1993;104:
1325–1328; Suissa S, Ernst P, Boivin JF, et al. A cohort analysis of
excess mortality in asthma and the use of inhaled �-agonists. Am J
Respir Crit Care Med 1994;149:604–610; Greenberger PA, Miller TP,
Lifschultz B. Circumstances surrounding deaths from asthma in Cook
County (Chicago), Illinois. Allergy Proc 1993;14:321–326; O’Hollaren
MT, Yunginger JW, Offord KP, et al. Exposure to an aeroallergen as a
possible precipitating factor in respiratory arrest in young patients with
asthma. N Engl J Med 1991;324:359–363, with permission.
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ated risks of barotrauma (22) (Chapter 23). Expiratory
time is thus made as long as possible to allow complete
exhalation, and if the ventilation necessary to maintain a
normal PCO2 cannot be achieved without excessive airway
pressure, “permissive hypercapnia” is accepted. Adequate
tissue oxygenation is ensured by administration of high in-
spired oxygen tensions. Hypercapnia is intensely uncom-
fortable to the patient, so profound sedation and paralysis
are necessary for this strategy.

ISSUES DURING THE COURSE
OF HOSPITALIZATION

Treatment with inhaled �-agonists and oral or intravenous
prednisone or methylprednisolone is almost invariably ef-
fective, but not always promptly. The rate of response
roughly parallels the rate of deterioration, and the most
rapid improvements occur in patients with sudden, severe
attacks (e.g., after ingestion of sulfites or nonsteroidal anti-
inflammatory medication, or after a food-provoking ana-
phylaxis). Slower responses to treatment are typically seen
in attacks provoked by viral respiratory infections, espe-
cially if the attack has developed during several days and is
associated with mucous hypersecretion. Clear improve-
ment is sometimes not apparent until the third or fourth
hospital day. In such cases, it is important to continue to
monitor the patient closely because improvement is not al-
ways smoothly progressive, and asthma sometimes worsens after
initial improvement. Nocturnal deterioration seems particu-
larly common, and most respiratory arrests in hospitalized
patients occur in the early hours of the morning. Monitor-
ing FEV1 or peak flow each morning and evening can pro-
vide useful information; wide diurnal swings suggest
extreme bronchial lability and a heightened risk for respi-
ratory arrest. Impatience with the slowness of response
sometimes provokes the use of injudicious or unproven
therapies, such as chest physical therapy or aerosolized
mucolytic agents. Both can cause distress or fatigue, and an
aerosolized mucolytic agent (e.g., acetylcysteine) can irri-
tate the airway, thereby worsening cough and airflow
obstruction.

DISCHARGE ISSUES

The criteria for discharge from the hospital resemble those
for discharge from the emergency department. Discharge is
appropriate when symptoms and physical findings are
minimal and the PEF or FEV1 remains above 70% of the
predicted or “personal best” value for 3 or 4 hours after ad-
ministration of a standard dose of an inhaled �-agonist
from an MDI.

The requirement for hospitalization is a signal event,
indicating an increased risk for asthma mortality during the

subsequent year and probably also an inadequate under-
standing of triggers to be avoided or the actions that should
be taken to abort attacks once they start. Before patients are
discharged from the emergency department or hospital,
they should be educated (or re-educated) regarding the
need for maintenance “long-term controller” therapy (e.g.,
with an inhaled corticosteroid), avoidance of triggers
(e.g., removing allergens and irritants from the home en-
vironment), and development of self-assessment skills
(e.g., monitoring symptoms and peak flow). A peak flow
meter should be given to the patient, along with instruc-
tions on how to measure and record peak flow values in a
diary (see Table 56.3).

Before discharge, the provider and patient should review
the nature and purposes of prescribed medications, with an
emphasis on the importance of correct inhaler technique.
Patients given systemic corticosteroids should continue
them for 7–10 days. Inhaled corticosteroids, or the
combination of an inhaled corticosteroid and a long-acting
�-agonist should also be started before discharge. A follow-
up appointment should be scheduled at about the time the
course of oral corticosteroid therapy is to be completed.

Finally, the patient should be given at least a simple
plan for actions to be taken if symptoms, signs, and PEF
values suggest recurrent airflow obstruction (see Figure
56.2). The plan can be based on symptoms or peak flow,
but it should follow the principle that therapy must be in-
tensified (e.g., by increasing the dose of inhaled corticos-
teroid fourfold) as soon as asthma begins to worsen, with
even more aggressive treatment undertaken (e.g., initiat-
ing a short course of prednisone) if the attack progresses.
Action plans should be coupled with instructions for early
contact with a provider to prevent recurrences of severe or
life-threatening episodes.

COST CONSIDERATIONS AND
RESOURCE USE

The high cost of asthma is largely attributable to the costs
of hospitalization, emergency department visits, and un-
scheduled office visits. The risks for these events increase
with increasing severity of disease and can be reduced by
the regular use of “long-term controller” therapies, such as
an inhaled corticosteroid and a long-acting inhaled �-
agonist. The logical approach to reducing costs is thus im-
proving the care of those patients most likely to require
emergency care or hospitalization—patients with moderate
or severe persistent asthma. One marker of severity is the
need for hospitalization, and attention to the exacerbation
itself should not distract providers from the opportunity
hospitalization presents for intense patient education
about the principles of self-assessment and care.

The measure that most powerfully reduces the costs of
treatment of individual attacks is reducing the duration of
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hospitalization. Prompt initiation of patient education in
self-monitoring and treatment appears to increase the com-
fort of the inpatient medical and nursing staff with the idea
of allowing the patient to go home so that a hospital stay
is shortened by about a day. Additional savings can be
achieved by avoiding unnecessary laboratory tests (espe-
cially arterial blood gas determinations, chest radiographs,
and blood and sputum cultures) and avoiding inappropri-
ate administration of antibiotics. Even severe airflow ob-
struction responds well to �-agonist administration by MDI
with a spacer device. The costs for the personnel, equip-
ment, and medication needed to deliver nebulized therapy
are much greater, so savings can be achieved by reserving
nebulized therapy for patients with severe attacks and
switching to treatment by MDI as soon as possible. Institu-
tion of all these measures is enhanced by institution of a
“clinical pathway” for inpatient asthma (23).

KEY POINTS

■ Management of patients with asthma, particularly those
with acute exacerbations, should begin with a risk
assessment that considers the clinical presentation, the

history, and objective measures of the severity of the
attack.

■ Respiratory drive is invariably increased in acute attacks
of asthma, so detection of an elevated or even normal
carbon dioxide tension (PCO2) on arterial blood gas
measurement indicates an attack of life-threatening
severity.

■ Hospital management of acute attack consists princi-
pally of oxygen supplementation, the frequent use of
bronchodilators (especially inhaled �-adrenergic ago-
nists), and systemic administration of corticosteroids.

■ The place of antibiotics in the treatment of exacerba-
tions of asthma is not established. Because viral respi-
ratory infections are the most common precipitant of
exacerbations, antibiotics should not be given rou-
tinely. There is some theoretical basis for the use of a
macrolide antibiotic, but its clinical value has not been
established.

■ Hospitalization for asthma is a predictor of increased
risk for readmission for subsequent attacks and for death
from asthma. Full advantage must be taken of the
opportunity presented by hospitalization to evaluate
and improve the patient’s knowledge of the disease and
skills for self-monitoring and treatment.
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TABLE 56.3
HOSPITAL DISCHARGE CHECKLIST FOR PATIENTS WITH 
ASTHMA EXACERBATIONS

Education/advice (with
Intervention Dose/timing M.D./R.N. initials)

Inhaled medications Select agent, dose, and Teach purpose
(MDI � spacer/ frequency (e.g., albuterol) Teach technique
holding chamber)
�2-agonist 2–6 puffs q3–4h p.r.n. Emphasize need for spacer/

holding chamber
Corticosteroids Medium dose Check patient technique

Oral medications Select agent, dose, and Teach purpose
frequency (e.g., prednisone Teach side effects
20 mg b.i.d. for 3–10 days)

Peak flow meter Measure a.m. and p.m. PEF and Teach purpose
record best of three tries each Teach technique
time Distribute peak flow diary

Follow-up visit Make appointment for follow-up Advise patient (or caregiver)
care with primary clinician or of date, time, and location
asthma specialist of appointment (should be

within 7 days of hospital
discharge)

Action plan Before or at discharge Instruct patient (or caregiver) on
simple plan for actions to be
taken when symptoms, signs,
and PEF values suggest
recurrent airflow obstruction

MDI, metered dose inhaler; PEF, peak expiratory flow.
From: National Asthma Education and Prevention Program, Expert Panel Report 2. Guidelines for the
diagnosis and management of asthma. NIH publication No. 97-4051, April 1997.

26410 ch 056  3/11/05  4:21 PM  Page 546



Chapter 56: Exacerbations of Asthma 547

Date_____________________________

When to Monitor Peak Flow Numbers
■■ In the morning soon after waking up
■■ Before supper
■■ Before bed
■■ Before and 5-15 minutes after inhaled treatments
■■ With increased respiratory symptoms
■■ _________________________________________________

If your peak flow number drops below ___________ or you notice:
• Increased use of inhaled treatments to manage asthma
• Increased asthma symptoms upon awakening
• Awakening at night with asthma symptoms

Follow these treatment steps:
■■ Increase inhaled steroids.

Take _____ puffs of _______________________________   _____ times a day.

■■ Begin/increase treatment with oral steroids.
Take _____ mg of ___________________________________________________
in the ■■  morning and/or   ■■  before supper.

■■ Other____________________________________________________________________________________________

If your peak flow number drops below ___________ or you continue to get worse after increasing treat-
ment according to the directions above, follow these treatment steps:
■■ Begin/increase treatment with oral steroids.

Take _____ mg of  ___________________________________________________
in the ■■  morning and/or   ■■  before supper.

■■ Contact your health care provider.
■■ Other____________________________________________________________________________________________

Contact your health care provider if:
■■ Asthma symptoms worsen while you are taking oral steroids, or
■■ Inhaled bronchodilator treatments are not lasting 4 hours, or
■■ Your peak flow number falls below _________.
■■ If you cannot contact your health care provider go directly to the Emergency Room.

Directions for Resuming Normal Treatment:
■■ Continue increased treatment until symptoms and peak flow number have returned to normal; then continue increased

inhaled steroids or _____ mg of oral steroids for the same number of days it took to return to normal. If your peak flow
number has not returned to normal in 5 days, contact your health care provider.

■■ Call your health care provider for specific instructions.

If you have questions please call:

____________________________________________  After hours_____________________________________________
Name Phone Name  Phone

Physician Signature ___________________________________Date____________________________________

Patient/Family Signature _______________________________  Staff Signature___________________________________

Important Peak Flow Numbers
Baseline ____________________

________ % baseline =_________

________ % baseline =_________

Figure 56.2 Adult self-management instructions for asthma action plan.
Adapted from the NIH guidelines for the diagnosis and management of asthma. Expert panel report
2. United States Department of Health and Human Services publication No. 97-4051.
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Interstitial Lung 

Disease
Talmadge E. King, Jr.

INTRODUCTION

The interstitial lung diseases (ILDs) are a heterogeneous
group of parenchymal lung disorders that are classified
together because of similar clinical, roentgenographic,
physiologic, or pathologic manifestations. Environmental
or occupational exposures, especially to inorganic or or-
ganic dusts, are the most common known causes of ILD.
Sarcoidosis, idiopathic pulmonary fibrosis (IPF), and pul-
monary fibrosis associated with connective tissue diseases
(CTD) are the most common ILDs of unknown etiology.

The incidence and prevalence of ILDs are unknown.
Studies suggest a prevalence of 80.9 per 100,000 for men
and 67.2 per 100,000 for women, with both incidence and
prevalence rising with age. In 1988, an estimated 30,000
hospitalizations (compared with 665,000 hospitalizations
for chronic obstructive pulmonary disease and asthma)
and 4,851 deaths in the United States were attributed to
pulmonary fibrosis. The death rate for pulmonary fibrosis
appears to have increased during the past 20 years, but vi-
tal statistics are sparse and unreliable.

Table 57.1 outlines the major causes of ILD. In the vast
majority of ILDs, the symptoms and signs unfold over
months or years (e.g., IPF, sarcoidosis, and pulmonary
histiocytosis X). In other ILDs, the onset may be acute (days
to weeks) or subacute (weeks to months). These latter
processes may be confused with community-acquired
pneumonias because they often present with diffuse radio-
graphic opacities, fever, or recurrent episodes of disease ac-
tivity. Examples of acute or subacute processes include
acute idiopathic interstitial pneumonia (AIP), diffuse
alveolar hemorrhage syndromes (DAH), bronchiolitis
obliterans with organizing pneumonia (BOOP), some
drug-induced ILDs, eosinophilic pneumonias, hypersensi-

tivity pneumonitis (HSP), and the acute immunologic
pneumonia that complicates CTDs (especially systemic lu-
pus erythematosus or polymyositis). Because these acute
and subacute groups most frequently lead to hospitaliza-
tion, this chapter focuses on these processes.

ISSUES AT THE TIME OF ADMISSION

Clinical Presentation

Patients with ILD most commonly come to clinical atten-
tion because of the insidious onset of progressive breath-
lessness on exertion (dyspnea), a persistent nonproductive
cough, or an incidental finding associated with another dis-
ease, such as a CTD. Acute presentations are usually associ-
ated with the development of spontaneous pneumothorax,
hemoptysis, wheezing, or chest pain.

Differential Diagnosis

Acute Interstitial Pneumonia 
(Hamman-Rich Syndrome)

Acute interstitial pneumonia is a rare fulminant form of
lung injury that presents acutely (days), usually in a previ-
ously healthy person over the age of 40 (1). Fever, cough,
and dyspnea are the most common clinical signs and
symptoms. There is no sexual predilection. Results of rou-
tine laboratory studies are nonspecific and generally not
helpful. Diffuse, bilateral opacification is seen on chest ra-
diographs. Computed tomography (CT) shows bilateral,
patchy, symmetric areas of “ground glass” attenuation.
Most patients have moderate to severe hypoxemia, and in
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TABLE 57.1
CLINICAL CLASSIFICATION OF INTERSTITIAL LUNG DISEASE

Environmental and occupational exposures

I. Inorganic dust
A. Silica
B. Silicates (i.e., asbestos, talc, and kaolin or “china clay”)
C. Hard-metal dusts (i.e., cadmium and titanium oxide)
D. Beryllium

II. Organic dusts (hypersensitivity pneumonitis or extrinsic allergic alveolitis)
A. Thermophilic bacteria (i.e., Micropolyspora faeni, Thermoactinomyces vulgaris, and T. sacchari )

1. Farmer’s lung
2. Grain handler’s lung
3. Humidifier or air conditioner lung

B. Other bacteria (i.e., Bacillus subtilis and B. cereus)
1. Humidifier lung

C. True fungi (i.e., Aspergillus, Cryptostroma corticale, Aureobasidium pullulans, and penicillin
species)

III. Animal proteins (e.g., bird fancier’s disease)
IV. Bacterial products (byssinosis)
V. Chemical sources, gases, fumes, vapors, aerosols, paraquat, and radiation

Drug-induced lung disease (partial list)

I. Acute onset
A. Diffuse alveolar damage (DAD): “crack” cocaine, amiodarone, nitrofurantoin, and any cytotoxic

agent (e.g., bleomycin, carmustine, busulfan, mitomycin, procarbazine, methotrexate, gefitinib,
and trastuzumab)

B. Noncardiogenic pulmonary edema (probably DAD): cytosine arabinoside, aspirin and related
compound, and opiates

C. Diffuse alveolar hemorrhage (DAH): “crack” cocaine, penicillamine, phenytoin, anticoagulants,
thrombolytic agents, and cytotoxic drugs that cause diffuse alveolar damage

II. Acute or subacute onset
A. Eosinophilic pneumonia: nonsteroidal anti-inflammatory agents and antibiotics (ampicillin,

minocycline, sulfonamides, nitrofurantoin, and sulfasalazine)
B. Bronchiolitis obliterans organizing pneumonia (BOOP): amiodarone, methotrexate, and

bleomycin
C. Desquamative interstitial pneumonia (DIP): nitrofurantoin and sulfasalazine

Fibrotic disorders of unknown etiology

I. Acute interstitial pneumonia (AIP)
II. Idiopathic pulmonary fibrosis (IPF)
III. Lymphocytic interstitial pneumonia (LIP)
IV. Idiopathic bronchiolitis obliterans organizing pneumonia (cryptogenic organizing pneumonia)
V. Respiratory bronchiolitis-associated interstitial lung disease (RB-ILD)/DIP

Connective tissue disease-associated interstitial lung disease

Primary or unclassified

I. Sarcoidosis
II. Pulmonary Langerhans’ Cell Histiocytosis
III. Lymphangioleiomyomatosis
IV. Lymphangitic carcinomatosis
V. Vasculitides (Wegener’s granulomatosis, Churg-Strauss syndrome)
VI. Chronic gastric aspiration
VII. Alveolar proteinosis
VIII. Eosinophilic pneumonia (acute and chronic)
IX. Chronic pulmonary edema
X. Diffuse alveolar hemorrhage (vasculitides, collagen vascular diseases, other autoimmune dis-

eases, and drugs)
XI. Chronic uremia
XII. Hemorrhagic syndromes (Goodpasture syndrome and idiopathic pulmonary hemosiderosis)
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many patients, respiratory failure requiring mechanical
ventilation develops.

The diagnosis of AIP requires the demonstration of or-
ganizing diffuse alveolar damage (DAD) on lung tissue ex-
amination. Consequently, a lung biopsy (now generally
performed thoracoscopically) is required to confirm the di-
agnosis. DAD is a nonspecific reaction to lung injury and is
therefore the underlying lesion seen in many insults, in-
cluding in the acute respiratory distress syndrome and
cytotoxic drug injury. The characteristic histology of DAD
includes the presence of interstitial and intra-alveolar
edema, capillary congestion and microthrombi, and intra-
alveolar hyaline membranes.

The mortality associated with AIP is high (�60%), with
the majority of patients dying within 6 months of presen-
tation. However, those who recover usually do not have a
recurrence of the disease, and many have a substantial or
complete recovery of lung function. The main treatment is
supportive care; corticosteroids have not been demon-
strated to be beneficial.

Diffuse Alveolar Hemorrhage

Diffuse alveolar hemorrhage (DAH) is a syndrome of dif-
fuse intra-alveolar bleeding originating from the alveolar
capillaries and occasionally the precapillary arterioles and
postcapillary venules (2). The most frequent underlying as-
sociated histology is pulmonary capillaritis, which is an infil-
tration of neutrophils into the interstitium of the lung. Pul-
monary capillaritis has been reported with variable
frequency and severity among the vasculitides (Chapter
111). A bland form of pulmonary hemorrhage without cap-
illaritis can be found as a complication of anticoagulation
or thrombolytic therapies, various coagulopathies, and mi-
tral stenosis.

Patients with DAH have several days of cough, dyspnea,
and (most importantly) hemoptysis. Patients presenting to
the hospital with DAH may be having a first episode, a re-
current episode, or the initial manifestation of an underly-
ing disease. DAH should be suspected if there is an acute
pneumonic presentation, a chest radiograph demonstrat-
ing diffuse alveolar opacities, or an unexplained anemia. It
is important to note that one can have significant alveolar
bleeding without hemoptysis. The demonstration of se-
quential hemorrhagic bronchoalveolar lavage specimens
can verify the presence of DAH if hemoptysis is absent. Al-
though the diagnosis of pulmonary capillaritis can be
made by fiberoptic bronchoscopy with transbronchial
biopsy, thoracoscopic biopsy is often required to be certain
of the diagnosis. In addition, certain ancillary laboratory
tests, such as antineutrophil cytoplasmic antibodies, anti-
nuclear antibodies, and antiglomerular basement mem-
brane antibodies, may help diagnose an underlying disease
(Chapters 111 and 112). Therapy depends on the underly-
ing process that gave rise to the pulmonary capillaritis and
usually includes corticosteroids and cyclophosphamide or

azathioprine. Thus, it is crucial that infection be excluded
as a cause of the acute illness. In more than 50% of DAH
cases, regardless of cause, mechanical ventilation is re-
quired. Furthermore, many of the causes of DAH are asso-
ciated with recurrent episodes.

Cryptogenic Organizing Pneumonia

Cryptogenic organizing pneumonia (COP), or idiopathic bron-
chiolitis obliterans with organizing pneumonia (idiopathic
BOOP), is a clinicopathologic syndrome of unknown etiol-
ogy that is often confused with community-acquired pneu-
monia. The disease usually presents in the fifth and sixth
decade and affects men and women equally. Almost three-
fourths of the patients have their symptoms for less than 2
months, and few have symptoms for more than 6 months
before diagnosis. A flulike illness, characterized by cough,
fever, malaise, fatigue, and weight loss, heralds the onset of
COP in two-fifths of the patients. Inspiratory crackles are
found on chest examination. Results of routine laboratory
studies are nonspecific. Pulmonary function is usually im-
paired; a restrictive defect is the most common finding. Rest-
ing or exercise arterial hypoxemia is also common. The
roentgenographic manifestations are quite distinctive and
include bilateral, diffuse alveolar opacities (often recurrent
and migratory) in the presence of normal lung volumes.
Chest CT may reveal much more extensive disease than is ex-
pected from the plain radiographic findings. Corticosteroid
therapy is the most commonly used treatment and results in
clinical recovery in two-thirds of these patients.

Lung biopsy (usually via thoracoscopy) is required to
confirm the diagnosis. The histopathologic process is char-
acterized by an excessive proliferation of granulation tissue
within small airways (proliferative bronchiolitis) and alveolar
ducts associated with chronic inflammation in the sur-
rounding alveoli. This organizing pneumonia (“BOOP pat-
tern”) is a nonspecific reaction to lung injury that can occur
as a secondary finding adjacent to many pathologic pro-
cesses (e.g., malignancy) or as a component of other pri-
mary pulmonary disorders (e.g., cryptococcosis, Wegener’s
granulomatosis, lymphoma, HSP, and eosinophilic pneu-
monia) (3). In cases of COP, however, the “BOOP pattern”
is the only lesion found.

Drug-Induced Interstitial Lung Disease

Many drugs are capable of causing interstitial lung reac-
tions, usually during the therapeutic period or immediately
thereafter (4). Pulmonary reactions can occur acutely after
a single dose of a drug such as nitrofurantoin or after in-
halation of “crack” cocaine. Factors that increase the likeli-
hood of a drug-induced ILD include older age of the pa-
tient, higher initial dosing, higher cumulative dose, and the
use of several cytotoxic drugs in combination. Patients who
receive cytotoxic chemotherapy for underlying malignancy
with either bleomycin, busulfan, or carmustine are also at
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risk for the development of DAD after radiation therapy or
treatment with high concentrations of oxygen. Patients
being treated with amiodarone who undergo a surgical
procedure in which high concentrations of oxygen are ad-
ministered may also develop DAD. The diagnosis of drug
toxicity is confirmed when withdrawal of the drug is fol-
lowed by improvement and eventual resolution of the ILD.
Further proof of a drug-related ILD is the return of the
pneumonitis with reinstatement of the drug (not a recom-
mended strategy).

Connective Tissue Diseases

Because of the systemic nature of CTDs, all components of
the respiratory system can be involved. Although the pul-
monary complication may occur simultaneously with the
onset of the systemic disorder, it is more common for the
pulmonary disorder to complicate a previously established
CTD. An acute presentation, often mimicking that of com-
munity-acquired pneumonia, is most likely to occur in sys-
temic lupus erythematosus but has also been noted in
other CTDs (polymyositis–dermatomyositis, scleroderma,
and mixed CTD). The possible underlying histologies for
this acute pneumonitis include BOOP (usually seen with
rheumatoid arthritis or polymyositis–dermatomyositis)
(Figure 57.1), DAD, DAH (usually in patients with
systemic lupus erythematosus and nephritis), nonspecific
interstitial pneumonia, and lymphocytic interstitial pneu-
monia (often in patients with Sjögren syndrome, either
primary or associated with rheumatoid arthritis). Pul-

monary hypertension (Chapter 59) and vasculitis (Chapter
111) can complicate the clinical course of patients with
CTD. Although pulmonary complications of CTDs are not
uncommon, the clinician must carefully consider infection
or side effects of drug treatment as the cause of acute wors-
ening in any patient with a CTD.

Idiopathic Pulmonary Fibrosis

The clinical manifestations of IPF are dyspnea on exertion,
nonproductive cough, and “Velcro-type” inspiratory crack-
les on chest examination. In advanced disease, signs of cor
pulmonale, digital clubbing, and cyanosis may be noted on
physical examination. The chest roentgenogram and high-
resolution CT typically reveal reduced lung volumes with
patchy reticular opacities in the lower lung zones in a pre-
dominantly peripheral distribution. Honeycombing (small
cystic lesions), traction bronchiectasis, subpleural fibrosis,
and signs of pulmonary hypertension also may be present,
depending on the stage of the disease. Pulmonary function
studies often reveal restrictive impairment, reduced diffus-
ing capacity for carbon monoxide, and hypoxemia.

Clinical deterioration in patients with IPF is expected.
Most patients experience progressive breathlessness and
decreased exercise tolerance during months to years. End-
stage IPF frequently leads to incapacitating respiratory in-
sufficiency, with patients unable to carry out activities of
daily living without extreme distress. The goals of hospital-
ization are usually to search for a treatable cause of wors-
ening symptoms or to provide comfort (oxygen, sedation)
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A B

Figure 57.1 Dermatomyositis. A. This 51-year-old woman with long-standing dermatomyositis
presented with cough, fever, and dyspnea of 2 weeks duration. The chest roentgenogram shows dif-
fuse bilateral alveolar opacities, most prominent at the left lung base. B. High-resolution, thin-section
computed tomogram shows predominantly patchy, “ground glass” opacities and consolidation, es-
pecially in the lower lobes. Thoracoscopic lung biopsy showed the pattern of bronchiolitis obliterans
with organizing pneumonia (BOOP).
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to the patient at the end of life (Chapter 19). Weaning pa-
tients with IPF from mechanical ventilation is extremely
difficult; therefore, a decision to start mechanical ventila-
tion should be made with extreme caution. Death usually
ensues as a result of intractable hypoxemia and respiratory
failure.

Some patients have acute or rapidly progressive disease
(“acute exacerbation” or “accelerated stage” of IPF). This
presentation is generally characterized by severe worsening
dyspnea or cough and systemic symptoms, such as fever, fa-
tigue, and weight loss. Usually, the illness duration prior to
presentation is 2–4 weeks (5). The episodes often represent
the superimposition of another process, such as DAD,
DAH, or BOOP. In the evaluation of subacute or acute clin-
ical deterioration in patients with IPF, disease progression
may be difficult to distinguish from disease-associated
complications and adverse effects of therapy (6). The inci-
dence of pulmonary infections is slightly increased in IPF
and is a major factor in the death of 2%–4% of patients.
Therapeutic interventions, especially corticosteroids and
cytotoxic agents, may further increase the risk for infection
and reactivation of latent infections by suppression of cell-
mediated immunity. Heart failure and ischemic heart dis-
ease are common problems in patients with IPF, account-
ing for nearly one-third of deaths. Right ventricular failure
may develop as a result of pulmonary hypertension (pre-
sent in approximately 70% of patients) (5). Pneumothorax
is uncommon and may be extremely difficult to treat be-
cause the lung is stiff and difficult to re-expand. Prolonged
chest tube drainage, with high levels of negative pressure
(20–40 mm Hg), may be necessary. Some patients may re-
quire thoracotomy, bleb resection, and pleurectomy to
close the air leak. Acute pulmonary embolism may cause a
sudden worsening of dyspnea, with unexplained deteriora-
tion in arterial blood gas levels. Pulmonary embolism
causes 3%–7% of deaths in IPF.

Interstitial Lung Disease Associated with
Respiratory Bronchiolitis

Interstitial lung disease associated with respiratory
bronchiolitis is a distinct and unusual clinical syndrome
found in current or former cigarette smokers in their fourth
or fifth decades of life. ILD associated with respiratory
bronchiolitis and desquamative interstitial pneumonia are
now thought to be different stages of the same process.
Most patients present with a subacute (weeks to months)
illness characterized by dyspnea and cough. Diffuse, fine,
reticular or nodular interstitial opacities are found on chest
radiographs; lung volumes are usually normal. Other fea-
tures include bronchial wall thickening, prominence of
peribronchovascular interstitium, small regular and irregu-
lar opacities, and small peripheral ring shadows. High-
resolution CT shows similar features with hazy opacities. A
mixed obstructive–restrictive pattern is common on lung
function testing. Arterial blood gas levels show mild hy-

poxemia. The clinical recognition of ILD associated with
respiratory bronchiolitis and of desquamative interstitial
pneumonia is important because the process is associated
with a good prognosis. Smoking cessation is the main
treatment. Hospitalization is generally unnecessary (when
it occurs, it is usually to facilitate initial evaluation and
lung biopsy). The estimated mortality rate is 5% within 5
years, and overall survival is about 70% after 10 years.

Pulmonary Langerhans’ Cell Histiocytosis

Pulmonary Langerhans’ Cell Histiocytosis (previously called
Pulmonary Histiocytosis X) is a rare, smoking-related dif-
fuse lung disease that primarily afflicts young adults (usually
men) between the ages of 20 and 40. The clinical presenta-
tion is variable, ranging from an asymptomatic state to a
rapidly progressive condition. The most common clinical
findings at presentation are cough, dyspnea, chest pain,
weight loss, and fever. Pneumothorax occurs in about 25%
of patients and is the most common reason for hospitaliza-
tion. It is occasionally the first manifestation of the illness.
Hemoptysis and diabetes insipidus are other, rare manifes-
tations. The physical examination findings are usually nor-
mal. The radiographic changes include a combination of ill-
defined or stellate nodules (2 mm–10 mm in size), reticular
or nodular opacities, upper zone cysts or honeycombing,
preservation of lung volume, and costophrenic angle spar-
ing. The most frequent pulmonary function abnormality is
a markedly reduced diffusing capacity for carbon monoxide,
although varying degrees of restrictive disease, airflow limi-
tation, and diminished exercise capacity have been de-
scribed. Discontinuance of smoking is the key treatment; it
results in clinical improvement in one-third of patients.
Most patients with Pulmonary Langerhans’ Cell Histio-
cytosis suffer persistent or progressive disease, and about
10% die of respiratory failure.

Sarcoidosis

Sarcoidosis is a systemic disorder of unknown origin char-
acterized by granulomatous inflammation in a variety of
organs, most commonly the lung. This disease is usually
seen in younger persons between the ages of 20 and 40. The
clinical presentation is quite variable; some patients are
asymptomatic, some have generalized constitutional
symptoms, and others have symptoms associated with spe-
cific organ involvement. Dyspnea, cough, and chest pain
are common thoracic manifestations. The lungs often seem
normal on auscultation even when parenchymal abnor-
malities are present on the chest roentgenogram. Hypercal-
cemia, hypergammaglobulinemia, and abnormal serum
liver chemistries are frequently found. Symmetric, bilateral
hilar adenopathy is the most common chest radiographic
finding, but parenchymal opacities occur in roughly half of
subjects (Figure 57.2). Pulmonary function testing may
show a normal, restrictive, or mixed obstructive–restrictive
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pattern. Hypoxemia or exercise-induced desaturation and a
reduced diffusing capacity for carbon monoxide may also
be seen. The diagnosis is occasionally made on clinical
grounds, but in most cases, examination of lung tissue ob-
tained by transbronchial biopsy is useful in confirming a
suspected diagnosis of sarcoidosis.

Life-threatening situations that require hospitalization
are very uncommon. These include progressive fibrosis
with development of respiratory failure; cardiac disease
(which often has a relatively rapid onset and high mortal-
ity because of ventricular arrhythmias, supraventricular
arrhythmias, or heart block); renal failure secondary to
granulomatous interstitial nephritis and hypercalcemia
with hypercalciuria; hepatic disease with development of
hepatic vein occlusion or bleeding esophageal varices;
and neurosarcoidosis (meningitis, space-occupying le-
sions, cranial nerve involvement, diabetes insipidus,
seizure disorders, peripheral neuropathies). Treatment
with corticosteroids is indicated for symptomatic patients
and those with involvement of vital organs, such as the
eyes, central nervous system, and heart. Although sar-
coidosis is generally very responsive to steroids, it is un-
clear whether the natural history of this disease is altered
by therapy.

Eosinophilic Pneumonia

Acute eosinophilic pneumonia presents as a community-
acquired pneumonia causing several days of dyspnea,
nonproductive cough, and low-grade fever (7). It tends to
appear in young persons. A recent history of the onset of
cigarette smoking is present in some patients. The chest

radiograph shows diffuse bilateral alveolar opacities. Most
cases are idiopathic, but drug toxicity (particularly to non-
steroidal anti-inflammatory agents and tetracycline and its
related compounds) can also be responsible. Peripheral
and bronchoalveolar lavage eosinophilia is often found.

Chronic eosinophilic pneumonia is a recurrent disease, ap-
pearing intermittently during several years and, in some
patients, leading to extensive lung fibrosis. Most patients
are between the fifth and eighth decades, and the onset is
subacute, with cough and dyspnea present for weeks to
months. More than half the patients with chronic
eosinophilic pneumonia have a prominent background of
asthma or allergies, and wheezing with evidence of airflow
obstruction on lung function studies may therefore be pre-
sent. Another important finding is an increased serum level
of immunoglobulin E, seen in approximately two-thirds of
the patients. The chest radiograph often shows alveolar
opacities that are peripherally distributed (“photographic
negative of pulmonary edema”) (Figure 57.3). With recur-
rent disease, pulmonary fibrosis can develop, most promi-
nently in the upper lung zones.

When patients are hospitalized with eosinophilic pneu-
monia, it is usually because of impending respiratory fail-
ure and the need to make a definite diagnosis. Intensive
care is rarely needed if the diagnosis is made promptly and
treatment initiated with corticosteroids. Both acute and
chronic cases of eosinophilic pneumonia have an excellent
response to corticosteroid treatment. Unfortunately, in
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Figure 57.2 Sarcoidosis. This 38-year-old man was hospitalized
because of worsening cough and breathlessness of 3–4 weeks du-
ration. Previous chest radiographic findings were normal. This film
shows bilateral hilar lymphadenopathy and diffuse nodular opaci-
ties (stage II sarcoidosis).

Figure 57.3 Idiopathic chronic eosinophilic pneumonia. This 35-
year-old woman was hospitalized because of a progressive non-
productive cough, fever, malaise, and a 10-pound weight loss of
4 weeks duration. She had noted progressive breathlessness and
night sweats during the week before admission. The chest
roentgenogram shows bilateral diffuse peripheral opacities. There
was a dramatic response to corticosteroid therapy, with complete
resolution of the chest radiographic abnormalities within 1 month
following discharge. She unfortunately has had multiple recur-
rences after withdrawal or lowering of her corticosteroids.
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chronic eosinophilic pneumonia relapse frequently results
when the steroids are tapered. Maintenance therapy with
low doses of prednisone (5 mg–20 mg) is often required to
prevent recurrence.

Inhalation Injury Secondary to Toxic Fumes,
Gases, Chemicals, Aerosols, or Mists

Exposure to noxious and toxic fumes and gases is a signifi-
cant industrial and environmental hazard (8). Oxides of ni-
trogen are the most common and best-described agents
that cause acute and chronic lung injury, particularly nitro-
gen dioxide (NO2). Silo filler’s disease is a well-studied ex-
ample, with an annual incidence of 5.0 cases per 100,000
silo-associated farm workers. Several outcomes are possible
after an exposure, based on the setting, degree, and type of
exposure: (a) Sudden death may occur in persons exposed
to high concentrations of these substances. Death is caused
by bronchiolar spasm, laryngospasm, reflex respiratory
arrest, or simple asphyxiation. (b) In persons with mild ex-
posures, symptoms may be limited to upper airway and vi-
sual disturbances. Some patients will experience cough,
dyspnea, fatigue, cyanosis, vomiting, hemoptysis, arterial
hypoxemia, vertigo, somnolence, headache, emotional
difficulties, and loss of consciousness. These symptoms
usually resolve in hours but may persist for several weeks
before complete recovery occurs. (c) Pulmonary edema is a
common complication at higher concentrations. Fre-
quently, these patients have deceptively mild symptoms
initially, but severe, acute DAD develops within several (3
to 30) hours. Most patients recover with no significant se-
quelae, but death may occur at this stage from progressive
respiratory insufficiency. (d) In patients who have recov-
ered or who suffered no acute illness after exposure, cough
and dyspnea may recur or develop 2–6 weeks later.

In patients with acute lung injury, rales are usually pre-
sent on auscultation of the lungs. The chest roentgenogram
often demonstrates pulmonary edema. In survivors, these
changes often clear rapidly. The roentgenographic pattern
in the late stage can be variable, either normal or hyperin-
flated. Arterial hypoxemia, which is common, is caused by
ventilation–perfusion mismatching resulting from altered
airway dynamics and interstitial and alveolar edema.
Methemoglobinemia may contribute to the arterial hypox-
emia. Severe metabolic acidosis occurs when nitrogen diox-
ide dissolves in body fluids to form nitrous and nitric acid
and tissue hypoxia leads to lactic acidosis. Decreased dif-
fusing capacity is also common. These abnormalities grad-
ually resolve in most patients.

Histopathologically, there may be severe pulmonary
edema and evidence of DAD. Autopsy studies reveal
marked intra-alveolar edema and exudation, in addition to
thickening of the alveolar walls with lymphocytic cellular
infiltrates. An organizing DAD with a component of prolif-
erative bronchiolitis obliterans is seen in some patients
who survive but have persistent lung injury. Widespread

constrictive bronchiolitis, obliterans or not, is found in
patients in whom progressive obstructive lung disease
develops.

Hospitalization for 24–48 hours is required after acute
exposure, and the patient should be followed weekly or bi-
weekly for 6–8 weeks. If arterial blood gas or pulmonary
function test values are abnormal, treatment with cortico-
steroids should be started immediately. Corticosteroid
therapy has been demonstrated to be useful in the man-
agement of both nitrogen dioxide-induced pulmonary
edema and bronchiolitis obliterans. Treatment should be
continued for a minimum of 8 weeks to avoid relapses.
Bronchodilators are occasionally helpful. Antibiotics
should be used only when clinically indicated and directed
at a specific pathogen. The prognosis for survivors is gener-
ally good, although about one-third of persons exposed to
nitrogen dioxide die acutely.

Hypersensitivity Pneumonitis

Hypersensitivity pneumonitis (HSP) denotes a group of
diseases produced by repeated inhalation of finely dis-
persed organic dusts or simple chemicals in susceptible per-
sons. Respiratory symptoms, fever, chills, and abnormal
chest roentgenographic findings are often temporally re-
lated to working (farmer’s lung) or engaging in a hobby (pi-
geon breeder’s disease). Granulomatous inflammatory re-
sponses in these people produce diffuse or patchy patterns
of interstitial and alveolar disease in the lungs. The list of
antigens and sources or reservoirs of antigens potentially
related to HSP continues to grow. Bacterial and fungal over-
growth in air conditioners, humidifiers, and evaporative
coolers, in addition to bird droppings and proteins, are im-
portant causes of disease in urban settings.

The disease may present acutely, presumably after heavy
or new antigen exposure, with the patient complaining of
fever, chills, dyspnea, and cough. Inspiratory rales and mild
hypoxemia are common. Chest radiographic findings
may be normal or show fleeting reticular, nodular, or alve-
olar opacities, predominantly in the middle to lower lung
zones (Figure 57.4). Leukocytosis is common, but
eosinophilia is generally absent. Restrictive pulmonary
function is seen early in the disease course, but lung func-
tion frequently is normal between exposures.

Hospitalization is rarely necessary, as the symptoms and
signs usually resolve several hours after exposure has
ended; symptoms often reappear on repeated exposure. In
most patients who are hospitalized, the diagnosis is not
suspected. Often, the patient is thought to have a commu-
nity-acquired pneumonia and improves rapidly on treat-
ment with antibiotics. After discharge, the patient
commonly suffers a rapid and sometimes severe relapse
when exposed again to the antigen.

HSP may present in a much less dramatic fashion. Low-
level, persistent antigen exposure may cause a progressive
deterioration in function associated with irreversible
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pulmonary fibrosis. Mixed obstructive and restrictive pul-
monary function is present, and predominantly upper lobe
fibrosis with volume loss on chest radiography is typical of
late-stage disease. Lung biopsy is often required for diag-
nosis and commonly shows bronchiolitis obliterans, fibro-
sis, and honeycombing in addition to areas of persistent
interstitial pneumonitis with ill-formed granulomas. The
diagnosis is often made on clinical grounds, especially in
the early form of the disease. Precipitating antibodies to
antigens commonly associated with HSP (e.g., ther-
mophilic actinomycetes, Micropolyspora faeni, avian pro-
teins) are often not present, and when present, they are not
diagnostic. Avoidance of antigen exposure is the only es-
tablished therapy for HSP. Steroids are often used to treat
all forms of this disorder, but there are few data to confirm
that they alter the natural history.

Initial Evaluation

History

The initial evaluation of patients with ILD should include a
complete history and physical examination. Key areas of fo-
cus in the past history include occupational and environ-
mental exposures and the smoking, medication, and family
history. A strict chronologic listing of the patient’s lifelong

modes of employment must be sought, including specific
duties and known exposures to dusts, gases, and chemicals.
The degree, duration, and latency of exposure and the use of
protective devices should be elicited. A review of the envi-
ronment (at home and at work, and including the environ-
ments of spouse and children) is also valuable. Exposures to
pets (especially any birds), air conditioners, humidifiers,
hot tubs, and evaporative cooling systems (e.g., swamp
coolers) and the presence of any water damage in the home
or work environment is important to determine. The history
of tobacco use is important because some diseases occur
largely among never-smokers and former smokers (sar-
coidosis and HSP) or among current and former smokers
(desquamative interstitial pneumonitis, respiratory bron-
chiolitis, pulmonary histiocytosis X, and IPF). A detailed
history of the medications taken by the patient is needed to
exclude the possibility of drug-induced disease, including
over-the-counter medications, oily nose drops, and amino
acid supplements. Importantly, lung disease may occur
weeks to years after the drug has been discontinued. The
family history is occasionally helpful because familial asso-
ciations have been identified in cases of IPF, sarcoidosis,
tuberous sclerosis, and other rare conditions.

Physical Examination

The physical examination findings are commonly not spe-
cific but can be useful by revealing tachypnea, reduced chest
expansion, and bilateral basilar end-inspiratory dry crackles.
The cardiac examination findings are usually normal except
in the middle or late stages of the disease, when findings of
pulmonary hypertension (i.e., augmented P2, right-sided lift,
and S3 gallop) and cor pulmonale may become evident
(Chapter 59). Signs of pulmonary hypertension and cor
pulmonale are generally secondary manifestations of ad-
vanced ILD, although they may be primary manifestations of
a connective tissue disorder (e.g., progressive systemic scle-
rosis). Clubbing of the digits is common in some disorders
(IPF, asbestosis) and rare in others (sarcoidosis, HSP, histio-
cytosis X). In most patients, clubbing is a late manifestation
suggesting advanced derangement of the lung.

Laboratory Evaluation

The routine laboratory evaluation is often not helpful.
Serologic studies should be obtained if clinically indicated
by features suggestive of a CTD or vasculitis: sedimenta-
tion rate, antinuclear antibodies, rheumatoid factor, an-
tineutrophil cytoplasmic antibodies, and antibasement
membrane antibody (Chapters 111 and 112). A recent
chest roentgenogram should be obtained, and it also is
important to review all old chest roentgenograms to assess
the tempo of change in disease activity. Complete lung
function testing (spirometry, lung volumes, diffusing ca-
pacity) and a determination of resting arterial blood gases
in room air should be obtained. Common diseases, such
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Figure 57.4 Hypersensitivity pneumonitis. This 39-year-old
woman was hospitalized because of severe cough, dyspnea, and
hypoxemia (oxygen saturation of 83% while breathing room air).
She gave a history of a recurrent illness characterized by cough,
breathlessness, and low-grade fever 4–6 hours after using her hot
tub. Her admission chest examination revealed bilateral basilar
crackles. Her chest radiographic findings were normal. High-
resolution, thin-section computed tomography (Figure) showed a
diffuse increase in lung attenuation with profuse, small, poorly
defined centrilobular nodules. Thoracoscopic lung biopsy showed
diffuse inflammation and numerous ill-formed granulomas.
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as chronic obstructive pulmonary disease, anemia, heart
failure, and mycobacterial or fungal disease, can mimic
ILD, so they must be ruled out. Most causes of ILD will be
identified by the history, physical examination, and labo-
ratory studies.

Chest Imaging Studies

The most common radiographic abnormality is a reticular or
nodular pattern; however, mixed patterns of alveolar filling
and increased interstitial markings are not unusual. Most
ILDs have a predilection for the lower lung zones. As the dis-
ease progresses, widespread opacities are associated with re-
ductions in lung volume and the appearance of pulmonary
hypertension. A subgroup of ILDs has a predilection for the
upper lung zones, and these ILDs often produce nodular
opacities that cause an upward contraction of the pulmonary
hilus. With progression of the disease, small cystic structures,
which represent fibrous replacement of the normal alveolar
architecture, and radiographic honeycombing appear. Al-
though the chest roentgenogram is useful in suggesting the
presence of ILD, the correlation between the roentgeno-
graphic pattern and the stage of disease (clinical or
histopathologic) is generally poor. Only the radiographic
finding of honeycombing (small cystic spaces) correlates with
the pathologic findings; when present, it portends a poor
prognosis. High-resolution CT is well suited for the evalua-
tion of diffuse pulmonary parenchymal disease and often re-
veals disease patterns that aid in the diagnosis.

Lung Function Testing

Measurement of lung volumes and spirometry are impor-
tant tests in assessing the severity of lung involvement in
patients with ILD. Also, the finding of an obstructive or re-
strictive pattern is useful in narrowing the number of possi-
ble diagnoses. Most of the interstitial disorders have a re-
strictive defect, associated with a reduced total lung capacity
(TLC), functional residual capacity (FRC), and residual vol-
ume (RV). Flow rates are decreased (forced expiratory vol-
ume in 1 second—FEV1—and forced vital capacity—FVC),
but these decreases are related to the decreased lung vol-
umes. The ratio of FEV1 to FVC is usually normal or in-
creased. The smoking history must be considered when the
functional studies are interpreted. A few disorders are asso-
ciated with interstitial opacities on the chest roentgenogram
and obstructive airflow limitation on lung function testing
(e.g., sarcoidosis, lymphangioleiomyomatosis, HSP, tuber-
ous sclerosis, and chronic obstructive pulmonary disease
with superimposed ILD).

A reduction in the diffusing capacity for carbon monox-
ide is very commonly found but is not specific for any
particular type of ILD. The decrease partly represents the
degree of effacement of the alveolar capillary units, but
more importantly the extent of ventilation–perfusion mis-
matching in the alveoli.

The resting arterial blood gas values may be normal or
reveal hypoxemia (secondary to ventilation–perfusion mis-
matching) and respiratory alkalosis. Carbon dioxide reten-
tion is rare and usually a manifestation of far-advanced, 
end-stage disease. A normal resting value for arterial oxygen
tension (or oxygen saturation by oximetry) does not rule out
significant hypoxemia during exercise or sleep. Because rest-
ing hypoxemia is not always evident and because severe
exercise-induced hypoxemia may go undetected, it is impor-
tant to perform exercise testing with serial measurement of
arterial blood gases. There is evidence that serial assessment
of gas exchange at rest and during exercise is the best method
to identify disease activity and responsiveness to treatment.
Lung function testing is also discussed in Chapter 54.

Lung Biopsy

Occasionally, the bronchoalveolar lavage cellular distribu-
tion (not a recommended test; see below), chest radio-
graphic or high-resolution CT appearance, or specific
laboratory results in conjunction with the clinical story
may be sufficient to establish a specific diagnosis. However,
in most cases, histologic examination of lung tissue is re-
quired to make the diagnosis. In some disorders, trans-
bronchial biopsy may yield a specific diagnosis; examples
include alveolar proteinosis, sarcoidosis, and lymphangitic
carcinomatosis. However, a transbronchial biopsy that
shows only nonspecific inflammation or fibrosis is not ac-
ceptable. In these cases, video-assisted thoracoscopic lung
biopsy by an experienced chest surgeon is recommended to
establish a specific diagnosis.

Indications for Hospitalization

Hospitalization of patients with ILD usually occurs as a re-
sult of sudden worsening of dyspnea or cough, often asso-
ciated with hypoxemia. Hospitalization is usually required
to determine the diagnosis (especially to rule out or treat
acute pneumonia) or to manage and monitor the severe hy-
poxemia that complicates the course of many of these pa-
tients. When associated with pleural pain, such hypoxemia
may indicate a spontaneous pneumothorax or pulmonary
embolism. Spontaneous pneumothorax is a characteristic
finding in pulmonary histiocytosis X, tuberous sclerosis,
lymphangioleiomyomatosis, and neurofibromatosis.

Indications for Initial Intensive Care
Unit Admission

Few patients with ILD will require admission to an ICU dur-
ing the initial phase of hospitalization. Those who do
require intensive care have respiratory failure that is often
associated with hemodynamic instability (hypovolemia or
sepsis), significant concomitant medical disease (usually
cardiovascular disease or renal failure), or severe hypoxemia
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requiring frequent monitoring of arterial blood gases or me-
chanical ventilation. The presence of hypercapnia is rare
and portends a grave prognosis. Intubation and mechanical
ventilation should be undertaken only after the patient’s
long-term prognosis has been carefully assessed. Patients
with end-stage lung fibrosis of any cause are difficult to ven-
tilate and are rarely successfully weaned from mechanical
ventilation. ILD patients are rarely candidates for or tolerant
of noninvasive ventilation.

Initial Therapy

The management of most ILDs is difficult, and the approach
depends on the specific entity (Table 57.2) (6). Regardless
of etiology, end-stage fibrosis is irreversible and untreatable.
Thus, patients at this stage of illness should be spared the
potential toxicity of agents such as corticosteroids. Pursuing
a diagnosis and instituting appropriate therapy early in the
disease course, before the development of extensive fibrosis,
is likely to improve responsiveness to therapy and, it is
hoped, delay or prevent the functional limitation and dis-
ability that commonly occur in these patients.

The major therapies for ILD involve the administration
of corticosteroids, either alone or with a cytotoxic agent
(cyclophosphamide or azathioprine). Many patients with
ILD are elderly; consequently, the decision to treat them
with immunosuppressive drugs should not be taken
lightly, as the toxicity and side effects of these medications
can be substantial. Among patients who present acutely
and require hospitalization, those with underlying DAD
have the worst prognosis. Conversely, patients with hyper-
sensitivity pneumonitis, BOOP, or nonspecific interstitial
pneumonia often demonstrate an excellent response to
corticosteroid treatment (Table 57.2).

Treatment of drug-induced ILD is based on recognition
of the potential etiology and withdrawal of the suspected
offending agent. In some cases, severe gas exchange abnor-
malities develop after the initiation of mechanical ventila-
tion with high-flow oxygen. In this situation, corticosteroid
medications are effective. This is especially true of drug-
induced eosinophilic pneumonia, BOOP, and some cellu-
lar (nonspecific) interstitial pneumonias. In some patients
with DAD secondary to cytotoxic drugs, corticosteroids can
have a beneficial effect. Unfortunately, some patients with
drug-induced DAD may progress to pulmonary fibrosis de-
spite corticosteroid therapy. There is no rationale for the
use of other immunosuppressive medication in cases that
do not respond to corticosteroids. However, the failure to
respond to both discontinuation of the drug and the addi-
tion of corticosteroid medication should raise the possibil-
ity of another cause for the interstitial pulmonary reaction.

Corticosteroid Therapy

The optimal dose of corticosteroids in the treatment of
most ILDs is not known. Because most of the ILDs are
chronic processes, patients who are hospitalized usually are
on maintenance corticosteroid or cytotoxic therapy. It is the
author’s practice to treat acute exacerbations of established
cases of AIP or new-onset AIPs with intravenous methyl-
prednisolone (250–500 mg every 6 hours for up to 5 days).
The patient is then placed on 40–60 mg of oral prednisone
daily for 10–12 weeks, after which the dose is tapered to 20
mg and maintained for an additional 6–12 months. Inter-
mittent, high-dose parenteral corticosteroid treatment
(“pulse therapy”) has also been used in patients with ag-
gressive and severe disease. Treatment with 2 g of intra-
venous methylprednisolone once a week plus 0.25 mg of
oral prednisone per kilogram daily suppresses the alveolitis
present in many ILDs, but this treatment has not been
clearly shown to improve the long-term outcome of pa-
tients with the lung disease.

The proper length of therapy in patients who respond to
treatment is not known. The usual aim for a duration of
therapy is at least 1 year. Rapid tapering or a shortened
course of corticosteroid treatment can result in disease re-
currence. Unfortunately, most patients experience declin-
ing lung function and worsening exercise tolerance despite
corticosteroid therapy. If the patient’s condition continues
to decline on corticosteroids, a second agent is often added,
and the prednisone dose is lowered to or maintained at
0.25 mg/kg/day. However, the addition of azathioprine or
cyclophosphamide, particularly in patients with DAD, is of
questionable benefit.

Cytotoxic Therapy

There is little experience with the use of intermittent
(“pulse”) intravenous cyclophosphamide therapy in pa-
tients with rapidly progressive disease. The author has used
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TABLE 57.2
LIKELIHOOD OF TREATMENT RESPONSE BASED
ON HISTOLOGIC PATTERNS OF INTERSTITIAL
LUNG DISEASE

Probability
of response Histologic entity

High

Medium

Low

Bronchiolitis obliterans organizing pneumonia
(BOOP)

Cellular interstitial pneumonia
Lymphocytic interstitial pneumonia (LIP)
Eosinophilic pneumonia
Pulmonary capillaritis
Granulomatous pneumonitis
Diffuse alveolar damage (DAD)
Desquamative interstitial pneumonia (DIP)
Alveolar proteinosis
Usual interstitial pneumonia (UIP)
Honeycomb (end-stage) lung
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a dose of 2 mg/kg of ideal body weight administered over
30–60 minutes once daily for 3–5 days. Following this,
daily oral therapy is initiated.

Although side effects are frequently encountered when
corticosteroid or cytotoxic therapy is used, they usually do
not necessitate discontinuation of therapy. Patients should
be carefully monitored for the development of side effects
from both corticosteroids and cytotoxics (see Figure 111.2).

Indications for Early Consultation

The initial presentation of patients with ILD frequently sug-
gests that of acute community-acquired pneumonia. Con-
sequently, the initial evaluation should follow the critical
pathway outlined for the management of this problem
(Figure 65.3). If there is concern that the illness is of non-
infectious etiology, then pulmonary medicine consultation
is recommended. Other indications for specialized testing
and referral to a pulmonologist include the following: no
specific cause of dyspnea or cough can be found; symptoms
exceed the physiologic or radiographic abnormalities iden-
tified; empiric management (antibiotics, bronchodilators,
diuretics, smoking cessation) results in an atypical or un-
satisfactory clinical outcome; specialized testing is needed
for diagnostic purposes (e.g., fiberoptic bronchoscopy with
bronchoalveolar lavage; transbronchial, video-assisted tho-
racoscopic, or open lung biopsy); and therapy with im-
munosuppressive or cytotoxic drug is contemplated.

ISSUES DURING THE COURSE
OF HOSPITALIZATION

Correction of the hypoxemia with appropriate levels of
supplemental oxygen is the most important first step. The
levels of oxygen required to maintain saturations above
90% can be much higher than those usually employed in
other lung diseases. Wheezing should be managed with
inhaled bronchodilators. Often, these are best delivered
by nebulizer because the patient is too breathless to use a
metered-dose inhaler properly (Chapter 56). Parenteral
antibiotics are often given empirically because the presen-
tation of acute exacerbations in patients with ILD is simi-
lar to that of a community-acquired pneumonia (fever
with cough productive of purulent sputum). The critical
pathway for community-acquired pneumonia (Figure
65.3) should be followed during the initial phases of hos-
pitalization. The failure to improve after empiric therapy
(usually by day 3 of hospitalization; Table 65.3) or the
presence of other complications (pneumothorax, hemop-
tysis, worsening pulmonary status) prompts further pul-
monary workup. Despite their often extreme breathless-
ness, patients should be encouraged to increase or
maintain their level of activity, as tolerated, to prevent fur-
ther deconditioning. Counseling regarding smoking cessa-
tion may be particularly effective during the hospital stay.

When appropriate, pneumococcal and influenza vaccina-
tion should be given before discharge.

DISCHARGE ISSUES

Patients with ILD, especially IPF, should be enrolled in a
pulmonary rehabilitation program at discharge. Typically,
patients are sufficiently dyspneic with exertion that they
have stopped regular exercise and in fact might be fright-
ened even to carry out normal daily activities that require
physical exertion. These patients need encouragement to
develop a routine conditioning program to improve muscle
strength and cardiovascular efficiency. Education in energy
management techniques may enable patients to perform
more of their daily activities and hence improve their
quality of life. For example, using labor-saving devices to
simplify work, planning daily priorities, pacing physical ac-
tivity, and improving breathing and body mechanics can
significantly contribute to energy conservation.

Severe hypoxemia (PaO2 �55 mm Hg) at rest or during
exercise should be managed with supplemental oxygen.
Usually, this can be accomplished by prescribing low-flow
oxygen therapy via nasal cannula at home. Often, patients
with ILD need higher oxygen flow rates (4–6 L/min, espe-
cially when walking) than are commonly employed in
other chronic lung disorders. This must be taken into con-
sideration when the oxygen prescription is written.

The patient and family should receive information and
education about the medications used in treatment, espe-
cially because side effects are frequently encountered dur-
ing corticosteroid or cytotoxic therapy (see Figure 111.2 for
sample discharge instructions). Routine follow-up with the
primary care physician should be scheduled within 2–3
weeks of discharge or sooner if significant comorbidities
are present.

Many cases of ILD are chronic and irreversible. Conse-
quently, these patients should be encouraged to issue ad-
vance directives indicating their wishes regarding life-
sustaining therapies (Chapter 17). This issue should be
discussed with the patient and family at the time of admis-
sion or at discharge.

COST CONSIDERATIONS AND
RESOURCE USE

No studies have examined resource utilization in patients
with ILD. Recent data show that surgical lung biopsy sub-
stantially changes the level of diagnostic certainty and is re-
quired in the patient with ILD whose clinical evaluation fails
to establish a “certain” diagnosis. Also, studies have demon-
strated that some tests previously touted in the assessment of
ILD are not helpful, so reducing their use will result in lower
costs. One such test is bronchoalveolar lavage, which may be
valuable in ruling out certain acute processes (hemorrhage
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or infection) but has not proved to be clinically useful in the
routine evaluation of the state of the pulmonary inflamma-
tory response. In addition, the cellular analysis is time
consuming and improperly performed by most clinical lab-
oratories, so the data obtained can be invalid. The role and
value of serial bronchoalveolar lavage in assessing the clini-
cal progress of patients with IPF have also not been defined.
Other frequently unhelpful tests include measurement of the
sedimentation rate, angiotensin-converting enzyme levels,
and circulating immune complex levels (none is helpful in
diagnosis or follow-up) and gallium lung scanning (which is
nonspecific and difficult to interpret).

Most ILD patients have progressive lung disease and can-
not return to full employment after hospital discharge. The
hospital or primary physician often needs to document the
patient’s level of impairment on an application for disabil-
ity coverage. Lung transplantation may be offered to young
patients with end-stage ILD but without significant comor-
bidities and to those with progressive, severe disease that is
unresponsive to other forms of treatment. Lung transplan-
tation is a costly procedure, and the guidelines for the selec-
tion of ILD patients are discussed elsewhere (Chapter 58).

KEY POINTS

■ The interstitial lung diseases are a heterogeneous group
of disorders with typical manifestations of cough, dysp-
nea, crackles on chest examination, diffuse interstitial
opacities on chest radiograph, and a restrictive ventila-
tory defect.

■ The vast majority of interstitial lung diseases are chronic;
however, in some cases, the onset may be acute (days to
weeks), subacute (weeks to months), or progressive,
with the patient requiring hospitalization. These latter
processes are often confused with community-acquired
pneumonia.

■ Important disorders to consider in hospitalized patients
include acute idiopathic interstitial pneumonia, diffuse
alveolar hemorrhage syndromes, bronchiolitis obliterans
with organizing pneumonia, some drug-induced intersti-
tial lung diseases, eosinophilic pneumonias, hypersensi-
tivity pneumonitis, and the acute immunologic pneumo-
nia that complicates connective tissue disease (especially
systemic lupus erythematosus or polymyositis).

■ In most cases, a specific diagnosis requires histologic ex-
amination of lung tissue. Therefore, lung biopsy (usually
a video-assisted thoracoscopic lung biopsy) should be
performed early in the clinical course.

■ Treatment responses vary among these processes, and
the likelihood of response is based mostly on the histo-
logic patterns of the interstitial lung disease.
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Lung Transplantation 

and Lung Volume 

Reduction Surgery
Steven G. Peters David E. Midthun

INTRODUCTION

Over the past decade, surgical options have emerged for
patients with end-stage lung diseases that have been unre-
sponsive to medical therapy. Lung transplantation is an es-
tablished option for a subset of patients with obstructive
lung diseases, restrictive diseases, and pulmonary hyper-
tension, whereas lung volume reduction surgery has been
evaluated for patients with emphysema. This chapter fo-
cuses on the evolving status of these procedures.

Patients with chronic obstructive pulmonary disease
comprise the largest pool of candidates for transplantation.
Chronic obstructive pulmonary disease is the fourth lead-
ing cause of death in the United States, accounting for more
than 8 million physician visits, 726,000 hospitalizations,
and approximately 119,000 deaths in 2000 (1). The
majority of outpatient visits are for exacerbations of
chronic bronchitis, and the majority of deaths are related to
emphysema.

The pathophysiology of emphysema is characterized by
irreversible destruction of distal air spaces with loss of
alveolar walls and development of bullae. The combined
effects of loss of elastic recoil and increased airway
resistance lead to hyperinflation and decreased airflow.
Ventilation–perfusion (V/Q) mismatching occurs, with re-
gions of abnormally high V/Q acting as physiologic dead
space, with impairment of CO2 elimination, and areas of
low V/Q contributing to venous admixture and shunting,
resulting in hypoxemia. Surgical approaches may be di-

rected toward replacement or toward removal of diseased
areas to improve physiologic function.

LUNG TRANSPLANTATION

History

The first human single-lung transplant (SLT) was reported by
Hardy and colleagues in 1963. The patient died of renal
failure after 18 days. During the next 20 years, approxi-
mately 38 SLT procedures were performed, with poor
results (2). The majority of patients died within 2 weeks of
surgery of primary graft failure, rejection, or infection. Of
12 survivors beyond 2 weeks, seven died of dehiscence of
the bronchial anastomosis. Enthusiasm for this procedure
increased greatly in 1986 after the report by the Toronto
Lung Transplant Group of successful SLT in patients with
pulmonary fibrosis in a closely supervised program of peri-
operative pulmonary rehabilitation, limited use of preop-
erative corticosteroids, use of omentum to wrap the
bronchial anastomosis, and immunosuppression with cy-
closporine (3).

The beginning of double-lung transplantation (DLT) has
been attributed to Yacoub and colleagues (2). Use of a sin-
gle tracheal anastomosis was complicated by a high fre-
quency of airway ischemia and dehiscence. Subsequent
success has been achieved with bilateral bronchial anasto-
moses. Vascular anastomoses for SLT and DLT include the
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pulmonary artery and venous return via a cuff of donor left
atrium. The indications for single versus double lung trans-
plantation continue to evolve and are discussed below.

Heart–lung transplantation emerged in the early 1980s as
an option for patients with pulmonary vascular diseases,
especially congenital cardiac disease with Eisenmenger’s
syndrome, and primary pulmonary hypertension. Early
postoperative complications included graft failure, acute
rejection, and infection. As experience with heart–lung
transplantation grew, the late complication of obliterative
bronchiolitis (OB) emerged as the major contributor to
morbidity and mortality. Although it was hoped that OB
would not be as prevalent a complication of SLT and DLT,
current experience indicates that this life-threatening com-
plication may occur in more than half of lung transplant re-
cipients who survive beyond 2–3 years.

Indications and Selection Criteria

Current indications for lung transplantation are shown in
Table 58.1. Contraindications include active infection,
malignancy, current cigarette smoking, drug abuse, and
unstable psychological status, especially if the patient is
unable to understand and comply with a complicated
postoperative medical program. Additional relative con-
traindications include diabetes, osteoporosis, obesity,
prior long-term use of corticosteroids, or a current re-
quirement of more than 5–10 mg of prednisone daily.
Systemic diseases that would be expected to affect out-
come or survival following transplantation are considered
contraindications. The presence of a connective tissue dis-
ease such as scleroderma resulting in pulmonary fibrosis
or pulmonary hypertension is a contraindication in many
but not all transplant programs. Prior thoracic surgery in-
cluding open lung biopsy complicates possible removal of
the lung and increases the risk for serious bleeding, but
usually does not represent a contraindication to trans-
plantation. Negative serologic status for Epstein-Barr virus
(EBV) greatly increases the risk for posttransplantation
lymphoproliferative disorder, which is discussed further

below. Whether negative EBV serology should preclude
consideration of transplantation is controversial.

Preoperative Evaluation

Patients with emphysema, pulmonary fibrosis, cystic fibro-
sis, or pulmonary hypertension are referred most frequently
for consideration of transplantation (4). Although SLT may
be adequate for many of these patients, bilateral transplan-
tation or heart–lung transplantation has often been per-
formed, depending on surgical recommendation, donor
availability, and underlying cardiac function. Patients with
suppurative lung diseases, including bronchiectasis and cys-
tic fibrosis, are considered for bilateral lung transplantation.

Data from the 2002 Registry of the International Society
for Heart and Lung Transplantation show that SLT is
currently carried out for emphysema (excluding �1-
antitrypsin deficiency) in approximately 54% of cases, �1-
antitrypsin deficiency emphysema in 9%, idiopathic
pulmonary fibrosis in 24%, and primary pulmonary hy-
pertension in only 1% (5). DLT or bilateral transplantation
is performed for cystic fibrosis in 34%, emphysema in 22%,
�1-antitrypsin deficiency emphysema in an additional
10%, primary pulmonary hypertension in 8%, pulmonary
fibrosis in 9%, and a variety of conditions in the remainder
of cases.

Potential candidates are evaluated with a complete
history and physical examination and by pulmonary func-
tion testing, arterial blood gas determination, and exercise
testing, including 6-minute walking distance. Cardiac
catheterization is carried out for assessment of right-sided
pressures, and coronary angiography is performed for
older adults and previous cigarette smokers. Laboratory
studies include blood typing and serologic studies for cy-
tomegalovirus (CMV), EBV, herpes viruses, Toxoplasma, and
fungal organisms. Renal function is assessed in anticipa-
tion of impairment induced by cyclosporine, tacrolimus, or
other immunosuppressive and anti-infective agents. Bone
mineral density frequently is abnormal in transplant can-
didates because of corticosteroid therapy and prolonged
inactivity. Although newer anti-resorptive agents have
improved the outlook for patients with osteoporosis, mea-
surements below the fracture threshold may represent a rel-
ative barrier to successful transplantation and rehabilita-
tion. All candidates participate in an ongoing program of
pulmonary rehabilitation, with goals of maintaining car-
diorespiratory conditioning and functional status to the
greatest extent possible. Because waiting periods currently
exceed 2 years in most centers, management during the
waiting time may have an important impact on outcome.

Outcomes

Currently, overall survival following lung transplantation is
approximately 75% at 1 year, 65% at 2 years, and 50% at 4–5
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TABLE 58.1
SELECTION CRITERIA FOR LUNG
TRANSPLANTATION

Age �65y
End-stage pulmonary disease despite maximal medical therapy
Limited life expectancy without transplantation
Satisfactory rehabilitation potential
Ability to comply with medical program
Satisfactory psychosocial status
No active systemic disease expected to worsen outcome
No other major organ system dysfunction
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years (5). Survival for patients with emphysema is
approximately 10% greater at any time after transplant than
for patients with idiopathic fibrosis or pulmonary hyperten-
sion. For patients with emphysema, bilateral lung transplan-
tation is associated with statistically improved 3- to 5-year
survival compared to SLT. However, criteria for patient selec-
tion have varied, and organ supply remains limited, so that
the choice of transplant procedure remains controversial. For
the individual patient, survival figures must be considered in
light of the existing quality of life and expected survival with-
out further intervention. Physiologic improvement following
successful lung transplantation is characterized by increased
vital capacity and expiratory flows and by improved gas
exchange. Maximal oxygen consumption and 6-minute walk-
ing distance typically double by 3 months after transplanta-
tion. Functional status may improve proportionally, with ap-
proximately 80% of patients performing daily activities
without restriction at 1 year after surgery. Approximately 20%
of patients are reported to be working full-time and 10% part-
time at 1 year. The major causes of morbidity and mortality
following transplantation, including infection, rejection, OB,
and malignancy, are discussed below.

CARE OF THE HOSPITALIZED PATIENT
FOLLOWING LUNG TRANSPLANTATION

Postoperative Care and Immunosuppression

Complications following organ transplantation usually re-
flect the conflict between the need to administer immuno-
suppressive drugs to prevent rejection and the side effects of
these agents. Most current protocols for immune suppres-
sion are based on the use of a combination of cyclosporine or
tacrolimus (FK-506), azathioprine or mycophenolate mofetil,
corticosteroids, and antilymphocyte antibodies (antilympho-
cyte globulin, antithymocyte globulin, or OKT3) (6).

In lung-transplant patients receiving regimens containing
cyclosporine, close monitoring is necessary. The most com-
mon adverse effects of cyclosporine are renal insufficiency
and hypertension. At maintenance dosing levels, renal clear-
ance typically falls and serum creatinine rises to average
values of 1.5–2.0 mg/dL. Within 1 year following lung
transplantation, the serum creatinine level is greater than 2.5
mg/dL in approximately 8% of patients. Hypertension re-
quiring additional treatment is present in the majority of pa-
tients at 1 year. Early studies, including both retrospective
data and prospective comparisons, suggest that tacrolimus
may be superior to cyclosporine for maintenance immuno-
suppression and for treatment of rejection episodes (7). Al-
though no improvement in overall survival has been
demonstrated, the frequency of acute rejection episodes and
of late development of OB is reported to be less with
tacrolimus regimens. Recent registry data indicate that ap-
proximately 40% of lung transplant recipients are receiving
tacrolimus for maintenance immunosuppression (5).

Similarly, early data support a potential role for my-
cophenolate mofetil as an alternative to azathioprine in
anti-rejection therapy for solid organ transplants. Prelimi-
nary data in lung transplant recipients suggest that this
agent may also be useful in the treatment of chronic rejec-
tion and bronchiolitis obliterans. In an effort to reduce the
long-term adverse effects of corticosteroids (including obe-
sity, osteoporosis, and myopathy), many solid organ
transplant programs attempt to wean from steroids stable
patients who have not had recurrent rejection episodes.
However, experience with steroid withdrawal in lung trans-
plant recipients is limited, and concern remains regarding
the risks for chronic rejection or OB. Finally, monoclonal
OKT3 has been used in cardiothoracic transplantation for
induction immunosuppression and for acute rejection.

Complications Requiring Hospitalization

In the first year following lung transplantation, approxi-
mately 55% of patients are readmitted, most frequently for
infection and rejection. Common complications are listed
in Table 58.2.

Early graft dysfunction may result from a variety of in-
sults, including acute lung injury after implantation, airway
ischemia, dehiscence or stenosis, and pulmonary vascular
complications. Acute rejection may present with any combi-
nation of dyspnea, cough, and fever; as an asymptomatic de-
cline in pulmonary function test values; or as radiographic
pulmonary infiltrates. In addition to these complications, in-
fections constitute the main differential diagnostic consider-
ations in the early weeks following transplantation.

As indicated in Table 58.2, a relatively small number of
organisms account for most infections following lung
transplantation. Bacterial infection with gram-negative or 
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TABLE 58.2
COMMON COMPLICATIONS FOLLOWING
LUNG TRANSPLANTATION

Early graft failure
Implantation lung injury
Airway anastomotic complications
Pulmonary vascular complications
Acute rejection
Infection
Bacterial

Viral, especially CMV, herpes, EBV
Fungal, especially Aspergillus, Cryptococcus
Pneumocystis jirovecii, Nocardia, Toxoplasma
Mycobacteria: tuberculosis, atypical

Obliterative bronchiolitis
Posttransplant lymphoproliferative disorder (PTLD)
Other malignancies
Other complications (e.g., renal failure, hypertension, diabetes)

CMV, cytomegalovirus; EBV, Epstein-Barr virus.
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-positive organisms is common, and, although these
infections are usually treated successfully, they contribute
significantly to early postoperative mortality. CMV infection
is a common cause of morbidity and mortality, especially if
the recipient is CMV antibody-negative and receives an or-
gan from a CMV-positive donor. Early manifestations may
range from asymptomatic viral shedding identified in blood
or urine to pneumonitis or extrapulmonary involvement of
gastrointestinal, hepatic, neurologic, or hematologic sys-
tems. Prophylaxis for CMV-mismatched patients is com-
monly administered in the form of ganciclovir or valganci-
clovir. Prophylactic therapy also is given for fungal
organisms. Although Candida isolates rarely result in organ
injury, Aspergillus species can cause significant morbidity and
mortality in lung transplant patients. Disease may be local-
ized to the native or transplanted lung, and dissemination is
usually a fatal late complication. Prophylaxis with itracona-
zole has probably decreased these complications, but
controlled data are not available. Pneumocystis jirovecii
pneumonia is generally prevented by prophylactic trimetho-
prim-sulfamethoxazole, but pneumonitis remains a life-
threatening complication in patients who discontinue or
cannot tolerate these medications.

Bronchoscopy plays an early and important role in dif-
ferentiating rejection and infection. Bronchoalveolar
lavage should have a yield of at least 80% for most of the
pathogens listed in Table 58.2, especially CMV and pneu-
mocystis. Transbronchoscopic lung biopsy increases the
yield of infectious agents only slightly but may identify or
confirm an inflammatory response (e.g., granulomas or
CMV inclusions). However, the chief purpose of trans-
bronchoscopic lung biopsy is to establish and quantify
the presence of rejection. Acute rejection is characterized
by perivascular lymphocytic infiltrates and is classified
according to a standardized scale (grade 0, none; grade 4,
severe). Acute rejection is treated by augmentation of
immunosuppression, most commonly with high-dose
methylprednisolone. Bronchoscopic biopsies are usually
repeated after treatment to confirm resolution. Persistent
rejection is often treated with further corticosteroids, anti-
lymphocyte antibodies, or cytotoxic agents.

Obliterative bronchiolitis has been identified as the most
common cause of late morbidity and mortality following
lung transplantation. The prevalence of OB approaches
50% at 1 year, and the entity accounts for the majority of
posttransplant deaths at 5 years. The onset is characterized
by a gradually progressive decline in pulmonary function,
most often defined as a decrease in the forced expiratory
volume in 1 second (FEV1) of more than 10% of the base-
line postoperative value. Radiographic changes can include
hyperinflation and loss of peripheral vascular markings,
but these can be subtle on plain films. Computed tomog-
raphy may show a mosaic pattern of increased lucency
representing focal air trapping, especially evident on expi-
ratory views. Histologic changes are characterized by
patchy fibroproliferative occlusion of bronchioles. Al-

though the specific causes of these chronic and progressive
inflammatory changes are unknown, the major risk factors
appear to be recurrent acute rejection episodes and possibly
prior CMV pneumonitis. Although the specific diagnosis of
OB requires histologic confirmation, the yield with trans-
bronchoscopic lung biopsy is low, and open lung biopsy is
performed infrequently because other diagnoses are un-
likely in the appropriate clinical setting and therapeutic op-
tions are limited. The OB syndrome can be diagnosed in
the setting of a decline in FEV1 in the absence of infection,
acute rejection, or other apparent etiology. Treatment with
augmented immunosuppression has been disappointing.
A definition of the potential role of tacrolimus and my-
cophenolate mofetil in the possible prevention and treat-
ment of OB awaits further experience, although many
programs use these agents as primary immune suppression,
or switch from cyclosporine and azathioprine if acute or
chronic rejection is detected.

Following solid organ transplantation, malignancies de-
velop in 5%–10% of patients, at an average interval of 4–5
years after surgery. Squamous cell carcinomas of the skin
and lips are most common, accounting for nearly half of all
neoplasms. Posttransplantation lymphoproliferative disorders
(PTLD) account for 15% –20% of malignancies. The overall
frequency of PTLD following solid organ transplants is ap-
proximately 3%, but the risk is higher for lung transplant re-
cipients. Histologically, PTLD usually are identified as B-cell
neoplasms of recipient origin and may be monoclonal or
polyclonal. Extranodal disease is common, including lung,
liver, and central nervous system nodular lesions. EBV in-
fection following transplantation has been implicated as
the major risk factor for PTLD. In a Mayo Clinic series of
solid organ transplant patients, PTLD developed in 3 of 367
(0.8%) patients who were EBV-seropositive before trans-
plant, and in 11 of 22 (50%) who were EBV-negative (8).
Additional risk factors include CMV mismatch (seronega-
tive recipient) and OKT3 immune suppression. Because the
relative risk for PTLD is high in EBV-negative patients, EBV
seronegative status is considered a relative contraindication
for potential lung recipients at some centers. Some cases of
PTLD have been observed to resolve after immunosuppres-
sion is decreased, so the current empiric approach to ther-
apy usually includes a period of several weeks of observa-
tion after cyclosporine is reduced by approximately 50%,
azathioprine is decreased or discontinued, and prednisone
is reduced to approximately 5–10 mg. Combination
chemotherapy protocols for lymphoma (Chapter 94) are
considered if disease persists or progresses.

The hospital physician may encounter a variety of other
complications of immunosuppression or of the underlying
disease. These include diabetes, hypertension, complica-
tions of osteoporosis, renal failure, neurologic disease, and
gastrointestinal bleeding, ulceration, or perforation. These
conditions are relatively uncommon causes of late death
following transplantation but are frequent contributors to
major morbidity.
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LUNG VOLUME REDUCTION SURGERY

History

Pulmonary resection for emphysema has been performed
for more than 40 years, most commonly for localized large
bullae that compress adjacent lung tissue. Physiologic im-
provement results from recruitment of functioning alveoli,
increased elastic recoil of the lungs, and improvement in
chest wall and diaphragm mechanics. The origin of lung
resection for diffuse emphysema (in the absence of giant
bullae) is attributed to Brantigan in 1957. Initially, high
morbidity and mortality prevented widespread acceptance
of the procedure. In recent years, a variety of approaches
have been taken to remove or obliterate peripheral bullous
disease, including wedge resections using midline ster-
notomy, thoracotomy or thoracoscopic techniques, and
laser treatment of the lung surface. Cooper and colleagues
(9) are credited with developing the current approach to
lung volume reduction surgery (LVRS), in which approxi-
mately 20%–30% of each lung (usually tissue from upper
zones where the severity of the emphysema is the greatest)
is excised by means of a linear stapling device buttressed
with strips of bovine pericardium intended to prevent air
leaks. This procedure has shown better short-term out-
comes than has laser bullectomy. Following bilateral LVRS,
FEV1 improves by an average of approximately 50%, resid-
ual volume falls by 28%, and symptoms of dyspnea im-
prove. Physiologic improvement has been attributed to
increased lung elastic recoil, decreased chest wall compli-
ance, improvement in respiratory mucscle function, and in-
creased airway conductance.

The reported success of LVRS led to the widespread ap-
plication of surgical procedures for emphysema, with vary-
ing results from a large number of centers and practitioners,
most of which have not been reported. The value of the in-
tervention, considerations of cost versus benefit, and the
potential role of randomized, controlled trials in the as-
sessment of surgical procedures have been debated pub-
licly. In a new paradigm for clinical research, the Health
Care Financing Administration (now called the Center for
Medicare and Medicaid Services) and the National Heart,

Lung, and Blood Institute jointly sponsored the National
Emphysema Treatment Trial (NETT). This study was de-
signed to compare medical therapy, including pulmonary
rehabilitation, with similar therapy plus LVRS. The hospital
physician might encounter patients who are candidates for
LVRS, or who have undergone this type of surgery. Less
invasive methods than surgery for achieving volume reduc-
tion in emphysema are emerging. The bronchoscopic
placement of one-way valves has shown the ability to
reduce volume in applied segments in animals (10). Hu-
man studies in patient with emphysema are underway.

Results

Results from three small-randomized control trials of LVRS
versus medical therapy showed that bilateral LVRS im-
proved static lung function, gas exchange and quality of life
compared to medical therapy and pulmonary rehabilitation
alone (11–13). However, not every patient showed im-
provement and mortality with surgery was higher. Results of
the NETT study are summarized in Table 58.3. A total of
1,218 participants with severe emphysema completed pul-
monary rehabilitation and were then randomized to con-
tinued medical therapy or LVRS (14). After a mean follow-
up of 29.2 months, overall mortality was the same in both
arms. However, LVRS showed a significantly greater im-
provement at 24 months in exercise capacity, FEV1, quality
of life and dyspnea. These improvements were greatest at 6
months, but waned in follow-up at 12 and 24 months.

The NETT study found a survival benefit with surgery
only in a subset of patients with predominantly upper-lobe
emphysema and low exercise capacity after rehabilitation
(14). A higher risk of death was demonstrated with surgery
compared to medical treatment in participants with non-
upper lobe disease and high exercise capacity.

Selection Criteria for Lung Volume
Reduction Surgery

General criteria for LVRS have evolved with clinical experi-
ence in patients with diffuse emphysema. These include se-
vere and disabling disease, thoracic hyperinflation, and
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TABLE 58.3
NATIONAL EMPHYSEMA TREATMENT TRIAL (NETT) RESULTS

% with improvement % with improvement % with improvement
Mortality in FEV1 in exercise capacity in QOL

Therapy # patients 90-day overall 6 mos. 12 mons. 24 mos. 24 months 24 months

Medical 610 1.3% 26.2% 27 26 19 3 9
Surgical 608 7.9% 25.8% 65 56 43 15 33

QOL, quality of life.
From Fishman A, Martinez F, Naunheim K, et al. A randomized trial comparing lung-volume-reduction surgery with medical therapy for severe
emphysema. N Engl J Med 2003;348:2059–2073.
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nonhomogeneous “target areas” for resection. Commonly
accepted indications are listed in Table 58.4 (15).

The intent of these selection criteria is to identify can-
didates whose disease is severe enough to warrant this
intervention and who are most likely to benefit, given the
data available. Prior to consideration of LVRS, patients
requiring steroids are weaned to the lowest possible level,
typically a dose of prednisone of less than 10–20 mg daily.
Patients are also expected to complete at least a 6-week
pulmonary rehabilitation program. Respiratory failure
requiring mechanical ventilation has been considered a
contraindication, although successful outcomes of LVRS
have been reported in this setting. Although malignancy
has also been an exclusion criterion, volume reduction has
been carried out at the time of lung cancer resection in pa-
tients who otherwise might have been considered inopera-
ble because of poor lung function. Using relatively strict
criteria, Cooper and colleagues (9) excluded approximately
80% of patients referred for LVRS, most commonly for ho-
mogeneous disease, insufficient lung hyperinflation, or
other medical conditions. The  NETT identified a subgroup
who were at high risk of death from LVRS. Patients who
had a FEV1 that was no more that 20% of their predicted
value and either a homogeneous distribution of emphy-
sema on CT or a carbon monoxide diffusing capacity
(DLCO) of no more that 20% of predicited, had a 30-day
mortality of 16% (16). There were no deaths in patients
with these criteria in the nonsurgical treatment arm
(P �0.001). Therefore, LVRS should not be offered to patients
meeting these criteria.

Preoperative evaluation with CT and stress echo appear
to be appropriate. A number of studies have assessed the
quantification and distribution of emphysema with high
resolution CT, spiral CT, CT morphometry, or V/Q
scanning. In general, heterogeneous distribution of

emphysema is the best predictor of post-operative
increase in static function but not of exercise tolerance or
dyspnea. Bossone et al, showed that, despite the difficulty
of performing echocardiograms in patients with marked
hyperinflation, a negative dobutatmine stress echo was a
perfect predictor of an absence of major cardiac events
following LVRS (17).

Care of the Hospitalized Patient Following
Lung Volume Reduction Surgery

The average length of hospital stay following volume re-
duction surgery has been approximately 10–15 days,
including shortening of stay with experience. Overall
operative mortality has been approximately 4%–6%, with
1-year mortality in the range of 10%. Common complica-
tions are listed in Table 58.5.

Many patients have persistent air leaks following surgery.
In the series of Cooper et al. (9), 46% of 150 patients had an
air leak beyond 7 days. One randomized study showed that
buttressing the staple line with bovine pericardium reduced
air leaks and drainage time but did not change length of hos-
pital stay compared to patients with nonbuttressed staples
(18). Unless a large pneumothorax is present, chest tubes
are frequently left attached to a water seal because suction is
felt to perpetuate surface leaks. Approximately 5%–10% of
patients require postoperative mechanical ventilation be-
yond 24–48 hours. Respiratory failure may reflect the sever-
ity of the underlying emphysema or be related to any of the
complications listed above. In addition to air leaks, postop-
erative pneumonia has been a common and serious compli-
cation. Fewer than 5% of patients in reported series have re-
quired tracheostomy for prolonged ventilator support.
Myocardial infarction and cardiac arrest have been observed
rarely following LVRS, a finding that reflects the careful se-
lection process and the quality of surgical and anesthetic
management in reported series. Gastrointestinal complica-
tions, including ileus, bleeding, and bowel perforation,
have occurred infrequently.
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TABLE 58.4
SELECTION CRITERIA FOR LUNG VOLUME
REDUCTION SURGERY

Severe emphysema with hyperinflation
Maximal medical therapy, including pulmonary rehabilitation
Age �80 years
FEV1 �45% predicted, TLC �100% predicted, RV �150%

predicted
Bronchodilator response �30% improvement
pCO2 �55 mm Hg, pO2 �45 mm Hg on room air
High resolution chest CT showing emphysema
Mean pulmonary artery pressure �35 mm Hg (peak

�45 mm Hg)
No smoking
No recurrent infections, chronic bronchitis, or bronchiectasis
No severe cachexia

CT, computed tomography; FEV1, forced expiratory volume in 1
second; RV, residual volume; TLC, total lung capacity.

TABLE 58.5
COMPLICATIONS FOLLOWING LUNG VOLUME
REDUCTION SURGERY

Prolonged air leaks, pneumothorax
Intrathoracic bleeding
Respiratory insufficiency requiring prolonged mechanical ventilation
Pneumonia
Cardiovascular complications (e.g., myocardial infarction, cardiac

arrest, atrial arrhythmia)
Gastrointestinal complications (e.g., ileus, bleeding, bowel per-

foration)
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Lung Volume Reduction Surgery vs.
Lung Transplantation

Some patients hospitalized with exacerbations of severe
chronic obstructive pulmonary disease may have exhausted
medical therapy and ask the hospital physician about sur-
gical options. Consideration of either LVRS or transplant
requires that the patient be in generally good health aside
from severe lung disease. Most patients with emphysema
and severe airway obstruction will not be candidates for
transplantation (but may be candidates for LVRS) based on
age above 65 years. However, younger patients may require
a decision between the two procedures. At this point, the
best option for any given 50-year-old patient with severe
emphysema is unclear. The 5-year survival rate for lung
transplant is approximately 30%–40% and the only 
5-year data for LVRS suggest that survival is similar (19).
Attractive features of LVRS include the lack of immunosup-
pression, lesser expense, and the opportunity to fall back
on transplant if surgery is not successful in alleviating
symptoms or if improvement wanes. Senbaklavaci et al.
reported that successful LVRS (resulting in improvement in
FEV1 by �20% over baseline) delayed the subsequent need
for transplantation, improved nutritional state and reduced
perioperative mortality following subsequent lung trans-
plant (20). Those patients who had unsuccessful LVRS
(�20% improvement in FEV1 over baseline) required
transplant 11 months sooner and had a higher periopera-
tive mortality than those with successful LVRS. Further
study will need to clarify which procedure is the best option
for the young patient with emphysema.

CONCLUSIONS

Lung transplantation and LVRS have emerged as surgical
options for the treatment of severe emphysema. Evalua-
tion of potential candidates requires thorough examina-
tion, laboratory and pulmonary function testing, and
assessment of other medical conditions and risk factors
for adverse outcomes. Even with careful patient selection,
postoperative complications requiring prolonged hospi-
talization or readmission are frequent. Because of limited
donor availability, lung transplantation remains an op-
tion for relatively few patients each year. The National
Emphysema Treatment Trial showed improvement in
exercise capacity and pulmonary function with LVRS.
However, the surgery confered no survival advantage over
medical therapy.

KEY POINTS

■ Lung transplantation is an option for a subset of patients
with end-stage lung diseases unresponsive to maximal
medical therapy and with satisfactory rehabilitation po-

tential. Currently, transplantation is carried out most of-
ten for emphysema, cystic fibrosis, pulmonary fibrosis,
and pulmonary hypertension.

■ The most common complications of lung transplanta-
tion are infection, rejection, adverse drug effects, obliter-
ative bronchiolitis, and posttransplant lymphoprolifera-
tive disorders.

■ Bronchoscopy with bronchoalveolar lavage and trans-
bronchoscopic biopsy is an early and important step in
the evaluation of new symptoms or pulmonary infil-
trates in the transplant recipient.

■ Obliterative bronchiolitis occurs in the majority of lung
transplant patients beyond 2–3 years after surgery and is
a major cause of late mortality and morbidity.

■ The risk for posttransplant lymphoproliferative disorder
is greatly increased in patients who are seronegative for
Epstein-Barr virus at the time of transplantation. Addi-
tional risk factors include cytomegalovirus mismatch
and OKT3 immune suppression.

■ Lung volume reduction surgery has emerged as a promis-
ing therapy for highly selected patients with heteroge-
neous involvement by severe emphysema.

■ Major complications of lung volume reduction surgery
include prolonged air leaks, bleeding, pneumonia, respi-
ratory insufficiency requiring mechanical ventilation,
and death.

■ The National Emphysema Treatment Trial showed no
overall difference in mortality at 2-years between medi-
cal therapy and LVRS. Patients at high risk and not con-
sidered candidates include those with an FEV1 of �20%
predicted and either homogeneous distribution of
emphysema on CT or a diffusing capacity of �20% pre-
dicted.

■ The NETT study showed the LVRS improved pulmonary
function, exercise capacity, dyspnea, and quality of life
when compared with medical therapy. A survival advan-
tage was seen with LVRS in those patients with upper-
lobe predominant emphysema and low-exercise capacity
after rehabilitation.
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Pulmonary 

Hypertension
Lewis J. Rubin

INTRODUCTION

The normal pulmonary circulation is a high-flow, low-
pressure circuit that is capable of accepting the entire right
ventricular (RV) output at a pressure one-fifth of that in the
systemic circulation. When pulmonary artery pressure is in-
creased, either as a result of intrinsic diseases affecting the
pulmonary vessels, disturbances in ventilation or intrapul-
monary gas exchange, or downstream cardiac disease, RV
afterload increases. Ultimately, the increased ventricular
work imposed by the elevations in pulmonary vascular re-
sistance results in RV dysfunction, right-sided heart failure,
and death. Pulmonary hypertension is considered to be
present when the mean pulmonary artery pressure exceeds
25 mm Hg at rest or 30 mm Hg during exercise (1). This
chapter reviews the causes of pulmonary hypertension,
their presenting signs and symptoms, and the initial ap-
proach to diagnosis and management.

ISSUES AT THE TIME OF ADMISSION

Clinical Presentation

The most common presenting symptom of patients with
pulmonary vascular disease is dyspnea, which results from
the inability of the right side of the heart to increase cardiac
output and systemic oxygen delivery to meet the demands
of physical activity. Dyspnea typically develops with exer-
tion, but as pulmonary hypertension and RV dysfunction
progress, it occurs with lesser degrees of activity. Exertional
chest pain, similar to angina pectoris, may occur in severe
pulmonary hypertension. It is thought to be a consequence
of RV ischemia. Dizziness or syncope, particularly during

or immediately after exertion, is an ominous prognostic
sign, indicating an inability to maintain cerebral perfusion
because of marked limitations in RV output. Less common
presenting symptoms of chronic pulmonary hypertension
include a nonproductive cough, hoarseness (resulting from
compression of the recurrent laryngeal nerve by enlarged
main pulmonary arteries), and hemoptysis. The reader is
referred to Chapter 53 regarding the presentation of pa-
tients with acute pulmonary hypertension associated with
acute pulmonary embolism.

Although the findings of pulmonary hypertension on
physical examination are often subtle, particularly in the
early stages, important clues to the etiology may be evident.
Examination of the jugular venous pulse may disclose a
prominent a wave indicative of a poorly compliant RV,
prominent c-v waves indicating the presence of tricuspid in-
sufficiency, or venous distention suggesting an elevated
right atrial pressure. Examination of the chest may reveal
signs of severe airway obstruction, parenchymal lung dis-
ease, or hypoventilation as a consequence of body habitus
or thoracic cage deformities. Patients with chronic throm-
boembolic pulmonary hypertension (CTEPH) may have
bruits audible in the chest, which represent flow through
partially obstructed vessels (2). An accentuated pulmonic
component to the second heart sound (P2), an S3 or S4 gal-
lop, and murmurs of tricuspid or pulmonic insufficiency
may be appreciated on cardiac examination. Fixed splitting
of S2, with or without a soft diastolic murmur audible at the
base of the heart, is suggestive of an atrial septal defect with
Eisenmenger’s syndrome. The presence of ascites or hep-
atomegaly may be clues to either right-sided heart failure or
significant intrinsic liver disease with associated pulmonary
hypertension (portal–pulmonary hypertension syndrome).
Examination of the extremities may demonstrate clubbing,
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which is suggestive of chronic pulmonary disease, congeni-
tal heart disease, or chronic liver disease. Central cyanosis
suggests severe hypoxemia, caused either by disturbances in
ventilatory function or right-to-left shunting with congeni-
tal heart disease. Peripheral cyanosis and edema are the
result of a severely reduced cardiac output and right-sided
heart failure, respectively. Examination of the skin and
joints may show signs of a connective tissue disease, such as
systemic sclerosis, systemic lupus erythematosis, or
rheumatoid arthritis. Patients with portal–pulmonary hy-
pertension caused by cirrhosis may have numerous truncal
spider angiomas.

Differential Diagnosis and Initial Evaluation

Once the suspicion of pulmonary vascular disease has been
raised by the patient’s symptoms or signs, the approach
should be directed toward establishing the presence of pul-
monary hypertension and clarifying its etiology. A classifi-
cation of conditions causing pulmonary hypertension is
shown in Table 59.1. A meticulous history may provide im-
portant clues regarding causes. Prior or recent use of
cocaine, anorexigenics (3), or intravenous (IV) drugs, in ad-
dition to risk factors for exposure to HIV, should be
explored because all have been implicated in the develop-
ment of pulmonary hypertension. A family history of pul-
monary hypertension or death at a relatively young age
from “heart disease” may suggest familial primary pul-
monary hypertension (PPH), which accounts for approxi-
mately 7%–10% of all cases of that disease, or a familial
prothrombotic state predisposing to chronic thromboem-
bolic disease. A prior history of deep venous thrombosis or
pulmonary embolism should raise the suspicion of
CTEPH. A history of Raynaud’s phenomenon suggests the
presence of a connective tissue disease, although approxi-
mately 20% of patients with PPH may also experience this
condition. Heavy alcohol use or infection with viral hep-
atitis raises the possibility of cirrhosis as the underlying
etiology. Daytime somnolence, nightmares, and snoring
suggest the presence of disordered breathing during sleep,
with nocturnal hypoxemia and hypercapnia.

The initial diagnostic approach is outlined in Figure
59.1. Routine tests, including the chest radiograph and
electrocardiogram, may disclose evidence of pulmonary
hypertension, although the sensitivity of these studies is
low for early disease. Echocardiography is often the first
study that demonstrates findings of pulmonary hyperten-
sion, including right-sided chamber enlargement, flatten-
ing or displacement of the interventricular septum (which
suggests RV pressure overload), and tricuspid regurgitation.
The pulmonary artery systolic pressure can be estimated
noninvasively by Doppler techniques based on the magni-
tude of the tricuspid regurgitant jet. Additionally, valvular
disease, congenital heart disease, and conditions affecting
left ventricular function can be excluded by transthoracic or
transesophageal echocardiography. Contrast echocardiog-

raphy may also disclose the presence of a patent foramen
ovale, which occurs frequently in the setting of right atrial
pressure overload.

A number of additional studies should be obtained to
assist in establishing the etiology of pulmonary hyperten-
sion. Serologic studies (e.g., antinuclear antibody, rheuma-
toid factor, HIV antibody) can exclude connective tissue
diseases and HIV infection. Of note, antinuclear antibodies
are frequently present in patients with PPH, although usu-
ally in a low titer and nonspecific pattern. More detailed
serologic testing may be necessary if a specific connective
tissue disorder is suspected. Standardized tests of lung func-
tion should be performed to exclude significant lung
disease. Mild reductions in lung volumes or the diffusing
capacity are nonspecific and may be seen in PPH in addi-
tion to most other forms of pulmonary vascular disease.
Measurement of arterial blood gases while the patient is
breathing ambient air and 100% oxygen is important, not
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TABLE 59.1
CLASSIFICATION OF PULMONARY
HYPERTENSION

Intrinsic pulmonary vascular disease

Primary pulmonary hypertension
Connective tissue diseases (systemic sclerosis, systemic lupus 

erythematosis)
Pulmonary vasculitis
Eisenmenger’s syndrome
Portal–pulmonary hypertension syndrome
HIV-associated pulmonary hypertension
Exogenous substances (anorexigens, cocaine, L-tryptophan, con-

taminated rapeseed oil)
Chronic thromboembolic pulmonary hypertension

Pulmonary vascular disease resulting from chronic
respiratory disease

Parenchymal lung disease (interstitial lung disease, obstructive
airways disease, mixed disorders)

Disorders of ventilation (sleep apnea and obesity hypoventilation
syndromes, restrictive chest wall disease)

Chronic hypoxic exposure (altitude)

Pulmonary vascular disease resulting from disorders of
left-sided heart filling

Left ventricular systolic or diastolic dysfunction
Mitral valve disease

Pulmonary vascular disease resulting from mechanical
obstruction

Mediastinal fibrosis
Foreign bodies (talc, fibers)
Tumor
Parasites
Granulomatous vascular disease

26410 ch 059  3/11/05  4:24 PM  Page 570



only to clarify the need for supplemental oxygen therapy
but also to determine whether a shunt exists. Similarly,
measurement of oxygen saturation during activity, either
by direct analysis of an arterial blood sample or by nonin-
vasive measurement (pulse oximetry), may disclose desat-
uration, which can be effectively avoided through the use
of ambulatory supplemental oxygen. Polysomnography is
indicated when sleep apnea is suspected.

Imaging studies play a key role in differentiating be-
tween causes of pulmonary hypertension. Of these, the
ventilation–perfusion lung scan is the most important be-
cause it may provide the sentinel clue to the presence of
occult chronic thromboembolic disease. Because the venti-
lation–perfusion scan underestimates the extent of vascular
involvement with chronic thrombosis, pulmonary an-
giography should be performed if the scan shows any
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Screen (history, physical exam, ECG, CXR)

Suspicion

Echocardiogram

No PH

Suspicion remains

PH due to LV,  valve,
and congenital disease

V/Q scan

No suspicion

Normal, low probability Mismatched defects

Angiography, Helical CT

Pulmonary function studies
HRCT

Serologies (autoimmune, HIV)
Liver function studies

Sleep study

Negative Positive

CTEPH

Distal ProximalAbnormal Normal

Respiratory disease
Connective tissue disease

Vasculitis
HIV disease

Portal pulmonary HTN

Consider biopsy, if necessary

Functional assessment
Catherization

Assess vasoreactivity

Figure 59.1 Approach to the diagnosis of suspected pulmonary hypertension. CTEPH, chronic
thromboembolic pulmonary hypertension, CXR, chest X-ray; ECG, electrocardiogram; HRCT, high-
resolution CT scan; HTN, hypertension;  LV, left ventricular; PH, pulmonary hypertension.
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mismatched perfusion defects. Pulmonary angiography
not only confirms the presence of thromboembolic disease
but also delineates the sites and extent of involvement, in-
formation that is necessary to assess candidacy for pul-
monary thromboendarterectomy. The lung scan in PPH is
typically normal, whereas a patchy, nonsegmental perfu-
sion pattern may be observed in pulmonary veno-occlusive
disease. Other studies that can be helpful include spiral and
high-resolution computed tomography, which can detect
proximal thrombotic disease and occult interstitial lung
disease, respectively.

Cardiac catheterization is usually the final diagnostic
procedure performed in the evaluation of a patient with
suspected pulmonary hypertension. A comprehensive
study should include the measurement of right- and left-
sided intracardiac and vascular pressures and cardiac out-
put, and a search for the presence of intracardiac shunts or
valvular disease. In the appropriate circumstances, testing
for the presence of pulmonary vasoreactivity by means of
short-acting vasodilators may also be performed during ini-
tial hemodynamic study.

Examination of lung tissue is rarely needed to establish
an etiology for pulmonary hypertension. Furthermore, lung
biopsy is often poorly tolerated by patients with pulmonary
vascular disease, owing to their fragile cardiopulmonary sta-
tus. When a definitive diagnosis cannot be made on clinical
grounds, or when the management depends on the
histopathologic findings (as in pulmonary vasculitis or
other inflammatory conditions), thoracoscopically-guided
biopsy is less invasive and carries a lower risk for adverse
events than does open lung biopsy. The transbronchial
biopsy specimens obtained via fiberoptic bronchoscopy are
inadequate for establishing a diagnosis in most cases of pul-
monary hypertension. Furthermore, the risk for uncontrol-
lable hemorrhage is significant.

Indications for Hospitalization

The main indications for hospitalization are shown in
Table 59.2. In general, much of the initial evaluation can be
performed in the outpatient setting in most cases. How-

ever, patients with a rapid onset of symptoms, those with
signs of progressive deterioration of right-sided heart func-
tion or severe hypoxemia, and patients who will be under-
going cardiac catheterization with acute vasodilator testing
should be admitted.

Indications for Intensive Care Unit Admission

Patients who are hemodynamically unstable, defined as
having systemic hypotension or severe hypoxemia requiring
high concentrations of supplemental oxygen to maintain an
adequate oxygen saturation, or those with evidence of se-
vere right-sided heart failure (ascites, marked pedal edema)
should be admitted to the ICU for management. This ap-
proach facilitates close monitoring of the patient’s status as
diagnostic and therapeutic approaches are initiated.

Initial Therapy

The initial therapy of pulmonary hypertension depends on
the etiology. Patients with pulmonary vascular disease re-
sulting from severe respiratory disease should be treated
with modalities that will improve lung function and gas ex-
change (4). For example, sleep apnea should be managed
with nocturnal use of noninvasive positive pressure venti-
lation, chronic airflow obstruction should be aggressively
treated with bronchodilators and anti-inflammatory agents
(Chapter 55), and interstitial lung disease should be treated
with corticosteroids or other immunosuppressant or anti-
inflammatory agents (Chapter 57), as appropriate. Supple-
mental oxygen therapy should be used in patients with hy-
poxemia at rest or during physical activity, both to
optimize oxygen delivery to the peripheral tissues and to re-
duce the contribution of hypoxic pulmonary vasoconstric-
tion to the altered pulmonary hemodynamic state. Patients
with CTEPH should undergo placement of an inferior vena
cava filter device, initiation of anticoagulation, and evalua-
tion for pulmonary thromboendarterectomy (2) (Chapter
53). Patients with a connective tissue disease should receive
the appropriate therapies for their systemic condition
(Chapters 111 and 112).

Acute testing of pulmonary vasoreactivity is mandatory
before a patient with PPH or connective tissue disease is
given a course of vasodilator therapy, because less than
50% of patients respond to vasodilators. Vasodilators can
cause significant deterioration in unresponsive patients
by producing systemic hypotension, worsening hypox-
emia, and diminishing cardiac output (5). Acute testing
should be performed during careful hemodynamic study
by physicians who have experience with vasodilators and
the responses to these drugs in the setting of pulmonary
hypertension. Short-acting agents are preferred because
they can be discontinued rapidly if adverse effects are
noted. The drugs of choice for acute testing are inhaled ni-
tric oxide, IV prostacyclin (epoprostenol), and adenosine. A

572 Section VI: Pulmonary Medicine

TABLE 59.2
INDICATIONS FOR HOSPITALIZATION

Initial invasive evaluation (including cardiac catheterization and 
evaluation of responses to vasodilator testing)

Initiation of oral or intravenous vasodilator therapy
Symptoms consistent with New York Heart Association functional 

class IV (syncope, bed-bound, anasarca)
Hypoxemia refractory to supplemental oxygen
Worsening renal function
Symptomatic systemic hypotension
Hemorrhagic complications of anticoagulant therapy
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positive response is defined as a reduction in mean pul-
monary artery pressure and pulmonary vascular resistance
to normal or near-normal levels (e.g., �30–35 mm Hg
and �5 units, respectively), without significant changes
in systemic blood pressure or oxygen saturation or
substantial side effects. The response to these agents ad-
ministered acutely has been shown to predict responsive-
ness to long-term oral vasodilator therapy. Table 59.3 lists
the most useful agents for acute testing and long-term
therapy.

Long-term therapy in responders can be initiated with
oral calcium channel blockers, which produce sustained
hemodynamic and symptomatic improvement and are
well tolerated by most patients (5). In general, the doses re-
quired to achieve an optimal effect are larger than those
used to treat systemic vascular disease, although dose re-
quirements and tolerance are variable. Therapy should be
initiated with low doses and increased slowly during sev-
eral days as vital signs, symptoms, and physical examina-
tion findings allow.

Until recently, there were no pharmacologic options for
patients who failed to respond to acute testing. However,
recent studies have demonstrated that several medications
can be useful in the management of pulmonary hyperten-
sion that is unresponsive to oral vasodilators. Continuous
IV infusion of epoprostenol improves hemodynamics, ex-
ercise tolerance, and survival in patients with PPH who fall
into New York Heart Association functional classes III and
IV (6, 7). Interestingly, continuous epoprostenol infusion
produces improvement even in those patients who fail to
respond to it acutely, which suggests that the long-term ef-

fects of this drug are a consequence of properties other than
vasodilation. Epoprostenol is currently approved by the
U.S. Food and Drug Administration for the treatment of
PPH and PAH due to connective tissue disease refractory to
conventional therapy. Experience with epoprostenol for
other forms of severe pulmonary hypertension (connective
tissue disease, congenital heart disease) has been limited,
but beneficial results have been observed in this popula-
tion also. Bosentan, a dual endothelin receptor antagonist
that is administered orally, has recently been approved for
symptomatic PAH (8).

Indications for Early Consultation

The management of patients with pulmonary vascular dis-
ease is highly complex and evolving rapidly. Consultation
or referral to a center specializing in this area is recom-
mended for those patients with PPH, CTEPH, and pul-
monary hypertension associated with connective tissue dis-
ease or congenital heart disease because these patients may
require complex medical or surgical interventions. Addi-
tionally, referral to specialized centers affords these pa-
tients access to investigational therapies. Patients with un-
derlying pulmonary disease and persistence of pulmonary
hypertension despite maximal medical therapy, and those
in whom the etiology remains obscure, may also be candi-
dates for referral or consultation.

ISSUES DURING THE COURSE OF
HOSPITALIZATION

General Issues

The physician and patient should discuss the impact of
pulmonary hypertension on survival, the avoidance of
medications or illicit substances that can aggravate the un-
derlying condition, and the options for management. For
women of childbearing age, the issue of pregnancy must be
discussed in detail. Pregnancy imposes significant cardio-
vascular stresses on the patient with pulmonary hyperten-
sion, particularly in the later stages, is poorly tolerated, and
the mortality is high. Additionally, oral contraceptive
agents may aggravate pulmonary hypertension, so alterna-
tive methods of contraception are advised. Exposure to
high altitude is also not recommended because symptoms
may be accentuated by even modest hypoxia.

General Medical Management

As stated previously, supplemental oxygen therapy is indicated
when arterial oxygen saturation falls below approximately
90%, either at rest or during ambulation. Ambulatory sys-
tems allow the patient a greater degree of mobility, and the
use of oxygen-conserving devices that deliver gas during

Chapter 59: Pulmonary Hypertension 573

TABLE 59.3
DOSE RANGES AND ROUTES OF
ADMINISTRATION OF COMMONLY USED
VASODILATOR AGENTS

Drug Route Dose range

Nitric oxide (NO) Inhalation 5–40 ppm
Prostacyclin Intravenous 1–12 ng/kg per 

(epoprostenol, PGI2) minute acutely 
(Doses vary for 
long-term use.)

Adenosine Intravenous 50–300 mcg/kg 
per minute

Nifedipinea Oral 30–240 mg/d
Diltiazema Oral 120–900 mg/d
Amlodipinea Oral 5–20 mg/d
Bosentan Oral 62.5 mg twice daily,

increase to  
125 mg twice daily
after 4 weeks

a Not recommended for acute testing of vasoreactivity. Doses listed
are for long-term therapy only.
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inspiration enables patients to remain out of the home for
longer periods of time. Patients with severe hypoxemia re-
quiring high flow rates of oxygen may benefit from the
placement of a transtracheal catheter for oxygen delivery, as
this approach is more comfortable and may accomplish the
goal of achieving a satisfactory oxygen saturation level with
lower flow rates. Oxygen should be used for at least 18
hours daily by patients with resting hypoxemia, although
continuous use is strongly advised.

Diuretics are useful when there is evidence of right-sided
heart failure, including edema or ascites. However, caution
should be exercised with their administration because the
RV is highly preload-dependent and excessive diuresis can
result in clinical deterioration. Loop diuretics such as
furosemide are generally effective as first-line therapy. In
patients with severe right-sided heart failure, these drugs
should initially be given IV, as absorption through the gut
may be impaired. Patients with ascites may benefit from
the addition of aldosterone antagonists, such as spirono-
lactone. Refractory heart failure may necessitate the admin-
istration of more potent diuretics, such as metolazone.
Diuresis may also relieve severe hypoxemia resulting from
shunting through a patent foramen ovale by reducing the
transatrial pressure gradient.

The role of cardiac glycosides for isolated right-sided
heart dysfunction resulting from pulmonary hypertension
is controversial. Some investigators have advocated
the use of digoxin when calcium channel blockers are
given to counteract the negative inotropic effects of
the latter. Digoxin therapy is associated with a decrease
in neurohumoral activation, but convincing evidence of
improvement in right-sided heart function is lacking.
Additionally, the risk for digitalis toxicity may be in-
creased when hypoxemia and diuretic-induced hy-
pokalemia are present.

Anticoagulation

The management of acute pulmonary embolism is dis-
cussed in Chapter 53. Patients with CTEPH should be
treated with warfarin for life unless absolute contraindica-
tions exist. The dose should be adjusted to achieve an in-
ternational normalized ratio (INR) of approximately 2.5.
Persons who are at increased risk for recurrence or who may
be resistant to anticoagulation at these levels, such as those
with a “lupus anticoagulant” or with the anticardiolipin an-
tibody syndrome, should be treated with doses of warfarin
adjusted to achieve an INR of 3–4 (Chapter 98). Anticoag-
ulation has been demonstrated to improve survival in PPH
(9), but no data are available for other pulmonary
hypertensive conditions. Most experts recommend antico-
agulation for patients with severe pulmonary hypertension
regardless of the etiology, as these patients are at risk for
thromboembolism and have little, if any, pulmonary vas-
cular reserve to draw on if the pulmonary circulation is
compromised further.

Vasodilator Therapy

Patients who respond to acute vasodilator testing may be
candidates for long-term oral vasodilator therapy. The cal-
cium channel blockers are the drugs of choice, with the
most experience to date with nifedipine, diltiazem, and
amlodipine (5). Verapamil is not recommended because it
is a less potent pulmonary vasodilator and is more likely to
produce negative inotropic effects. Although the beneficial
effects of angiotensin-converting enzyme inhibitors in sys-
temic hypertension and left-sided heart failure have been
well documented, these agents do not appear to be effective
in pulmonary hypertension.

Oral vasodilator therapy should be initiated under close
monitoring, with gradual adjustment of doses as tolerated.
Side effects include headache, dizziness, worsening hypox-
emia, and edema. There are no clear advantages of one
calcium blocker over another (with the exception of vera-
pamil’s lack of efficacy), and intolerance of one drug does
not preclude tolerance of another. Edema during calcium
channel blocker therapy may be a consequence of the salt
and water retention properties of this class of drugs or of
worsening cardiac function. If the former is the cause,
administration of low doses of diuretics usually results in
resolution.

Continuous Intravenous Epoprostenol

Continuous IV epoprostenol is indicated for patients with
PPH who fall into New York Heart Association class III or
IV. Epoprostenol is administered by continuous IV infusion
by means of a portable infusion pump attached to a perma-
nent indwelling central venous catheter. Patients must be
trained in the preparation of medication, troubleshooting
the delivery system, and sterile technique. Although dosing
should generally begin slowly and be increased as tolerated,
a more aggressive approach is needed in patients who are
severely ill. Side effects of therapy are common but man-
ageable, and include headache, jaw or foot pain, skin rash,
and diarrhea. Interruption of the infusion, either through
pump malfunction or loss of venous access, is poorly toler-
ated and can be life-threatening. Dose requirements in-
crease with time, which necessitates close follow-up in the
outpatient setting. Continuous IV epoprostenol has been
used either as a primary mode of therapy or as a bridge to
transplantation, depending on the patient’s response to and
tolerance of long-term therapy, candidacy for transplanta-
tion, and personal preference (6, 7).

Oral Bosentan

Bosentan, a dual endothelin receptor antagonist, may be
considered for patients with PAH who fall into New York
Heart Association Class III or IV. The target therapeutic
dose is 125 mg twice daily (8). Because the main adverse
effect of bosentan is altered liver function, monthly
liver function testing is required. Mild increases in
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aminotransferases (�3 times normal) are common and do
not require changes in dosing, while more severe increases
(�5 times normal) require discontinuation of the drug.

Pulmonary Thromboendarterectomy

Pulmonary thromboendarterectomy has been demon-
strated to produce substantial and sustained hemodynamic
improvement in patients with proximal, unresolved pul-
monary thromboembolic disease in major vessels. Patients
who appear to have this condition should be referred to a
center specializing in its diagnosis and treatment to assess
their candidacy for thromboendarterectomy.

Transplantation

Single-lung, double-lung, and combined heart–lung trans-
plantation have all been performed for pulmonary hyper-
tension (10). Most centers reserve heart–lung transplanta-
tion for patients who have pulmonary vascular disease with
irreversible cardiac disease, such as complex congenital
heart disease, severe left-sided valvular disease, or left ven-
tricular dysfunction. The median waiting time for single-
lung or double-lung transplantation in the United States is
currently approaching 2 years, which underscores the im-
portance of early referral for evaluation. The 3-year survival
after lung transplantation is approximately 60% (com-
pared with a 20%–30% 3-year survival for untreated pa-
tients in New York Heart Association classes III and IV),
with most deaths attributable to bronchiolitis obliterans,
chronic rejection, or opportunistic infection.

The timing of lung transplantation poses a considerable
challenge. Patients must be sufficiently ill to warrant trans-
plantation, yet not so ill that surviving the surgery is un-
likely. Close coordination of care between the physician
overseeing medical management and the transplant center
is crucial. A complete discussion of lung transplantation is
presented in Chapter 58.

DISCHARGE ISSUES

Medications should be reviewed at discharge, with special
emphasis on the risks associated with warfarin, drug in-
teractions, and the importance of taking vasodilator medi-
cations as prescribed without interruptions. Patients
discharged on continuous epoprostenol should have a list
of emergency phone numbers and a letter to be kept on file
in their local emergency department describing the nature
of their treatment and emergency procedures to be fol-
lowed in the event of interruption of the infusion. Dietary
instructions, particularly salt and fluid restrictions or sup-
plemental nutrition, should be reviewed. Patients should
be encouraged to undertake physical activity to their level
of tolerance but to avoid those activities that produce

sustained or serious adverse effects, such as chest pain, ex-
treme dyspnea, dizziness, and syncope. A bracelet or
medallion on which the diagnosis, medications, and emer-
gency contact information are inscribed is recommended.
A schedule should be developed for routine blood work, as
necessary. Follow-up appointments should also be ar-
ranged, usually for 2–4 weeks after discharge. Finally, pa-
tients should be instructed to call immediately if changes in
their condition develop, particularly syncope, hemoptysis,
severe dizziness, or worsening edema.

COST CONSIDERATIONS AND
RESOURCE USE

Most of the components of medical care for patients with
pulmonary hypertension are costly and beyond the means
of most people. Accordingly, patients should be encouraged
to maintain adequate levels of medical insurance or to ap-
ply for government-supported coverage if eligibility can be
established. Unfortunately, many patients with severe dis-
ease are unable to resume full-time employment after hos-
pital discharge; their applications for disability often require
substantial support and documentation by their physician.
The unstable nature of this condition (11) necessitates the
timely completion of disability applications to ensure that
medical coverage does not lapse, even briefly.

Although diuretics and warfarin are relatively inexpen-
sive, drugs such as calcium channel blockers can cost up to
$100 a month. Supplemental oxygen is usually covered by
third-party payers as long as hypoxemia is documented.
Epoprostenol therapy costs between $50,000 and $150,000
a year depending on dose, but it is covered by insurance
when prescribed for its approved indication. Bosentan ther-
apy costs approximately $25,000 per year. The average cost
for lung transplantation is $125,000–$150,000. Annual
costs after transplantation vary, depending on the need for
rehospitalization, but are estimated at $25,000–$50,000 a
year, including the costs of medications. Complex treat-
ments, such as epoprostenol and transplantation, are most
efficiently and successfully performed at referral centers that
have allocated resources to and gained experience with
these approaches. In these centers, training for home
epoprostenol therapy can usually be accomplished with
short (5–7 days) inpatient stays. Some centers combine
even briefer inpatient stays with outpatient training to
minimize cost.

KEY POINTS

■ Pulmonary hypertension is not a disease per se, but rather
a hemodynamic abnormality that is common to a large
number of divergent conditions. Determining the etiol-
ogy of pulmonary hypertension is crucial to developing
an individualized therapeutic approach.
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■ The presenting signs and symptoms of pulmonary hy-
pertension are often subtle and nonspecific, particularly
early in its course. Dyspnea out of proportion to evi-
dence of heart or lung disease is an important clue.

■ Several conditions are associated with pulmonary hyper-
tension and should be explored during the initial assess-
ment, including use of anorexigenics and illicit drugs, HIV
infection, portal hypertension, and hereditary conditions.

■ A systematic noninvasive approach to diagnosis will
usually provide sufficient information to establish an eti-
ology without the need for histologic confirmation.

■ Complete cardiac catheterization, which is mandatory in
patients with pulmonary hypertension, is used to
confirm the severity and source of the hemodynamic ab-
normalities, help in estimating prognosis, and assess
pulmonary vasoreactivity in response to potent, short-
acting, titratable vasodilator agents.

■ Patients with severe pulmonary hypertension who re-
quire complex treatments, such as pulmonary throm-
boendarterectomy, continuous epoprostenol therapy, or
transplantation, should be referred to centers with ex-
pertise in these approaches.
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Pleural Effusion and 

Pneumothorax
Steven A. Sahn John E. Heffner

INTRODUCTION

The accumulation of fluid or air within the pleural space
represents the most common clinical expression of pleural
disease. Radiographic evidence of a pleural effusion may
develop from a primary disorder of pleural membranes, a
complication of intrathoracic pathology, or a manifesta-
tion of an underlying systemic disease. A pneumothorax
may occur as a consequence of underlying lung disease or
traumatic injury to the lung or chest wall. The occurrence of
a pleural effusion or pneumothorax commonly represents
the initial clinical manifestation of an underlying thoracic
or extrathoracic disorder. A well-organized diagnostic ap-
proach to patients with pleural abnormalities provides a
specific etiologic diagnosis for the majority of patients who
present with these conditions.

Pleural effusions occur when (a) an increased inflow of
fluid into the pleural space outstrips the resorptive capacity
of pleural lymphatics, or (b) the pleural fluid resorptive
mechanisms become impaired. Transudative effusions have
low protein content and occur in patients with normal
pleural membranes. They result from increased pulmonary
capillary hydrostatic pressure (e.g., congestive heart fail-
ure), decreased oncotic pressure (e.g., nephrosis), translo-
cation of infradiaphragmatic fluid into the pleural space
(e.g., ascites), decreased intrapleural pressure (e.g., atelec-
tasis), or erosion of central lines through intrathoracic
venous structures. Less common causes of transudative ef-
fusions include constrictive pericarditis, trapped lung, and
superior vena cava syndrome. Exudative effusions result
from increased permeability of pleural capillaries to pro-
tein (e.g., pneumonia), introduction of chyle into the pleu-
ral space (chylothorax), impairment of lymphatic drainage
(mediastinal lymph node tumors), or obstruction of

lymphatic stomas on the parietal pleura (e.g., pleural
malignancy).

Pneumothoraces are categorized as spontaneous, trau-
matic, or iatrogenic (e.g., after barotrauma or invasive
procedures). Spontaneous pneumothoraces are further cat-
egorized as primary (occurring in patients without clini-
cally apparent lung disease) or secondary (occurring in
patients with underlying lung disease, such as chronic ob-
structive pulmonary disease).

This chapter outlines a clinical approach to the diagno-
sis and management of patients who present with a pleural
effusion or pneumothorax. Emphasis is placed on discrim-
inating between patients who require extensive diagnostic
evaluations and those who can be managed with observa-
tion or empiric therapy alone.

PLEURAL EFFUSIONS

Clinical Presentation

The cardinal symptom of pleural effusions is dyspnea,
which may first present as exertion-related shortness of
breath in patients with slowly developing effusions (malig-
nant effusions) or severe resting dyspnea in patients with
sudden-onset, rapidly progressing effusions (traumatic
hemothorax). Coexisting lung disease with chronic respira-
tory impairment allows smaller fluid collections to produce
earlier and more severe symptoms. Inflammatory condi-
tions of the pleural space cause pleuritic chest pain, which
may remit as enlarging fluid collections separate the visceral
and parietal pleural surfaces. Pleural mesotheliomas cause
a constant, nonpleuritic pain of the chest wall. Patients
are often asymptomatic and present with radiographic

60
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evidence of a small pleural effusion as an incidental finding.
Symptoms related to pleural effusions may be obscured by
underlying cardiopulmonary conditions, such as congestive
heart failure or pneumonia. Additional symptoms include
cough, positional dyspnea, and a “feeling of fullness or
heaviness” in the chest.

Physical findings include dullness to percussion,
egophony, and tubular breath sounds over atelectatic lung
regions just above the level of the effusion (Chapter 54).
Pleural rubs can occur in patients with pleural inflamma-
tion. Rubs are heard best over the posterolateral chest.

Differential Diagnosis and Initial Evaluation

In most patients, radiographic detection of a pleural effu-
sion warrants a diagnostic evaluation that utilizes imaging
studies and pleural fluid analysis. A decubitus chest radio-
graph that detects free-flowing fluid with 1 cm or more of
fluid layering indicates that thoracentesis can be performed
with minimal risk for complications. Failure of the decubi-
tus radiograph to detect free-flowing fluid does not exclude
a pleural effusion and indicates a need for ultrasonographic
or computed tomographic (CT) studies to detect loculated
fluid. Ultrasonography can confirm the presence of fluid,
demonstrate the thickness of pleural membranes, identify
the presence of loculations, and localize fluid collections
for thoracentesis. A contrast-enhanced chest CT can distin-
guish pleural fluid from pleural masses and underlying
parenchymal consolidation and abscesses. CT imaging may
also provide evidence of pleural inflammation, such as
pleural enhancement, thickened extrapleural subcostal tis-
sues, and increased attenuation of extrapleural fat. The res-
olution of CT imaging localizes loculations along the chest
wall and in the mediastinum. Conditions associated with
pleural effusions, such as mediastinal lymphadenopathy,
central line erosions through venous structures with medi-
astinal hygromas, and pleural calcifications, can be identi-
fied by CT.

The finding of a previously undiagnosed pleural effusion
mandates thoracentesis for pleural fluid analysis in the majority
of patients. Exceptions include patients with typical conges-
tive heart failure and clinically stable patients with asymp-
tomatic pleural effusions in the early postpartum or post-
operative period. These patients should be monitored for
resolution of pleural fluid.

Pleural fluid obtained by thoracentesis is analyzed for
gross appearance, which may be diagnostic or highly sug-
gestive of an underlying diagnosis in some clinical settings
(1, 2) (Table 60.1). Chemical analysis determines the ex-
udative or transudative nature of effusions, which narrows
the differential diagnosis. Exudates have been traditionally
defined by the presence of any one of the following find-
ings (Light’s criteria): (a) pleural fluid-to-serum protein
ratio above 0.5; (b) pleural fluid-to-serum lactate dehydro-
genase (LDH) ratio above 0.6; or (c) pleural fluid LDH
concentration above 67% of the laboratory’s upper limit of

normal for serum LDH. Pleural fluid LDH and pleural
fluid-to-serum LDH ratio are highly correlated, however,
because they both contain test results for the pleural fluid
LDH. Some experts, therefore, recommend using an “ab-
breviated Light’s criteria” that incorporates pleural fluid-to-
serum protein ratio and pleural fluid LDH (3).

Other studies have proposed a higher cut off point for
the pleural fluid LDH (�80% of the upper limits of the
laboratory normal value) to diagnose exudative effusions
(4). A meta-analysis determined that pleural fluid choles-
terol, pleural fluid-to-serum cholesterol ratio, and pleural
fluid-to-serum albumin gradient are about as accurate as
each of the three tests within Light’s criteria in identifying
exudates (3). Light’s criteria and other dichotomous test
strategies with single cut off points frequently misdiagnose
exudates in those patients with congestive heart failure who
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TABLE 60.1
GROSS APPEARANCE AND BIOCHEMICAL
ANALYSIS OF PLEURAL FLUID

Gross appearance
White, opaque Chylous or pseudochylous (cholesterol)

effusion
Purulent Empyema
Malodiferous Anaerobic empyema
Brown, red-brown, Empyema caused by Entamoeba

“anchovy” histolytica
Yellow-green Rheumatoid pleurisy
Black Empyema caused by Aspergillus niger
Ammonia odor Urinothorax

Biochemical analysis
Exudative criteria 1. PF LDH �67% upper limits of normal

serum or PF/S protein �0.5, and
2. PF LDH �67% upper limits of normal

serum LDH, or
PF protein �2.9 g/dL or PF
cholesterol �45 mg/dL.

Glucose �40 mg/dL Empyema, complicated parapneumonic
effusion, rheumatoid pleurisy,
malignant pleural effusion,
tuberculous pleurisy, lupus pleuritis.

Amylase-rich effusion Ruptured esophagus with or without
empyema (salivary amylase), acute
pancreatitis and pancreatic
pseudocyst (�100,000 IU/L) (both
pancreatic amylase). Malignant
pleural effusion (salivary)

PF/S creatinine �1 Urinothorax.
Triglyceride Chylothorax

�110 mg/dL
pH �7.30 Complicated parapneumonic effusion/

empyema, rheumatoid pleurisy, lupus
pleuritis, tuberculous pleurisy,
malignant effusion, esophageal
rupture

LDH, lactate dehydrogenase; PF, pleural fluid; S, serum.
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have clinical evidence of transudative effusions (5). Multi-
level likelihood ratios used in a Bayesian strategy more
accurately discriminate between exudative and transuda-
tive effusions (6) (Table 60.2). This strategy allows the fea-
tures of the patient’s clinical presentation to be integrated
with the pleural fluid test results.

Confirmation of a transudative effusion usually allows
the effusion to be attributed to a clinically apparent pro-
cess, such as congestive heart failure. In most patients, no
additional diagnostic evaluation is required. Exudative
pleural effusions require exclusion of parapneumonic effu-
sions related to an underlying pneumonia, pleural malig-
nancies, pleural tuberculosis, and pulmonary embolism.
Less common causes of pleural effusions, categorized by
their transudative or exudative nature, are listed in Table
60.3. Thoracentesis can definitively diagnose the cause of

pleural effusions in 25% of patients and help narrow the
differential diagnosis in an additional 50% (1).

Lymphocyte-predominant exudative pleural effusions
that remain undiagnosed after thoracentesis may require
closed pleural needle biopsy, especially if tuberculosis is
considered; closed pleural biopsy is less often positive
when the etiology is malignancy. The sensitivity of pleural
fluid cytology for the diagnosis of malignancy ranges from
60%–90%. Pleural fluid culture and pleural tissue culture
and histology has a sensitivity of up to 85% for tuberculo-
sis. Thoracoscopy can be performed in patients whose
condition remains undiagnosed, provided that a specific
diagnosis would provide clinically meaningful prognostic
or therapeutic information. Thoracoscopy by skilled opera-
tors has a sensitivity that approaches 100% for both pleu-
ral malignancy and tuberculosis.
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TABLE 60.2
MULTILEVEL LIKELIHOOD RATIOS FOR LIGHT’S CRITERIA IN DETERMINING THE POSTTEST
PROBABILITY OF AN EXUDATIVE EFFUSION

Protein ratio MLR LDH PF MLR LDH ratio MLR

�0.70 168.65 �1.00 44.33 �1.10 38.92
0.66–0.70 53.26 0.91–1.00 10.09 1.01–1.10 16.71
0.61–0.65 6.92 0.81–0.90 2.17 0.91–1.00 5.92
0.56–0.60 3.02 0.71–0.80 3.60 0.81–0.90 1.99
0.51–0.55 1.78 0.61–0.70 2.12 0.71–0.80 1.34
0.46–0.50 0.49 0.51–0.60 0.64 0.61–0.70 0.99
0.41–0.45 0.28 0.41–0.50 0.43 0.51–0.60 0.46
0.36–0.40 0.12 0.31–0.40 0.26 0.41–0.50 0.18
0.31–0.35 0.06 0.21–0.30 0.07 0.31–0.40 0.08
�0.30 0.04 �0.20 0.04 �0.30 0.05

Protein ratio denotes pleural fluid-to-serum protein ratio; LDH denotes lactate dehydrogenase; LDH PF denotes pleural fluid LDH; LDH ratio
denotes pleural fluid-to-serum LDH; MLR denotes multilikelihood ratio. To use the table in practice, let’s work through a hypothetical example:

A patient with congestive heart failure presents with a pleural effusion. After diuresis, the effusion persists and thoracentesis is performed.
Results for Light’s criteria are shown below:

• Pleural fluid-to-serum protein ratio � 0.45
• Pleural fluid LDH (fraction of upper limit laboratory normal) � 0.65
• Pleural fluid-to-serum LDH ratio � 0.75

By Light’s criteria, the pleural fluid is an exudate because the pleural fluid-to-serum LDH ratio is greater than 0.6. The physician, however, has
a low suspicion of an exudate and suspects that the patient has a transudate due to heart failure. The physician estimates the pretest
probability of an exudate as only 20% and uses serial multilevel likelihood ratios to calculate the posttest probability of an exudate.

The physician first calculates the pretest odds of an exudate using the formula, pretest odds � pretest probability/(1 � pretest probability) �
0.20/(1 � 0.20) � 0.25.

The physician then refers to Table 60.2 to find the multilevel likelihood ratio related to each of the patient’s pleural fluid test results:

• Pleural fluid-to-serum protein ratio of 0.45 � multilevel likelihood ratio of 0.28
• Pleural fluid LDH of 0.65 � multilevel likelihood ratio of 2.12
• Pleural fluid-to-serum LDH ratio of 0.75 � multilevel likelihood ratio of 1.34

The physician can now calculate a posttest odds by multiplying the pre-test odds by each of the multilevel likelihood ratios:

0.25 � 0.28 � 2.12 � 1.34 � 0.20

The physician now calculates the posttest probability of an exudate from the posttest odds with the equation, posttest probability � posttest
odds/(1 � posttest odds) � 0.17 or 17%. (See Chapter 6 for more on Bayesian reasoning.)

With the use of serial multilevel likelihood ratios, the patient’s pleural fluid test results decreased the physician’s pretest estimate of the
probability that the patient has an exudate (from 20% to 17%).
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Parapneumonic effusions, which are effusions that occur
in association with pneumonia, may respond to antibiotics
alone (uncomplicated parapneumonic effusions) or require
drainage (complicated parapneumonic effusions) to prevent
progression to an empyema (frank intrapleural pus). A
Bayesian approach (Chapter 6) to determining the need for
drainage on the basis of pleural fluid biochemical results and
the patient’s clinical features is shown in Figure 60.1 (2).

Indications for Hospitalization

Most patients with pleural effusions who require hospital-
ization are admitted because of the underlying condition
that caused the effusion rather than because of the effu-
sion itself. Patients with symptoms caused by a large,
slowly progressive effusion who do not otherwise require
hospitalization usually can be stabilized with a therapeu-
tic thoracentesis in the emergency department or office.
Massive pleural effusions, rapidly progressing effusions,
hemothoraces, cardiopulmonary symptoms that do not
improve after thoracentesis, a trapped lung associated
with moderate-to-severe respiratory symptoms, and para-
pneumonic effusions or empyemas represent indications
for hospitalization.

Indications for Intensive Care Unit Admission

Pleural effusions by themselves rarely merit admission to
an ICU. However, large, bilateral effusions can cause respi-
ratory failure, especially in patients with underlying pul-
monary dysfunction. Spontaneous hemothoraces compli-
cating anticoagulation therapy or pleural malignancies
require close hemodynamic monitoring and observation
for the need for emergency thoracotomy. Patients in whom
pulmonary edema develops after large-volume thoracente-
sis (“reexpansion” pulmonary edema) may benefit from
short-term observation in a subacute care unit or ICU.

Initial Therapy

The therapy for pleural effusions depends on the underly-
ing etiology of the pleural fluid collection. Patients with
transudative pleural effusions require management of the
underlying condition. With vasodilator and diuretic ther-
apy for congestive heart failure (Chapter 39), for instance,
pulmonary edema will generally resolve in a few days, and
any associated pleural effusion will resolve a few days later.
Patients with translocation of ascitic fluid into the pleural
space may improve after paracentesis. Rare patients with
chronic, symptomatic transudative pleural effusions unre-
sponsive to therapy may benefit from either chemical pleu-
rodesis to obliterate the pleural space or the placement of
long-term, indwelling pleural drainage catheters.

Parapneumonic and malignant pleural effusions com-
monly require therapeutic interventions directed at the
pleural space. For patients with parapneumonic effusions,
urgent drainage must be considered. Delayed drainage in
patients with complicated parapneumonic effusions pro-
longs hospitalization and worsens clinical outcome (7).
Free-flowing, complicated parapneumonic effusions of low
viscosity respond to chest tube drainage in 60%–90% of pa-
tients. When the effusion is not free-flowing, percutaneous
catheters can be inserted into loculi under ultrasono-
graphic or CT guidance and are highly effective in properly
selected patients. Patients with parapneumonic effusions
who fail to respond to chest tube drainage because of vis-
cous effusions or intrapleural loculations may improve
with the intrapleural instillation of fibrinolytic agents, such as
streptokinase and urokinase (8). Although the use of these
agents is not supported by large prospective, randomized,
placebo-controlled trials, uncontrolled case series suggest
that loculated, viscous pleural fluid can be drained and sur-
gical interventions avoided in some patients. Measurable
systemic fibrinolysis does not occur with the intrapleural
instillation of these agents.

Patients with parapneumonic effusions who fail chest
tube drainage may be candidates for video-assisted thoraco-
scopic surgery (VATS) if extensive pleural fibrosis and progres-
sion to a frank empyema have not occurred. More extensive,
“organized” empyema (�6 weeks in duration) requires a
standard thoracotomy with decortication. Open drainage
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TABLE 60.3
CAUSES OF TRANSUDATIVE AND EXUDATIVE
PLEURAL EFFUSIONS

Transudative
Congestive heart failure
Hepatic hydrothorax
Nephrotic syndrome
Urinothorax
Pulmonary embolism (up to 23% of patients with pulmonary

emboli)
Central venous catheter eroded through vascular structures (saline

infusion)
Atelectasis
Trapped lung
Constrictive pericarditis
Duro-pleural fistula (cerebrospinal fluid leak)

Exudative
Parapneumonic effusions and empyemas
Malignancy
Tuberculosis
Chylothorax
Pulmonary infarction
Hemothorax
Collagen vascular disease (rheumatoid arthritis, systemic lupus

erythematosus)
Yellow-nail syndrome
Drug-induced effusions
Pancreatitis and pancreatic pseudocyst
After cardiac injury syndrome
After coronary artery bypass surgery
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with rib resection is an alternative surgical procedure for ex-
tremely ill patients who are not candidates for decortication
and have localized collections of pleural pus. The key to suc-
cessful management is early and effective drainage of the
pleural space that results in the complete removal of in-
trapleural pus and apposition of the lung to the chest wall.

Hospitalized patients with malignant exudative pleural
effusions may require therapeutic thoracentesis if symp-
toms of dyspnea or decreased exercise tolerance are at-
tributable to pleural fluid. Removal of a large volume
(�500 cc) of fluid during a single thoracentesis may result
in reexpansion pulmonary edema, especially in patients with
ipsilateral mediastinal shift, which suggests the presence of
an obstructing endobronchial lesion or trapped lung. This
complication is uncommon if the thoracentesis is inter-
rupted as soon as patients experience chest discomfort,
mild dyspnea, or cough. Patients with recurrent malignant
pleural effusions may be candidates for pleurodesis, a proce-
dure in which the effusion is first drained and then a chem-
ical agent is instilled through the chest tube to cause pleural
inflammation and fibrosis. Available compounds include
talc slurry, bleomycin, and doxycycline (9). Talc (5 g) has
the lowest cost ($6–$12 per treatment) and the highest ef-
ficacy (90%–95%), as demonstrated in uncontrolled stud-

ies. It is usually well tolerated, although a small number of
patients (�1%) experience life-threatening respiratory fail-
ure with its use. Doxycycline has a success rate of
75%–90% and is not associated with serious adverse reac-
tions. Bleomycin is the least effective of these three agents
and has a drug acquisition cost of $800–$1,000 per treat-
ment. Most experts recommend the use of talc slurry or
doxycycline for chemical pleurodesis by chest tube. Pleu-
rodesis can also be performed by thoracoscopy with talc
poudrage (the insufflation of dry talc). Thoracoscopic pleu-
rodesis has the advantage over chest tube pleurodesis of al-
lowing the lysis of pleural adhesions that interfere with
lung reexpansion. A chronic indwelling catheter, which al-
lows the pleural space to drain to relieve dyspnea, results in
spontaneous pleurodesis (over a median time period of
about 1 month) in 40%–50% of patients (10).

PNEUMOTHORAX

Primary Spontaneous Pneumothorax

Primary spontaneous pneumothorax (PSP) has an esti-
mated incidence of 2.5–18 cases per 100,000 persons. PSP
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Figure 60.1 Algorithm for selecting patients for drainage of a parapneumonic effusion according
to pleural fluid chemical analysis results.

Estimate the risk that pleural fluid will progress to
empyema or the patient will experience a bad outcome

if drainage is inappropriately withhelda

High risk patient Low risk patient

Pleural fluid pH <7.30

a Risk Factors for Empyema or Bad Outcome in Parapneumonic Effusion:
• Large effusion (>40% of hemithorax)
• Positive pleural fluid Gram stain or culture
• Multiple pleural loculations
• Toxic/unstable patient with limited cardiopulmonary reserve
• Presence of a virulent pathogen (e.g., Staphyloccus aureus, Klebsiella pneumoniae, or

Pseudomonas aeruginosa)

Pleural fluid pH ≥7.30 Pleural fluid pH ≤7.21 Pleural fluid pH >7.21

Initiate drainage Treat with antibiotics
alone and monitor
patient closely for
resolution of the 
effusion and signs

of systemic
inflammation

Treat with antibiotics
alone and monitor
patient closely for
resolution of the

effusion and signs
of systemic

inflammation

Initiate drainage
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most commonly occurs in tall, thin men between the ages
of 10 and 30 years. Smoking increases the risk for pneu-
mothorax approximately 20-fold in males.

PSP occurs most commonly when an apical pleural bleb
ruptures. The blebs are usually acquired as a result of
bronchial inflammation but may be congenital. Abrupt
changes in barometric pressure have been associated with
an increased incidence of spontaneous pneumothorax.
About 10% of patients with PSP have an associated small
hemorrhagic pleural effusion that may be related to pleural
injury from rupture of the bleb or traction on adhesions.

Clinical Presentation

About 90% of cases of PSP occur at rest. The most common
symptoms are ipsilateral pleuritic chest pain (96%) and
acute dyspnea (80%). The severity of the pain varies from
mild to severe and has been described initially as sharp and
later as a steady ache. Cough occurs in 10% of patients.
Despite the persistence of the pneumothorax, symptoms
frequently abate spontaneously by 24 hours. A regular
tachycardia is the most common physical finding. There
may be reduced chest wall excursion ipsilaterally, a hyper-
resonant percussion note, absent fremitus, and reduced
breath sounds. With a small pneumothorax, chest exami-
nation findings may be normal (Chapter 54).

The diagnosis is usually confirmed by visualization of the
visceral pleural line removed from the chest wall on an up-
right posteroanterior chest radiograph; however, an end-
expiratory radiograph or a lateral decubitus radiograph with
the affected side in the superior position may be necessary to
identify the pneumothorax. An arterial blood gas determi-
nation typically shows mild-to-moderate hypoxemia and a
respiratory alkalosis. In PSP, there is a reduction in forced vi-
tal capacity, impaired ventilation–perfusion matching, and
some shunting, depending on the size of the pneumothorax.

The risk for recurrence following the initial PSP has been
reported to be 32%–52%, and the recurrent PSP is usually
ipsilateral. The recurrence rate increases with each subse-
quent pneumothorax and does not appear to be affected by
standard chest tube drainage.

Secondary Spontaneous Pneumothorax

A number of pulmonary disorders are associated with SSP
(Table 60.4). Secondary spontaneous pneumothorax is most
commonly associated with chronic obstructive pulmonary
disease. The incidence of SSP is similar to that of PSP; how-
ever, the peak incidence occurs in the seventh decade of life.

Secondary spontaneous pneumothorax can be caused
by hyperexpansion of the distal air spaces from obstruction
or inflammation in the airways. This leads to alveolar rup-
ture and retrograde movement of air along the bron-
chovascular sheath to the mediastinum, with eventual rup-
ture through the mediastinal parietal pleura. A second
mechanism is rupture of the visceral pleura from an in-
flammatory parenchymal process.

Clinical Presentation

Dyspnea is more severe in SSP than in PSP because of the
impaired pulmonary reserve. Chest pain appears to be both
less common and less severe. Life-threatening hypoxemia
or hypotension occurs in about 15% of patients. In contrast
to the symptoms of PSP, those of SSP typically do not re-
solve spontaneously.

The underlying lung disease may result in subtle physi-
cal findings. Clinical suspicion of pneumothorax should
remain heightened in patients with chronic obstructive
pulmonary disease in whom dyspnea and unilateral chest
pain develop. However, the presence of underlying lung
disease often makes radiographic identification of the vis-
ceral pleural line more problematic. Pleural adhesions may
result in loculated pneumothoraces, and the edge of a large
bulla may simulate the visceral pleural line. In critically ill
patients, the supine radiograph will show the pneumo-
thorax gas in a juxtacardiac position or in the costophrenic
sulcus, where it may produce a “deep sulcus” sign. CT may
be necessary to diagnose pneumothorax in these patients
(Chapter 54).

Arterial blood gas measurements in the patient with SSP
generally show significant hypoxemia and hypercapnia.
The recurrence rate is similar to that for PSP.

Iatrogenic Pneumothorax

Iatrogenic pneumothoraces are complications of diagnostic
and therapeutic procedures and are caused by transthoracic
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TABLE 60.4
CAUSES OF SECONDARY SPONTANEOUS
PNEUMOTHORAX

Diseases of the airways
Chronic obstructive pulmonary

disease
Cystic fibrosis
Status asthmaticus

Interstitial lung disease
Langerhans cell granulomatosis
Sarcoidosis
Lymphangioleiomyomatosis
Tuberous sclerosis
Rheumatoid disease
Idiopathic pulmonary fibrosis
Radiation fibrosis

Infectious diseases
Necrotizing gram-negative

pneumonia
Anaerobic pneumonia
Staphylococcal pneumonia
AIDS with pneumocystis

pneumonia
Mycobacterium tuberculosis

infection

Malignancy
Sarcoma
Lung cancer

Other
Catamenial
Pulmonary infarction
Wegener’s granulomatosis
Marfan syndrome
Ehlers-Danlos syndrome
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needle biopsies, subclavian venous catheter insertions, tho-
racentesis, pleural biopsy, transbronchial lung biopsy, and
mechanical ventilation (Chapter 23).

Tension Pneumothorax

Tension develops in a pneumothorax when the pleural
pressure exceeds atmospheric pressure during the entire
respiratory cycle because of an unidirectional flow of air
from the lung into the pleural space. Tension pneumo-
thorax can be fatal if not treated promptly. Air continues to
accumulate in the pleural space from a “check-valve” mech-
anism. Experimental studies suggest that the circulatory
collapse in tension pneumothorax is related to decreased
oxygen delivery to tissues as a result of hypoxemia rather
than impaired venous return. Tension pneumothorax
occurs in about 1%–2% of cases of spontaneous pneumo-
thorax and more commonly in traumatic pneumo-
thorax and pneumothorax occurring with positive pres-
sure ventilation.

Clinical Presentation

The patient with a pneumothorax under tension presents
with severe respiratory distress, cyanosis, marked tachycar-
dia, and hypotension. The ipsilateral hemithorax may be
noticeably larger. It can be problematic to differentiate be-
tween the involved and uninvolved hemithorax, and the
predominant symptoms may be related to hemodynamic
instability rather than respiratory distress.

The characteristic triad of tension pneumothorax on
chest radiograph includes contralateral mediastinal shift,
depression of the ipsilateral diaphragm, and lung collapse.

Management of Tension Pneumothorax

Immediate decompression of the involved hemithorax is manda-
tory to save the patient’s life. With decompression, there is an
immediate fall in heart rate and respiratory rate and
restoration of the blood pressure. Valuable time should not
be wasted awaiting results of radiologic studies, as the
clinical presentation is usually highly suggestive of the di-
agnosis. A large-bore catheter should be inserted into the
pleural space of the suspected hemithorax through the sec-
ond anterior intercostal space. A rush of air seen or heard
bubbling through a fluid-filled syringe confirms the diag-
nosis; symptoms should improve rapidly. A large-bore
chest tube should then be inserted without delay.

Management of Spontaneous Pneumothorax

The initial goal in the management of pneumothorax is to
remove air from the pleural space and to reexpand the lung,
with a secondary goal of preventing recurrence. After the
pneumothorax gas equilibrates with tissue gases, a small

nitrogen gradient for absorption exists and the pneumo-
thorax gas is absorbed from the pleural space at a rate of
1.25% of the volume of the hemithorax daily. Figures 60.2
and 60.3 are algorithms for the initial management of pa-
tients with PSP and SSP, respectively.

Observation

Patients with a small PSP (�15%) usually do not require
pleural space drainage if they are asymptomatic, have
normal vital signs, are under age 40, and have no other ab-
normalities on chest radiograph. In addition, the pneu-
mothorax must have occurred within the previous 24
hours, and there should be no radiographic progression
during 6 hours of observation in the emergency depart-
ment. These patients may be discharged from the emer-
gency department and reevaluated with a chest radiograph
in 24–48 hours.

All patients with SSP should be admitted to the hospital,
and virtually all will require chest tube drainage. Rare patients
with small SSPs can be initially observed without tube tho-
racostomy if they are asymptomatic with normal vital
signs, if no progression is shown on a repeat chest radio-
graph 6 hours later, and if the patient is not a candidate for
pleurodesis. However, most patients with SSP have signifi-
cant symptoms, and therefore observation alone is usually
not an option.

Supplemental Oxygen

Administration of supplemental oxygen results in a four-
fold increase in pleural gas absorption. Oxygen causes a
washout of nitrogen from the blood and reduces total pleu-
ral capillary gas pressure, which significantly increases the
nitrogen gradient across the pleura.

Simple Manual Aspiration

Simple manual aspiration has a success rate similar to that
of intercostal tube drainage for patients with their first PSP
(10). Catheter aspiration is simple, causes less morbidity
than chest tube insertion, and when successful does not re-
quire hospitalization.

A catheter is placed in the pleural space by either a catheter-
over-needle device or the modified Seldinger technique
(Chapter 27). With a 50-mL syringe attached to a three-way
stopcock, air is removed until resistance occurs or 4 L of air
has been aspirated, the latter defining a persistent leak neces-
sitating chest tube drainage. An aspiration is successful when
the pneumothorax resolves symptomatically and radio-
graphically without evidence of a persistent air leak.

Catheter aspiration is most likely to be successful in PSP
when the pneumothorax is several days old, which in-
creases the likelihood that the air leak has stopped. Simple
aspiration should not be used for SSP because of the higher
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likelihood of persistent air leak and the more precarious
state of the patient.

Chest Tube Drainage

Tube thoracostomy is the treatment of choice for virtually
all patients with SSP, with the exception of stable, asymp-
tomatic patients with small (�15%) pneumothoraces who
would not be candidates for pleurodesis.

The majority of patients with a spontaneous pneumo-
thorax can be treated with small thoracostomy tubes (8F to
16F). Drainage of the pleural space can be accomplished
with either a Heimlich valve or a water seal. Some physi-
cians apply suction to the system immediately, whereas
others reserve this option for cases in which complete ex-
pansion is not attained by 24 hours. When the lung is com-
pletely expanded on chest radiograph, the air leak has
ceased, and the drainage system is deemed functional, the
tube can be removed within the next 24–48 hours. Some
clinicians prefer to clamp the tube for a period of time; oth-
ers simply observe with continued suction. Randomized
trials are not available to help inform this decision.

Chemical Pleurodesis Through a Chest Tube

When standard chest tube or small-bore catheter placement
has resulted in complete lung expansion, a chemical agent
can be instilled into the pleural space in an attempt to cre-
ate pleurodesis. Chemical pleurodesis was commonly per-
formed for spontaneous pneumothorax in the past, but it
has now been largely supplanted by video-assisted thora-
coscopic surgery (VATS) with pleurodesis.

Thoracoscopy

VATS has become the preferred alternative to standard tho-
racotomy to identify and repair the visceral pleural lesion
in patients with SSP and patients with recurrent PSP (11).
Wedge resection of the blebs can be accomplished with an
endoscopic stapler, or ablation of the blebs with an
Nd:YAG (neodymium:yttrium-aluminum garnet) laser.
When the bleb is identified and repaired, followed by pleu-
ral abrasion or talc poudrage, the recurrence rate ap-
proaches zero. VATS also requires only a short hospital
stay, is associated with low morbidity, and has a high rate
of patient acceptance. Axillary thoracotomy has similar
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Figure 60.2 Initial management of a hypothetical patient with primary spontaneous pneumothorax.
aSuccessful catheter aspiration: Air is withdrawn from the pleural space until no more can be
aspirated and CXR reveals complete lung expansion.
ABG, arterial blood gas; CXR, chest X-ray; PNX, pneumothorax; RA, room air.

25-year-old man with dyspnea & chest pain

CXR confirms PNX
ABG (RA): 7.48/30/75

Size of PNX <15%

No symptoms Symptoms

• No other CXR abnormalities
• No progression over 6 hours

of observation

Discharge home with repeat
CXR in 24–48 hours

Size of PNX ≥15%

Catheter aspiration

Successa

Failure

• Admit to hospital
• Chest tube drainage

Administer 100% O2
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efficacy and safety to VATS and is preferred where VATS is
not available (12).

For patients with their first PSP treated with chest tubes,
spontaneous resolution of air leaks tends to occur by 48
hours. There is little to be gained in PSP, therefore, by con-
servative treatment of air leaks that persist for longer than
72 hours. In contrast, the relatively high surgical risk for pa-
tients with SSP and severe underlying lung dysfunction
may prompt a longer trial (7–10 days) of chest tube
drainage before proceeding to VATS or limited thoractomy.

Surgical intervention (VATS) is indicated in patients
with recurrent pneumothoraces, persistent air leak, bilat-
eral pneumothoraces, and a single episode of pneumo-
thorax when a recurrence is thought to put the patient at
great risk. Because spontaneous pneumothorax is usually
poorly tolerated in patients with underlying lung disease,
most patients with SSP qualify for pleurodesis after their
first episode. A recent decision-analysis indicated that VATS
could be optimal therapy for the first episode of PSP in
men who fail simple manual aspiration (13). Patient pref-
erences should determine whether VATS is performed after
the first or second PSP.

COST CONSIDERATIONS AND
RESOURCE USE

The treatment of patients with recurrent spontaneous pneu-
mothorax should be individualized and guided by expert

opinion, as few randomized, controlled trials have been
performed. Simple aspiration in the Emergency Department
allows many patients with PSP to avoid hospitalization.

KEY POINTS

■ Discriminating between pleural fluid exudates and tran-
sudates is the first step in evaluating pleural effusions.

■ The “abbreviated Light’s criteria” using pleural fluid-to-
serum protein and pleural fluid LDH has similar diag-
nostic performance to the traditional 3-component
Light’s criteria.

■ Confirming a transudate generally narrows the differen-
tial diagnosis to a clinically apparent process.

■ Factors that indicate a need for drainage of a nonpuru-
lent parapneumonic effusion include a large effusion
(�40% of hemithorax), a positive pleural fluid Gram’s
stain or culture, multiple loculations, a low pleural fluid
pH or glucose level, and a high pleural fluid level of lac-
tate dehydrogenase.

■ Therapeutic thoracentesis should be performed cau-
tiously in the patient with a large pleural effusion and
ipsilateral mediastinal shift, as there is a high risk of
unilateral plumonary edema.

■ Primary spontaneous pneumothoraces occur most com-
monly in tall, thin male smokers in the second and third
decades of life; they recur in 30%–50% of patients.

■ Simple aspiration can be successful in primary sponta-
neous pneumothorax (and hospitalization avoided) if
clinical evaluation suggests that the air leak has stopped.

■ Tube thoracostomy is the treatment of choice for
virtually all patients with secondary spontaneous
pneumothorax.

■ Video-assisted thoracoscopic surgery (VATS) is the pre-
ferred surgical procedure for recurrent spontaneous
pneumothorax; the recurrence rate approaches zero if
the bleb is identified and treated. Most patients with
SSP should undergo pleurodesis after their first pneu-
mothorax.
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Figure 60.3 Initial management of a hypothetical patient with
secondary spontaneous pneumothorax.

60-year-old man with COPD, severe
dyspnea, and mild chest pain

CXR confirms pneumothorax
ABG (RA): 7.30/48/50

• Dyspnea improved
• ABG improved 

O2 via nasal cannula at 2 L/min

Chest tube insertion to water seal drainage

Admit to hospital

• Dyspnea not improved
• ABG with progressive

hypercapnia and increased
O2 requirements

Admit to ICU
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Pulmonary Nodules

and Mass Lesions
Michael K. Gould Glen A. Lillington

INTRODUCTION

In this chapter, we discuss three categories of spherical in-
trapulmonary lesions, with a particular focus on the hospi-
talized patient: (a) the solitary pulmonary nodule (SPN), a
spherical and fairly well-circumscribed radiographic opac-
ity with a diameter of 3 cm or less; (b) the pulmonary mass
lesion, which is roughly spherical and fairly well circum-
scribed but greater than 3 cm in diameter; and (c) multiple
nodules, which are spherical and may be of different sizes.
As the management of patients in the three categories dif-
fers considerably, we discuss each separately.

SOLITARY PULMONARY NODULES

The SPN is a spherical radiographic opacity that measures
up to 30 mm in diameter. Use of the term “solitary” indi-
cates that there is only one nodule and that there is no
associated atelectasis, post-obstructive pneumonia, medi-
astinal widening or pleural effusion. We further distinguish
nodules that measure less than 8–10 mm in diameter
because they are difficult to biopsy or characterize by imag-
ing tests. Most of these “sub-centimeter” nodules are
detected incidentally on chest computed tomography (CT)
and should be managed by repeating the CT scan every 3–6
months to check for growth, although the optimal interval
for follow-up has not been determined.

About 20%–40% of SPNs that measure between 8
and 30 mm in diameter are malignant, mostly bron-
chogenic carcinomas (Table 61.1). Benign nodules are usu-
ally healed granulomas or benign tumors, but a variety of
uncommon types include noninfectious granulomas, para-
sitic lesions, healed infarcts, and pulmonary arteriovenous
malformations (1).

The primary management goal is to resect malignant
nodules promptly while avoiding thoracotomies for be-
nign nodules. Some nonmalignant SPNs require prompt
investigation and treatment, however, particularly when
they occur in immunocompromised patients.

Diagnostic Techniques

Most SPNs are incidentally found by chest radiography,
which can detect most nodules that measure at least 1 cm
in diameter. Ideally, nodules located within the chest
should be visible in more than one radiographic projec-
tion, but nodules are sometimes difficult to visualize in the
lateral view. Occasionally, nipple shadows, skin tumors or
articular surfaces of ribs can be mistaken for pulmonary
nodules. In these circumstances, repeated films in which
nipple markers or apical lordotic projections are used will
typically help differentiate normal anatomic structures
from nodular parenchymal abnormalities.

In general, plain radiography provides few clues regard-
ing etiology. Larger nodules and those with irregular, spic-
ulated margins are more likely to be malignant. Although
the sensitivity of chest radiography for detecting intra-
nodular calcification is only 50% (2), certain patterns of
calcification (central, laminated, diffuse and “popcorn”)
strongly point to a benign diagnosis. These nodule charac-
teristics are often better evaluated by computed tomogra-
phy (CT). Rarely, a (non-solitary) nodule is associated with
an ipsilateral pleural effusion, mediastinal fullness, or
atelectasis from bronchial obstruction, in which case bron-
chogenic carcinoma is likely.

Prior chest radiographs provide crucial information
about nodule growth or stability over time. Thus, a critically
important first step in SPN diagnosis is to locate any old
films for radiographic comparison.

61
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Computed tomography of the thorax is usually advisable.
This provides accurate information about the diameter of a
nodule, the pattern of any calcification present, the charac-
teristics of the nodule edge, and the presence or absence of
hilar/mediastinal adenopathy. The latter has important im-
plications for staging in patients with malignant nodules,
although CT is neither sensitive nor specific for identifying
mediastinal metastases (3). Selected high-resolution sec-
tions will show attenuation patterns within the nodule,
which in some cases (e.g., hamartoma) may be diagnostic.
Although the technique is not widely used in current clini-
cal practice, a multicenter study of CT with dynamic con-
trast enhancement showed that absence of contrast en-
hancement (�15 Hounsfield units) strongly predicted a
benign diagnosis (4).

Positron emission tomography (PET) is a newer and poten-
tially useful functional imaging test for pulmonary nodule
diagnosis. The sensitivity and specificity of PET for detect-
ing malignancy are approximately 94% and 83%, respec-
tively (5). The technique is also useful for detecting tumor
involvement in the hilar/mediastinal lymph nodes and in
distant organs (6).

Non-thoracotomy biopsy of the SPN often differentiates
malignancy from benignity. Bronchoscopic biopsy is rela-
tively insensitive unless the nodule is central in location
and large. Transthoracic needle aspiration biopsy (TTNAB)
under CT guidance is very helpful when it reveals a specific
benign or malignant diagnosis, but nondiagnostic results
and pneumothorax requiring chest tube placement can be
expected in approximately 20% and 5% of cases, respec-
tively (7). With the use of appropriate techniques and nee-
dles, it is possible to establish a specific diagnosis by
TTNAB in about 50% of patients with benign nodules. The
diagnostic yield for malignancy is over 90%, although the
yield depends on several factors, including the size and
location of the nodule.

Thoracotomy is required in some cases to establish the
diagnosis, and it is particularly useful if the probability of

cancer is high. In recent years, video-assisted thoracoscopic
surgery (VATS) has become increasingly favored over clas-
sic thoracotomy for biopsy and resection of peripheral
nodules. Most thoracic surgeons convert the VATS proce-
dure to a classic thoracotomy when malignancy is identi-
fied on frozen section (8).

Issues at the Time of Admission

By definition, patients with solitary pulmonary nodules are
asymptomatic, and therefore the presence of an SPN is not
in itself an indication for admission to the hospital. In
most cases, the symptoms and signs that have resulted in a
hospital admission are caused by an unrelated disease pro-
cess that will dominate investigation and management.
Investigation of the coexistent (“incidental”) SPN, al-
though important, is usually deferred, at least temporarily.

Occasionally, the pulmonary nodule and the clinical
syndrome that prompted hospital admission will appear to
be related and must be investigated concurrently. Several
clinical patterns may be encountered in which such a rela-
tionship appears likely.

Remote Metastases Pattern

Metastatic deposits from a malignant nodule may be
regional or distant. Regional metastases may result in supe-
rior vena cava obstruction or upper airway obstruction due
to tracheal compression. The diagnostic clue is the detec-
tion on chest CT of extensive mediastinal adenopathy.
Distant (remote) tumor deposits may result in a variety of
neurologic, hepatic, skeletal, and adrenal syndromes. For
patients with non-small cell lung cancer, appropriate imag-
ing studies should be ordered when one of these syn-
dromes is suggested by a thorough history and physical
examination. Although biopsy of metastatic lesions usually
confirms the diagnosis, TTNAB of the SPN itself may occa-
sionally be necessary.

Paraneoplastic Syndrome Pattern

Paraneoplastic syndromes secondary to bronchogenic car-
cinoma may be the impetus for hospital admission. These
syndromes may include symptomatic hypercalcemia, inap-
propriate secretion of antidiuretic hormone (SIADH),
Cushing’s syndrome, cerebrocerebellar dysfunction, gy-
necomastia, and pseudomyasthenia. The clinical character-
istics usually suggest the diagnosis, and biopsy evidence of
malignancy is confirmatory.

Immunosuppression Pattern

An SPN may be a manifestation of an opportunistic infec-
tion, particularly in AIDS patients (9) and organ transplant
recipients (10, 11). Other lung lesions are often present.
Tests include sputum cultures, blood cultures, bronchoscopy
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TABLE 61.1
ETIOLOGY OF SOLITARY PULMONARY
NODULES

Malignant

Bronchogenic carcinoma 30%
Carcinoid tumors 5%
Solitary metastases 5%

Benign

Healed granulomas 35%
Granulomatous infection or inflammation, active 15%
Benign tumors (e.g., hamartoma) 5%
Miscellaneous causes 5%

26410 ch 061  3/11/05  4:26 PM  Page 588



with collection of bronchoalveolar lavage fluid, trans-
bronchial needle aspiration, and TTNAB. The sensitivities of
all these tests are low, and in some instances, a thoracotomy
may be needed to determine the etiology. Empiric antibiotic
therapy is often advisable if there is evidence of infection.

Incidental Nodule Pattern

In most hospitalized patients with an SPN, the clinical cir-
cumstances indicate that the nodule is incidental to the ill-
ness that precipitated hospital admission. If it seems likely
that the two problems are unrelated, the prudent course is
to diagnose and treat the acute illness and defer investiga-
tion of the nodule until the acute illness is resolving.

An incidental SPN may be detected in patients admitted
to the hospital for acute coronary syndrome. If coronary
bypass surgery seems necessary, the usual practice has been
to defer consideration of the nodule until the patient has
recovered from the cardiac surgery. However, if the proba-
bility that the nodule is malignant is high, resection of the
nodule at the time of the cardiac procedure may be a rea-
sonable alternative in selected cases (12).

Similarly, patients admitted to the hospital for lung
volume reduction surgery (Chapter 58) have a concomi-
tant SPN in up to 10% of cases. The nodule can be
resected during the volume reduction procedure in
selected instances (13).

Issues During the Course of Hospitalization

Once the illness for which the patient was hospitalized is
being resolved, attention may be turned to the SPN. If it is
still present and unchanged after therapy for the acute ill-
ness, further investigation is warranted. This can be initi-
ated in the hospital and completed on an outpatient basis.

Two features that indicate a very high probability of be-
nignity are (a) radiologic detection of intranodular calcifica-
tion in a benign pattern, and (b) stability (no increase in size
during a period of at least 2 years, as determined by serial
chest roentgenograms). In either of these cases, exploratory
thoracotomy can usually be deferred, but obtaining serial
chest roentgenograms or CT scans every 6 months for an-
other year or two is usually prudent, especially in patients
with small nodules (14).

Management strategies for the uncalcified nodule of un-
known stability include (a) prompt thoracotomy, (b) non-
surgical biopsy of the nodule, and (c) observation (“wait
and watch”), a prospective determination of stability
through serial chest roentgenograms. If the choice is to pur-
sue nonsurgical biopsy of a solitary nodule, many studies
have shown that TTNAB has a much greater sensitivity for
malignancy than bronchoscopy since most solitary nod-
ules are located peripherally.

While most clinicians use intuition to estimate the clini-
cal likelihood (or pretest probability) of malignancy in a
given patient, more precise estimates can be obtained by

using one of several quantitative models that have been de-
veloped (15–17). Although the calculated probabilities of
cancer do not permit an exact separation of malignant from
benign nodules, they are useful for guiding management.
For example, a decision analysis showed that watchful wait-
ing was preferred when pretest probability of cancer was less
than 3%; surgery was preferred when pretest probability was
greater than 68%; and needle biopsy was preferred at inter-
mediate probabilities, although the choice of strategy was a
“close call” (18). A more recent cost-effectiveness analysis
(19) concluded that PET imaging is now preferred over nee-
dle biopsy when the probability of malignancy falls in the
range between 20% and 68% (Figure 61.1).

SPHERICAL MASS LESIONS

For purposes of this presentation, a mass lesion is defined
as a roughly spherical and well-circumscribed opacity of
the lung that is greater than 3 cm in diameter. Mass lesions
have somewhat different etiologies than SPNs (Table 61.2),
are more likely to be malignant, and require different man-
agement approaches. Although pulmonary masses are usu-
ally solitary, we include in this discussion the uncommon
instances in which a patient has multiple mass lesions.

Issues at the Time of Admission

Unlike SPNs, the major types of mass lesions are often ac-
companied by symptoms and signs that can warrant hospi-
talization. The clinical picture provides clues to the diagno-
sis and will guide the choice of management strategies.
Several presenting patterns are described.

Pneumonia Pattern

This includes acute onset, fever, cough, purulent sputum,
leukocytosis, and dyspnea. The mass lesion is likely to be
an example of spherical pneumonia, which is more common
in children than in adults and is usually bacterial (20). Air
bronchograms are often detectable within the mass. A trial
of empirical antibiotic therapy is warranted in patients who
are mildly symptomatic or asymptomatic. When the pre-
sentation is severe and fulminant, prompt attention to as-
certaining the specific organisms involved is critical. The
diagnostic approach may include blood cultures, sputum
cultures, analysis of bronchial secretions collected by bron-
choalveolar lavage or a plugged cascading catheter, and cul-
tures of pleural effusions, if present. TTNAB is sometimes
advisable. Occasionally, spherical pneumonia is caused by
fungal infections.

Immunosuppression Pattern

The clinical picture suggests infection, and the presence
and the specific cause (AIDS, organ transplants, drugs) of
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the immunosuppressed state will usually be apparent. A
mass lesion in these circumstances is usually fungal or
bacterial. The development of cavitation in the mass is
common. Other lung lesions are often visible. Vigorous
diagnostic efforts are indicated. TTNAB is often helpful,
but an open thoracotomy with biopsy may be required
occasionally.

Diffuse Metastases Pattern

Lung masses are often malignant, and extensive regional
and distant metastases can produce a clinical pattern with
one or more of the following: neurologic deficits, convul-
sions, superior vena caval obstruction, bone pain or patho-
logic fractures, hypercalcemia, hepatic abnormalities, and
Addison’s disease. Mediastinal adenopathy is often promi-
nent. The diagnosis may be established by imaging studies
of multiple organs plus biopsy of the lung lesion, the me-
diastinal nodes, or another accessible lesion. In general, the
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TABLE 61.2
ETIOLOGY OF PULMONARY
MASS LESIONS

Malignant

Bronchogenic carcinoma (including alveolar cell tumors)
Lymphoma, malignant teratoma
Plasmacytoma, others

Benign

Benign tumors and pseudotumors
Granulomas, infectious and noninfectious
Spherical pneumonia
Arteriovenous aneurysm, pulmonary infarct
Cysts (hydatid, bronchogenic, sequestration)
Conglomerate pneumoconiosis
Rounded atelectasis
Mucoid impaction
Pulmonary hematoma

Figure 61.1 Proposed algorithm for management of solitary pulmonary nodules. A benign diag-
nosis is suggested by radiographic stability for at least 2 years, or by a benign pattern of calcification
(central, laminated, diffuse, or popcorn pattern). In the absence of these characteristics, the proba-
bility of cancer (pCA) may be calculated by using a prediction equation that incorporates age, smok-
ing status, history of previous extrathoracic malignancy, nodule diameter, nodule spiculation, and
nodule location. When the pCA is less than 10%, follow-up with serial radiographs is recommended.
When the pCA is more than 70%, immediate thoracotomy is usually warranted, unless surgery is con-
traindicated. For intermediate values of the pCA, initial biopsy is often prudent, although use of PET
imaging may be preferable in centers where it is available. In these situations, it is especially impor-
tant to consider patient preferences because the choice of strategy is a close call. SPN, solitary pul-
monary nodule; TTNAB, transthoracic needle aspiration biopsy. (From Swensen SJ, Silverstein MD,
Ilstrup DM, et al. Arch Intern Med 1997;157:849–855, with permission.)

Benign pattern of calcification or
radiographic stability for 2 years?

Use predictor variables to assess
probability of cancer (pCA)a

Likely benign

Follow with serial
radiographs

aPredictor variables:

Age (years)
Smoking status (current or former = 1, never = 0)
Extrathoracic cancer diagnosed >5 years ago (yes = 1, no = 0)
Nodule diameter (mm)
Nodule Spiculation (yes = 1, no = 0)
Upper lobe location (yes = 1, no = 0)

pCA = ex/(1 + ex),
Where x = –6.8272 + (0.0391 × Age) + (0.7917 × smoking status) +
(1.3388 × extrathoracic cancer) + (0.1274 × diameter) +
(1.0407 × spiculation) + (0.7838 × upper lobe location)

pCA <10% pCA 10–70% pCA >70%

ThoracotomyBiopsy (TTNAB)
or PET

imaging

NoYes
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clinician should select a biopsy site that establishes the
most advanced stage of disease, while minimizing the risk
of serious complications.

Endocrine Pattern

Clinical patterns of hypercalcemia, hypercortisolism,
gynecomastia, inappropriate secretion of antidiuretic
hormone (SIADH), and pseudomyasthenia suggest ectopic
hormone secretion by a chest mass associated with bron-
chogenic carcinoma. Biopsy of the mass or enlarged medi-
astinal nodes will usually establish the diagnosis.

Systemic Vasculitis Pattern

The patient with Wegener’s granulomatosis may present
with the clinical picture of persistent fever, malaise, weight
loss, rhinitis and sinusitis, uveitis, anemia, hematuria, renal
insufficiency, and single or multiple pulmonary nodules or
masses. The pulmonary lesions are often basilar in location
and may be poorly circumscribed. The diagnosis is sup-
ported by the presence of elevated cytoplasmic antineu-
trophil cytoplasmic antibody (c-ANCA) titers, but open or
thoracoscopic lung biopsy is often necessary (Chapter 111).

Pleural Pattern

Mass lesions can appear in conjunction with radiologic ev-
idence of pleural disease in several situations:

1. A juxtapleural mass with an ipsilateral effusion suggests
a bronchogenic carcinoma with direct intrapleural
extension. TTNAB and/or thoracentesis are usually
diagnostic.

2. In a patient with a chronic effusion that waxes and
wanes with therapy, intrafissural loculation of the fluid
may present as one or more sharply circumscribed large
opacities. Comparison of roentgenograms in two
projections often reveals loculated fluid, but chest CT is
sometimes necessary to establish the diagnosis.

3. A pleural fibroma or a benign mesothelioma may
present as an intrathoracic mass that may be quite large.
Thoracotomy is often required for diagnosis.

4. In a patient with a history of significant asbestos expo-
sure, a basilar mass can be a manifestation of rounded
atelectasis. Several findings must be present to establish
the diagnosis by CT criteria, including juxtapleural loca-
tion, associated pleural thickening, evidence of ipsilat-
eral volume loss and the presence of a “comet tail” that
points toward the hilum. This condition is usually
asymptomatic.

Issues During the Course of Hospitalization

While the evaluation of a solitary pulmonary nodule in a
hospitalized patient can frequently be deferred, it is often
prudent to initiate the work-up of a patient with a lung

mass prior to discharge. In most cases, bronchoscopy,
TTNAB, or both are indicated, and the mass will often
prove to be neoplastic. Benign asymptomatic masses
include hamartoma, teratoma, postinflammatory pseudo-
tumor (i.e., plasma cell granuloma), fungal granuloma,
intrapulmonary sequestration, hydatid cyst, and posttrau-
matic pulmonary hematoma. The investigation of such
lesions is beyond the scope of this presentation (21).

MULTIPLE PULMONARY NODULES

For the purposes of discussion, this category includes mul-
tiple nodules that are 5 mm or more in diameter. It ex-
cludes miliary (micronodular, fine nodular) patterns. The
number of visible nodules may vary from two to dozens.

Issues at the Time of Admission

Multiple lung nodules may have a number of causes (Table
61.3), but hematogenous metastatic spread from an extra-
pulmonary primary tumor is the most common. Metastatic
deposits in the lung may be asymptomatic or associated
with cough and dyspnea. Multiple pulmonary nodules are
occasionally found incidentally during hospitalization for
another disorder. A wide variety of clinical patterns can be
present.

Immunosuppression Pattern

The presence of an immunosuppressed state may be known
or suspected from the clinical history. Multiple pulmonary
nodules in the AIDS patient can represent Kaposi’s sarcoma,
lymphoma, or opportunistic infections. Multiple pulmonary
nodules in organ transplant recipients can be infectious or
neoplastic. The diagnostic approach is similar to that in
immunosuppressed patients with a solitary nodule.
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TABLE 61.3
ETIOLOGY OF MULTIPLE PULMONARY
NODULES

Malignant

Metastatic carcinoma or sarcoma
Kaposi’s sarcoma
Lymphoma
Multicentric alveolar cell carcinoma

Benign

Benign tumors
Granulomas, infectious and noninfectious
Septic emboli, hematogenous pneumonias
Opportunistic infections
Miscellaneous

26410 ch 061  3/11/05  4:26 PM  Page 591



Diffuse Metastatic Pattern

The lung lesions may represent diffuse metastases from an
extrapulmonary primary malignancy, and the clinical con-
sequences of the deposits on other organs may have caused
the illness requiring hospitalization. Common primary
sites include breast, colon, kidney, pancreas, bone, and
liver. If the primary tumor has been recognized and diag-
nosed, the cause of the diffuse pulmonary or multisystem
involvement can be inferred, although biopsy confirma-
tion is advisable in most instances.

Systemic Vasculitis Pattern

These patients have evidence of multisystem disease, in-
cluding fever, arthritis, skin rashes, renal dysfunction, and
elevated sedimentation rate. The nodular pulmonary le-
sions can be rheumatoid nodules, Wegener’s granulomato-
sis, or lymphomatoid granulomatosis. The nodules tend to
be large and limited in number. The diagnosis can often be
established from the extrapulmonary manifestations (both
serologic and histologic), but open or thoracoscopic biopsy
of the pulmonary lesions is occasionally required (Chap-
ters 111 and 112).

Asthma Pattern

Multiple nodules in an asthmatic patient can represent areas
of mucoid impaction in a patient with allergic bronchopul-
monary aspergillosis. The nodules may be single or multiple,
large or small, and are primarily perihilar in location. Some
of the lesions are elongated, serpentine or branching
rather than spherical. Fever, increased dyspnea, marked
eosinophilia, and expectoration of semisolid or rubbery
“plugs” are common clinical manifestations. Diagnosis is
most specifically established with measurement of high
serum levels of Aspergillus-specific immunoglobulin E (IgE)
antibodies. The response to systemic adrenocortical steroid
therapy is usually excellent. A 16-week trial of adjunctive
therapy with itraconazole demonstrated a clinical response
in 46% of participants in the treatment group compared
with 19% in the control group (22), so combined therapy
with steroids and antifungal therapy should now be consid-
ered in all patients. In its early stages, Churg-Strauss syn-
drome mimics asthma and occasionally presents with mul-
tiple lung nodules. Marked eosinophilia, multiorgan
involvement, and a positive perinuclear ANCA (p-ANCA)
test results provide clues, and biopsy is confirmatory.

Hypoxemic Pattern

Multiple nodules may be a manifestation of pulmonary
arteriovenous aneurysms, with right-to-left shunting and
hypoxemia. The diagnostic clues are the presence on chest
roentgenography or CT of enlarged vessels entering and
leaving the nodules, the family history, and the presence

of skin or mucosal lesions of hereditary hemorrhagic
telangiectasia.

Acute Sepsis Pattern

Multiple nodules can be a manifestation of hematogenous
bacterial pneumonia, most commonly resulting from
staphylococcal infection and often associated with right-
sided bacterial endocarditis (Chapter 71). Intravenous drug
abuse is the usual cause. Some cases are a consequence of
pelvic infection, pyelonephritis, or osteomyelitis, and or-
ganisms can include anaerobes and gram-negative aerobes.
The lung lesions are typically “shaggy” in appearance and
cavitation is common when staphylococcus is the causitive
organism. The diagnosis can be suspected by the identifica-
tion of a potential source for the infection and confirmed
with sputum and blood cultures. Transthoracic or trans-
esophageal echocardiography is helpful in establishing the
diagnosis of endocarditis.

Issues During the Course of Hospitalization

If the cause of the illness requiring hospital admission is
recognized and treated, it may then become apparent that
the multiple lung lesions are incidental. The most common
cause in such cases is metastatic malignancy. Less common
causes include “alveolar” sarcoidosis, benign metastasizing
leiomyomas, pulmonary chondromas in Carney’s syn-
drome, healed infectious granulomas, rheumatoid nodules
(including Caplan’s syndrome), hamartomata, and
asbestos-derived pleural plaques. Lung biopsy of one form
or another is usually required.

Discharge Issues

In most patients with multiple lung nodules, the diagnosis
will be established during the course of hospitalization. Pa-
tients with lung nodules undiagnosed at the time of hospi-
tal discharge require follow-up to exclude infection, vas-
culitis, or malignancy. In unusual cases, this will entail
clinical observation for recurrent symptoms; more often, it
will require outpatient biopsy or follow-up radiographic
studies to demonstrate resolution or stability.

Cost Effectiveness and Resource Use

Little is known about cost effectiveness in the management
of focal pulmonary lesions. Sputum cytology appears to be
cost-effective under some circumstances, especially for cen-
trally located lung masses. Recent studies indicate that se-
lective use of PET imaging is likely to be highly cost-
effective, especially when the diagnosis is particularly
uncertain (i.e., when the pretest probability of malignancy
and the CT results disagree—for example, when the clinical
pretest probability is low but CT does not suggest a benign
cause) (19, 23, 24).
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In many cases, the time, expense, and risk for morbidity
associated with aggressive diagnostic workups can be
avoided by examining old films and confirming radio-
graphic stability over time. The small investment in time
required to locate old films for comparison is well worth
the effort.

KEY POINTS

■ The prevalence of cancer in non-calcified solitary
pulmonary nodules is high. Tissue diagnosis is often
necessary.

■ Solitary pulmonary nodules are usually benign when
intranodular calcification is present in a central, lami-
nated, diffuse or “popcorn” pattern, or when the nodules
have been radiographically stable for at least 2 years.

■ Solitary lung masses are larger than solitary pulmonary
nodules and are even more likely to be malignant.

■ Multiple pulmonary nodules can represent hematoge-
nous metastases but also infection or vasculitis.

■ For all pulmonary nodules, initial efforts should be
directed at obtaining prior films, categorizing the clinical
pattern, and treating acute illnesses. Cancer is highly
probable in persistent nodules, and tissue diagnosis is
generally required.
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INTRODUCTION

Many of the signs, symptoms, and laboratory abnormalities
associated with infections are nonspecific. They are seen in
clinical entities as varied as adverse drug reactions, malig-
nancy, and vasculitis. The challenge in evaluating a patient
with potential infection is to determine whether historical
information and objective findings detected by physical ex-
amination and laboratory evaluation are most compatible
with infection or other disease states. If infection is sus-
pected, the organ system involved must be identified. Once
there is localization of infection, relatively accurate predic-
tions about bacteriology can be made, and rational choices
about appropriate antibiotic therapy can be made. The

microbiology laboratory can be a “friend” or a “foe” in the
diagnostic and therapeutic process. It can be invaluable in
assisting the clinician in making a specific microbiologic
diagnosis and defining appropriate therapy by sensitivity
testing. However, the usefulness of information is depen-
dent upon the reliability of the specimen submitted and the
ability of the clinician to interpret the results. Submission of
inappropriate material and misinterpretation of data can re-
sult in misdiagnosis and unneeded or even harmful therapy.

In this chapter, common signs, symptoms, and labora-
tory abnormalities frequently seen in hospitalized patients
with infection are reviewed, with an emphasis on differen-
tial diagnosis. In addition, appropriate use of the microbi-
ology laboratory and accurate interpretation of results are
discussed.

SIGNS

Fever

Fever at Time of Admission

Hyperpyrexia, occurring in 30% of patients admitted to the
medicine service, is a common but nonspecific sign and
symptom. Classically, fever has been defined as an oral

62
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temperature higher than 38°C (100.4°F). A more precise
definition of fever that accounts for normal circadian
rhythms is an oral temperature higher than 37.2°C (99°F)
in the morning or 37.8°C (100°F) irrespective of time of
day. Rectal temperatures may be extrapolated by adding
0.6°C (1°F) to the oral reading.

Fever at the time of admission is attributable to com-
munity-acquired infections in more than 50% of cases. The
exact frequencies of various community-acquired infec-
tions vary based on factors such as season, geography, and
population demographics. In general, the most common
community-acquired infections requiring hospitalization
are pneumonia, pyelonephritis, cellulitis, and bacteremia
(1). Noninfectious causes, accounting for approximately
one-quarter of febrile admissions, include a diverse array of
diseases involving multiple organ systems (Table 62.1). In
the remainder of febrile admissions, no definitive underly-
ing cause is identified.

Although much has been written about the use of fever
patterns to aid in diagnosis, the low sensitivity and speci-
ficity of a given pattern greatly limits clinical usefulness.

Furthermore, fever may be blunted in the elderly or by the
use of systemic corticosteroids. As a general rule, a fever
higher than 102°F is unusual in the majority of inflamma-
tory conditions (Table 62.1), and a temperature exceeding
this level supports an alternative diagnosis. Extreme pyrexia,
defined as a temperature higher than 41°C (106°F), may be
seen with a limited number of conditions. Infection, most
commonly Gram-negative bacteremia, is the leading cause
of extreme hyperpyrexia, followed by a variety of conditions
causing impaired thermoregulation (Table 62.2).

The protean causes of fever require a thorough history
and physical examination to direct further testing and ther-
apy. History of recent and remote travel, occupation, vacci-
nations, sexual encounters, and exposure to sick contacts,
arthropods, or animals should be elicited, as these may
provide important clues to diagnosis. Lymphadenopathy,
splenomegaly, the presence of rash, or evidence of embolic
phenomena may direct the clinician toward a specific
diagnosis.

Appropriate laboratory studies include a complete
blood count with differential, electrolytes, tests of renal
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TABLE 62.1
NONINFECTIOUS CAUSES OF FEVER AT THE TIME OF ADMISSION

Disorders T �102°Fa Characteristics

Neurologic
Spinal cord injury Restricted to lesions

at T8 or higher
Hypothalamic injury Trauma, tumor,

vasculitis,
hemorrhage

Intracranial hemorrhage
Seizures 89% of fevers last

�48 h
Subdural hematoma X

Malignancies Prolonged fevers
without  systemic
toxicity

Rheumatologic/
autoimmune
Connective tissue X Systemic lupus

disorders erythematosus,
mixed connective
tissue disease, etc.

Vasculitides Polyarteritis nodosa,
Giant cell arteritis,
polymyalgia
rheumatica, etc.

Rheumatoid arthritis X Still’s disease: high
fever, rash,
leukocytosis

Eosinophilia-myalgia Associated with use
syndrome of tryptophan pills

Crystal arthropathies Fever seen only with
active joint disease

Disorders T �102°Fa Characteristics

Endocrinologic
Pheochromocytoma Associated with

large, necrotic
tumors

Thyrotoxicosis Associated
hypermetabolic
state

Adrenal May mimic sepsis
insufficiency with hypotension

Miscellaneous
Dissecting aortic X Prolonged course of

aneurysm fever (5–11 weeks)
Hematoma X
Pancreatitis X Poor prognostic

factor
Dehydration/ X Caused by

gastrointestinal vasoconstriction/
bleeding decreased

sweating
Sarcoid X
Deep venous X

thrombosis
Pulmonary embolus X
Myocardial infarction X 89% febrile, duration

of fever �1 week
Narcotic abuse Cocaine and

phencyclidine
Drug fever Median delay in

onset of 8 d

a Typically cause fever �102°F.
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and liver function, and a urinalysis. If the clinical presenta-
tion supports a rheumatic or autoimmune process, specific
confirmatory blood tests should be obtained. A chest
radiograph is generally appropriate if there are signs or
symptoms of respiratory involvement or concern for an
intrathoracic process. Further radiologic studies should be
directed by suggestive findings on the history and physical
examination. Admission blood cultures from febrile
patients have a yield of only 10%. However, the usefulness
of a positive result in establishing a diagnosis, directing
therapy, and defining length of treatment mandates
that two sets be obtained ideally before antibiotics are
administered.

Fever is a physiologic response to an underlying medical
condition, and therapy should be directed against the cause
rather than overzealous suppression of the sign. If the ini-
tial evaluation is suggestive of an infectious cause, antimi-
crobial therapy should be promptly initiated (Chapter 64).
Fever may serve an adaptive function by inhibiting bacte-
rial replication, promoting immune function, and increas-
ing antimicrobial bactericidal activity. Antipyretics should
be reserved for situations in which there is extreme patient
discomfort, cardiopulmonary disease that may be exacer-
bated by fever-induced tachycardia, or temperature in
excess of 40°C, as prolonged episodes of extreme hyper-
pyrexia may lead to permanent central nervous system
damage or cause cardiac arrhythmias.

Two primary methods exist for ameliorating fever: an-
tipyretics and external cooling. The latter, reserved for patients
with extreme pyrexia, utilizes ice baths, alcohol sponges,
cooling blankets, and, in emergency situations, intra-

venous or intraperitoneal administration of cool fluids.
Antipyretic options are limited to salicylates, nonsteroidal
anti-inflammatory agents, and acetaminophen. Salicylates
have been associated with Reye’s syndrome in children
with varicella or influenza and should not be used in this
population. Naproxen (375 mg orally every 12 hours) is
the preferred choice for patients with neoplastic fever.
Persistent temperature elevation after more than three
doses of naproxen essentially excludes the diagnosis of
neoplastic fever.

Fever During the Course of Hospitalization

Causes of fever in the second or third hospital day are sim-
ilar to those at admission, with one-third to one-half of
cases attributable to community-acquired infection, and
30% of cases attributable to noninfectious causes (Table
62.1). Fever occurring more than 3 days into the hospital
course should prompt investigation for a nosocomial infec-
tion or drug fever. Common hospital-acquired infections in-
clude urinary tract infections (particularly in patients with
Foley catheters; see Chapter 68), nosocomial pneumonia
(Chapter 66), vascular catheter-related infections (either
localized or with bacteremia; see Chapter 72), wound in-
fections, and antibiotic-associated colitis (2). Less common
infections include infected decubitus ulcers, acalculous
cholecystitis, and nosocomial sinusitis.

Not all nosocomial fevers require intervention. Postop-
erative patients frequently develop fever within the first
several days of surgery, but this is rarely infectious, and is
generally self-limited. True postoperative infections
typically occur 1–2 weeks after surgery (exceptions include
wound infections with group A Streptococcus or Clostridium
perfringens, which may occur within several days of surgery)
and are associated with local signs of infection. Patients un-
dergoing esophageal (transesophageal echocardiograhy or
upper endoscopy) or bronchial (bronchoscopy) instru-
mentation may develop transient fevers due to micro-aspi-
ration of acidic gastrointestinal contents causing a chemical
pneumonitis (Mendelson’s syndrome).

While most causes of nosomial fevers can be identified
by careful history and physical exam, occult causes of fever
exist. This is particularly true in the ICU, where patients
often are sedated or intubated, and abnormal laboratory
findings such as leukocytosis and elevated liver-function
tests are typically multifactorial. Particular attention should
be paid to intravenous catheters and postoperative wounds
for tenderness, purulence, or erythema. Decubitus ulcers
can be a source of fever and bacteremia and should be
diligently sought. Decubiti covered with an eschar should
be unroofed, because significant deep-tissue involvement
requiring debridement and antibiotics may be underlying
the eschar. Acalculous cholecystitis, typically seen in post-
operative or posttrauma patients receiving hyperalimenta-
tion, classically presents with fever, leukocytosis, right
upper quadrant pain, and abnormal liver-function tests.
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TABLE 62.2
NONINFECTIOUS CONDITIONS THAT MAY
CAUSE EXTREME HYPERPYREXIA
(TEMPERATURE �41°C)

During
Condition On admission hospitalization

Hypothalamic injury
Central nervous system X

malignancy
Trauma X
Intracranial hemorrhage X X
Illicit drug use

Cocaine X
Phencyclidine X

Miscellaneous
Thyrotoxic crisis X
Drug fever X X
Heat stroke X
Exertional hyperthermia X
Neuroleptic malignant X X

syndrome
Malignant hyperthermia X
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Nosocomial sinusitis has been reported to cause up to 5%
of febrile episodes in the ICU, especially in patients with
nasal packing, nasogastric tubes, and nasotracheal intuba-
tion. Diagnosis is suggested by the presence of more
copious secretions from the oropharynx than from the en-
dotracheal tube.

Febrile drug reactions have been reported to occur in
10% of hospitalized patients. Almost every pharmacologic
agent has been anecdotally associated with drug fever. The
median delay from the start of a new pharmacologic agent
to the onset of fever is 8 days; however, there is substantial
variation, with the median delay in fevers attributable to
antineoplastic agents being shorter than 1 day. Careful
review of pharmacy records may reveal a temporal relation-
ship between starting a new agent and the onset of fever,
although idiopathic reactions to medication have been
reported to occur months to years after starting therapy.
Clues to the diagnosis of drug fever include the presence of
relative bradycardia (see subsequent section) and the lack of
subjective discomfort during febrile episodes. Although
cutaneous eruptions occur in only about 20% of febrile drug
reactions, the presence of rash strongly supports an allergic
etiology (3). Other noninfectious causes of fever in hospi-
talized persons include thromboembolic disease, myocar-
dial infarction, Dressler’s syndrome, adrenal insufficiency,
gout or calcium pyrophosphate disease, and ischemic
bowel disease.

Laboratory studies may not be particularly helpful in pin-
pointing a cause for fever. Total white blood cell count may
be normal, high, or low even in the presence of serious in-
fection. Leukocytosis or eosinophilia is present in only 22%
of cases of drug fever, and both findings are associated with
a number of other conditions included in the differential di-
agnosis of fever (3). Focality in the history or physical
examination should prompt directed cultures. Patients with
a new productive cough should have sputum sent for Gram’s
stain and culture. Those with an indwelling Foley catheter
should have urine cultured, but results must be interpreted
with caution. Colonization of the urine with Gram-negative
organisms is common, but true infection as a cause of fever
is unusual unless there is inflammation, as evidenced by the
presence of significant pyuria. Similarly, Candida species
frequently colonize the urine but are not associated with in-
vasive disease unless there are preexisting abnormalities
(stones, malignancy, or obstruction). Therapy is not rou-
tinely indicated for candiduria in the absence of pyuria.

Patients with new onset of diarrhea should have stool
assayed for the presence of Clostridium difficile toxin. Test-
ing for the presence of fecal leukocytes is neither a sensitive
nor specific surrogate marker for the presence of C. difficile
toxin and should not be done. Similarly, culturing stools
and examining stools for ova and parasites in patients who
develop diarrhea in the hospital is not cost-effective and is
not recommended. Although meningitis frequently is con-
sidered as a cause of fever (usually in the ICU patient who

is sedated and in whom mental status cannot be assessed),
meningitis rarely develops in inpatients in the absence of
head trauma, manipulation of the spinal cord (i.e., epidu-
ral catheterization), or recent neurosurgery. Thus, in the ab-
sence of meningeal signs or one of the above predisposing
conditions, a lumbar puncture is generally not indicated.
The yield of blood cultures in febrile inpatients is only
20%; however, as there are no reliable surrogate markers
for bloodstream infection, all febrile patients should have
two sets of blood cultures sent.

Chest radiographs may be helpful, as abnormalities sug-
gest infection, aspiration, or pulmonary embolism. The
role of sinus computed tomography (CT) scans in diagnos-
ing sinusitis has not been rigorously studied. Most recum-
bent ICU patients with nasal tubes in place have fluid in
their sinuses, and mucosal thickening is a common and
nonspecific finding. To make a definitive diagnosis of acute
sinusitus, a sinus aspirate with culture is needed. If there are
abdominal findings or if there is a suspicion of acalculous
cholecystitis or ischemic bowel disease, an abdominal
ultrasound or CT scan is indicated.

The management of fever in hospitalized patients is
identical to that for fever in a newly admitted patient.
Elevated temperature should be viewed as a sign of an
underlying disease, and therapy should be directed at
the likely source. (Refer to Chapter 64 and chapters
discussing specific nosocomial infections for discussion
of potential antibiotic regimens). Most drugs causing
fevers have short half-lives, and drug fever usually resolves
within 48–72 hours of discontinuing the offending
drug. Fever resulting from drugs with long half-lives may
take substantially longer to resolve. The indications for
antipyretic therapy are identical to those discussed in the
previous section.

Fever and Rash

Fever and Rash at Time of Admission

The febrile patient with a cutaneous eruption requires
urgent evaluation. Although many of the underlying con-
ditions presenting with rash are relatively benign, a few
are life threatening, and the rapid institution of appropri-
ate antibiotics may prevent a fatal outcome. Furthermore,
a number of these infections are highly contagious, and
require prompt isolation of the index patient and identifi-
cation of potential contacts to avoid secondary cases. In-
fectious disease emergencies associated with cutaneous
manifestations include meningococcemia, Rocky Mountain
spotted fever, toxic shock syndrome, and bacterial sepsis.
Smallpox and anthrax have gained widespread attention as
possible markers of a bioterrorist attack. Identification of
the specific pathogen causing fever and a rash hinges on
the characteristics of the skin eruption (Table 62.3, and
see also Chapter 73).
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TABLE 62.3
INFECTIONS ENDEMIC TO THE UNITED STATES CAUSING FEVER WITH PROMINENT CUTANEOUS
MANIFESTATIONS

Petechial,
Infection Purpuric Maculopapular Vesicular Other Comments

Viral infections:
Acute HIV X Adenopathy, pharyngitis, malaise
Enterovirus X X X Typically summer and early fall
Rubeola (measles) X Unvaccinated populations
Adenovirus X X Keratopharyngitis variably seen
Lymphocytic X Rodent exposure, more common in fall

choriomeningitis
Rubella (German Measles) X X Unvaccinated populations
Varicella (zoster or X Acute varicella in unvaccinated. Zoster

chickenpox) typically dermatomal
Herpes simplex X Predominately genital and perioral
Cytomegalovirus (CMV) X Associated with infectious mono sydrome
Epstein-Barr virus (EBV) X X Associated with infectious mono

syndrome; often appears after
amoxicillin ingestion

Parvovirus B-19 X Erythema infectiosum
Human herpesvirus 6 X Roseola infantum
Smallpox X First lesions on face, palate, or

forearms. Bioterror agent.
Bacterial infections:
Chlamydia psittaci X Associated with bird exposure,

pneumonia
Mycoplasma pneumoniae X X Bullous myringitis in �5%
Rickettsia spp. X X X Spotted-fever group typically

petechial, typhoidal group maculo-
papular with eschar; rickettsial pox
with vesicles

Ehrlichia spp. X X Tick-borne pathogens, associated with
leukopenia, thrombocytopenia

Bartonella spp. X Vascular Bacillary angiomatosis in HIV infected
cutaneous
lesions

Franciscella tularensis X Ulceroglandular type, typhoidal type
Rat-bite fever agents X X
Secondary syphilis X X Lesions on palms and soles
Neisseria spp. X X Purpura, petechial lesions on palms

and soles
Leptospira spp. X X X Associated with aseptic meningitis,

renal failure, hepatitis
Borrelia spp. X X Erythema migrans in Lyme disease
P. aeruginosa X Ecthyma gangrenosum
S. aureus X X Impetigo with localized infection,

petechia with endocarditis
Group A streptococci X Scarlet fever, impetigo
Capnocytophaga canimorsus X X Dog exposure, sepsis in asplenic host
Bacillus anthrasis (Anthrax) X X Necrotic Potential bioterrorism agent

eschar late
in course

Vibrio vulnificus X Exposure to salt water, particularly in
patients with liver disease

Adapted from Weber DJ, Cohen MS, Fine JD. The acutely ill patient with fever and rash. In Mandell GL, Bennett JE, Dolin R, eds. Principles
and Practice of Infectious Diseases, 5th ed. New York: Churchill Livingstone, 2000: 633–650.
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The history and physical examination are the mainstays
of the initial evaluation. Many of the syndromes in the
differential diagnosis can be excluded if there has been
no foreign travel (see subsequent section), no outdoor
activities suggestive of arthropod exposure, no sexual
activity, and no animal exposures. Menstrual history may
support a diagnosis of tampon-associated toxic shock
syndrome or disseminated gonorrhea. History regarding
the initial site, appearance, and rapidity of spread of the
rash may aid diagnosis. The physical examination should
focus on the distribution of the cutaneous eruption and
include a thorough search for associated findings such as
pharyngitis, adenopathy, arthritis, nuchal rigidity or altered
mental status, genital lesions, or cervical discharge. Gram
stain and culture of selected cutaneous lesions may yield a
rapid diagnosis. Gram-negative diplococci aspirated from
petechiae are consistent with either disseminated meningo-
coccemia or gonorrhea; Gram-positive cocci suggest Staphy-
lococcus aureus sepsis. Culture of scrapings from the base of
ecthyma gangrenosum ulcers may facilitate diagnosis of
Pseudomonas aeruginosa sepsis. Bullous lesions should be
unroofed under sterile conditions and the fluid sent for
viral and bacterial diagnostic tests. A skin biopsy is often
necessary to diagnose a vasculitic process, infection with
Bartonella organisms (bacillary angiomatosis), or dissemi-
nated fungal infection. Therapy should be directed at the
underlying cause of the syndrome and should include ag-
gressive supportive measures as needed (see Chapter 26 for
discussion of the sepsis syndrome).

Fever and Rash During Hospitalization

The most common cause of this syndrome is a cutaneous
drug reaction, which develops in approximately 3% of
hospitalized patients. These reactions are typically macu-
lopapular and are pruritic in only one-half of cases. Infec-
tious causes of rashes in hospitalized patients include
bacterial sepsis (with or without disseminated intravascu-
lar coagulation), postoperative toxic shock syndrome (par-
ticularly among patients with indwelling nasal packings),
and disseminated fungal disease (among immunosup-
pressed patients, those receiving total parenteral nutrition,
or those on long term, broad-spectrum antibiotics). Expo-
sure to a sick visitor or health care worker may provide an
important clue in the patient with an exanthem and symp-
toms suggestive of a viral syndrome.

Infectious and noninfectious syndromes causing fever in
hospitalized patients are best differentiated by the general
appearance of the patient. Drug reactions typically cause
minimal prostration, even during periods of extreme hy-
perpyrexia. Patients with sepsis, toxic shock syndrome, or
fungemia often are critically ill or hypotensive and may
have alterations in level of consciousness. Cultures of
blood, wound discharge, urine, cutaneous lesions, and spu-
tum should be obtained as clinically indicated. Skin biopsy
may be necessary if cultures remain negative or if there is

rapid progression of skin lesions. Therapy should be di-
rected at the underlying cause of the syndrome, as eluci-
dated by the initial evaluation.

Fever in the Returning Traveler

At Time of Admission

The differential diagnosis of fever in the returning traveler is
broad, ranging from self-limited viral illness to fulminant,
life-threatening infection. For the purposes of this chapter,
the discussion will be limited to infections that typically
require hospitalization for supportive care and treatment.
The evaluation of the febrile traveler is best performed by
identifying a syndrome (Table 62.4), and refining the
differential based on the travel history and specific expo-
sures. The travel history should include directed questions
regarding geography (rural versus urban), animal or arthro-
pod contact, unprotected sexual intercourse, ingestion of
untreated water or raw foods, and history of pretravel im-
munizations and adherence to malaria prophylaxis. Rou-
tine laboratory studies usually include complete blood
count with differential, electrolytes, liver function tests,
urine analysis, and blood cultures. Thick and thin smears for
malaria should be done if there has been any travel to en-
demic areas. If the initial smear is negative but the suspicion
remains high, thick and thin smears should be repeated in
the next 12–24 hours. Other studies are directed by the
results of history, physical examination, and intial labora-
tory tests. They may include stools for ova and parasites,
chest x-ray, HIV test, and specific serologies (dengue, lep-
tospirosis, rickettsial illness, schistosomiasis, etc.).

Several general principles are helpful in evaluating the
returning traveler with fever:

■ Up to 50% of patients have either a self-limited ill-
ness that goes undiagnosed or have a “cosmopolitan”
fever—one that is neither infectious in etiology nor
travel-related. Thus, it is helpful to construct two differ-
entials, one that includes the travel history and one that
ignores it.

■ People who visit family and friends while abroad or who
are adventure travelers (hiking and camping in remote
areas with less control of their food and water sources)
are more likely to develop travel-related illnesses than
are short-term visitors who frequent more standard
tourist destinations.

■ The goal of the initial evaluation is to identify those pa-
tients with acute, potentially life-threatening diseases
that are treatable, or those with transmissible diseases
that require isolation.

■ The incubation period can be helpful in excluding cer-
tain diseases. Dengue, leptospirosis, yellow fever, rick-
ettsial diseases, and Q fever usually present clinically
within the first 3 weeks after exposure. In contrast,
typhoid fever, malaria, tuberculosis, and hepatitis can
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present acutely, but may have longer incubation periods
of greater than 6 weeks.

The most common infectious etiologies of fever in the
returning traveler are malaria, respiratory infections, diar-
rhea, dengue, leptospirosis, typhoid fever, and rickettsial
infections. Numerous other infections have been described
and have been reviewed (4).

Malaria
Malaria presents with nonspecific symptoms of fever, chills,
drenching sweats and headache. The typical pattern of fever
every 48–72 hours occurs uncommonly, but when present
strongly suggests infection with Plasmodium vivax, P.ovale (48
hours) or P. malariae (72 hours). Fevers with P. falciparum are
more hectic and rarely synchronized. Splenomegaly and
thrombocytopenia are frequent findings, but rash and lym-
phadenopathy are unusual. P. falciparum, the most severe
form of disease, is more likely to be seen in patients traveling
to Africa, whereas the other forms of malaria are more likely
to occur after travel to Asia and Latin America. P. falciparum
has a relatively short incubation, with 90% of patients pre-
senting within 1month of return. In contrast, other forms of
malaria are more indolent; only 50% develop symptoms
within 1 month of return. Because clinical manifestations
are nonspecific, any febrile traveler who has been in an en-
demic area should have thick and thin smears performed.

Respiratory Infections
Respiratory infections are usually “cosmopolitan” and due
to viruses (including influenza), S. pneumoniae, my-

coplasma and legionella species. It is important to remem-
ber that tuberculosis is common in many less developed
areas of the world and can present months after return.
Other respiratory pathogens that should be considered de-
pending on area of travel include histoplasmosis and coc-
cidioidomycosis (Mexico). Q fever can also cause resiratory
symptoms, and helminths that may migrate through the
lung (ascariasis, strongyloidiasis).

Diarrhea
Travel-related diarrhea usually presents within the first
month after return. Viruses and bacteria (enteroinvasive
and enterohemorrhagic E. coli, Salmonella, Shigella, Campy-
lobacter) commonly occur shortly after return and are
usually self-limited. In patients with diarrhea that persists
for several weeks, Giardia lamblia, Entamoeba histolytica,
cryptosporidia and microsporidia should be considered. In
patients with prolonged diarrhea and malabsorption, giar-
diasis and other small bowel parasites are likely. The diag-
nosis is usually made by stool culture or examination for
ova and parasites. If an etiologic agent is not identified after
stool examination and symptoms persist, many would treat
empirically with a fluoroquinolone if symptoms suggestive
of invasive disease of the large bowel are present (fevers,
frequent small volume bloody stools), or metronidazole if
bloating and watery diarrhea are present (giardia is the
most common cause of these symptoms).

Dengue
Dengue is a mosquito-transmitted disease that has a short
incubation period (almost always less than 10 days). It is
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TABLE 62.4
INFECTIOUS SYNDROMES IN THE RETURNED TRAVELER

Syndrome Initial evaluation Specific pathogens Syndrome Initial evaluation Specific pathogens

Fever & rash Blood cultures Dengue Diarrhea Blood cultures Bacterial dysentery
Serologies (guided Viral hemorrhagic fever Fecal leukocytes E. histolytica

by history) Leptospirosis Stool bacterial cultures Cyclospora
Meningococcemia Stool for O & P Disseminated 
Yellow fever strongyloidiasis
Typhus Jaundice Liver function tests Hepatitis A
Salmonella typhi (Rose Evaluation for Yellow fever

spot) hemolysis Hemorrhagic fever
HIV (acute) Thick/thin smear Leptospirosis

Pulmonary PPD Tuberculosis Serologies (guided by Malaria
infiltrate Sputum for AFB Ascaris history)

Sputum for O & P Paragonimus Fever without Blood cultures Malaria
Strongyloides localizing signs Thick/thin smears Acute HIV

Meningo- Blood cultures N. meningitidis or symptoms Serologies (guided by Rickettsial illness
encephalitis Thick/thin smears Leptospirosis history) Salmonella typhi

Lumbar puncture Arboviruses Bone marrow (typhoid Visceral leishmania
Serologies (guided Rabies fever) Trypanosomiasis

by history) Malaria (cerebral) Dengue
Nape biopsy (if

rabies a concern)
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common in tropical and subtropical areas (Asia, Central
and South America, the Carribean), but some cases occur
in travelers returning from Africa. Dengue presents with
nonspecific symptoms of fever, chills, myalgia, artharal-
gias, and headache. Severe retroorbital pain exacerbated by
eye movement is characteristic, and helps distinguish
dengue from other travel-related febrile illnesses. Up to
50% of patients will have a maculopapular, diffuse erythe-
matous rash that may be petechial in nature. Leukopenia
and thrombocytopenia are common laboratory abnormal-
ities. The diagnosis is usually made clinically and con-
firmed serologically. Therapy is supportive. Severe compli-
cations of dengue (dengue hemorrhagic fever and dengue
shock syndrome) are not seen in first-time travelers. These
complications are thought to be immunologically medi-
ated and are seen in those sustaining a repeat infection with
a different serotype of the virus.

Leptospirosis
Leptospirosis occurs worldwide, whenever humans come
into contact with water that has been contaminated by urine
from animal reservoirs. Spirochetes enter through abrasions
in the skin, mucous membranes or conjunctiva. Following
an incubation period of 1–3 weeks, nonspecific symptoms
of fever, chills, and headache develop. Severe myalgias
(sometimes mimicking an acute abdomen) and conjuncti-
val suffusion may be present and should suggest the
diagnosis. Recent outbreaks have been associated with hem-
orrhagic pneumonitis. The disease is often biphasic. After
3–7 days of illness there is a brief period of well-being
followed by onset of fever, meningitis (immune mediated),
uveitis and rash. Severe complications include renal failure,
hepatitis, and shock. Although organisms can be isolated
from blood, CSF, and urine in the first phase of the disease,
the diagnosis is usually made clinically and confirmed
serologically. Treatment within the first 3 days of illness
improves outcome. Penicillin is the treatment of choice in
severe disease. Doxycycline is used in mild to moderate
disease, or in patients with IgE-mediated reactions to
penicillin. Following treatment, the Jarisch-Herxheimer
reaction can occur.

Typhoid Fever and Enteric Fever
Typhoid fever (caused by Salmonella enterica serotype typhi)
and enteric fever (caused by other serotypes of salmonella)
present with fever, headache, and gastrointestinal symp-
toms (abdominal pain and constipation are common,
whereas diarrhea is rare). An evanescent rash (rose spots) is
occasionally present, but the physical examination is
usually not helpful in making a diagnosis. Most cases occur
in travelers returning from India, Latin America, and the
South Pacific. Blood cultures are positive in the majority
of cases; salmonella can also be isolated from stool for
several weeks after infection. Although multi-drug resistant
organisms have been isolated, including a few strains resis-
tant to fluoroquinolones, empirical therapy with either

ciprofloxacin or a third generation cephalosporin is indi-
cated if the diagnosis is suspected.

Rickettsial Infections
Rickettsial infections are transmitted by mites and ticks,
have a short incubation period (less than 3 weeks), and
present with nonspecific influenza-like symptoms. Helpful
clues to the diagnosis include a history of exposure (travel
in grassy or wooded areas), a maculopapular rash, and the
presence of a painless eschar at the inoculation site. The
diagnosis is made clinically and confirmed serologically.
Therapy with a tetracycline is indicated if the diagnosis is
suspected.

Fever of Unknown Origin

At the Time of Admission

The “classic” 1961 definition of fever of unknown origin
(FUO) included patients who had been ill for 3 weeks, had
a fever over 38.3°C (101°F) on several occasions, and who
remained undiagnosed after 1 week of study in the hospi-
tal. The time intervals in this definition are arbitrary and
were chosen to exclude individuals with protracted but self-
limited viral illnesses and to allow time for standard radio-
graphic, serologic, and cultural data to be collected. With
changes in health care delivery, these intervals have been
modified to include patients who are undiagnosed after
three outpatient visits or 3 days in the hospital. Over the
ensuing decades, several new categories of FUO have been
included (5):

1. Nosocomial FUO: hospitalized patients with fever of
38.3°C or higher on several occasions, caused by a pro-
cess not present or incubating from admission, in whom
the diagnosis remains uncertain after at least 3 days of
investigation and in whom microbiologic cultures have
been incubating at least 2 days (see pp 609–610)

2. Neutropenic FUO: fever of 38.3°C or higher on several
occasions in patients with less than 500 neutrophils per
cubic millimeter or expected to fall below that level
within 2 days, in which the diagnosis remains unknown
after at least 3 days of investigation with at least 2 days
for cultures to incubate (Chapter 63)

3. HIV-associated FUO: a fever of 38.3°C or higher in an
HIV-seropositive patient who has been febrile more
than 4 weeks as an outpatient or 3 days as an inpatient,
in whom the diagnosis remains uncertain after 3 days of
investigation with at least 2 days for cultures to incubate
(Chapter 74)

Although not formally considered a separate category, FUO
in recipients of solid organ transplants is a common sce-
nario with a unique differential diagnosis (Chapter 63).

The differential diagnosis of FUO is extensive (Table
62.5) and includes infection in 25%–40%, neoplasms in
20%–35%, and rheumatologic diseases in 10%–20% of
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TABLE 62.5
CAUSES OF FEVER OF UNKNOWN ORIGIN IN THE ADULT

Type Comment

Infections
Localized

Abscesses: liver, subphrenic, abdominal, pelvic Previous surgery or gastrointestinal procedure are risk factors
Biliary system: cholecystitis, cholangitis Preexisting cholelithiasis or pancreatitis
Urinary tract: perinephric abscess, intrarenal abscess, Negative or intermittently positive urine cultures; obstruction

prostatic abscess, chronic prostatitis may be present
Infective endocarditis Culture negative (previous antibiotics for another suspected in-

fection) or fastidious organism (HACEKa group)
Osteomyelitis

Generalized: tuberculosis Usually extrapulmonary (renal, peritoneal, miliary, meningeal)
Other (less common): Whipple’s disease, cat-scratch disease

and other Bartonella infections, toxoplasmosis, malaria,
disseminated histoplasmosis or coccidioidomycosis, Q fever,
brucellosis, leptospirosis, borreliosis, cytomegalovirus,
Epstein-Barr virus, splenic, pulmonary and dental abscesses

Malignancy Many malignancies cause fever in association with liver
metastases or obstruction with associated infection

Hodgkin’s disease
Lymphoma
Renal cell carcinoma
Hepatoma
Other solid tumors

Rheumatologic diseases
Still’s disease (adult juvenile rheumatoid arthritis) Usually presents without joint manifestations or classic serologic

abnormalities
Systemic lupus erythematosus
Polyarteritis nodosa
Rheumatoid arthritis
Vasculitis
Polymyalgia rheumatica
Cryoglobulinemia

Granulomatous disease
Granulomatous hepatitis Need to rule out treatable causes of granulomatous hepatitis
Sarcoidosis
Inflammatory bowel disease Without prominent gastrointestinal symptoms
Temporal arteritis

Other disorders
Factitious fever
Familial mediterranean fever
Wegener’s granulomatosis
Alcoholic hepatitis
Metabolic disorders: hyperthyroidism, thyroiditis,

pheochromocytoma
Addison’s disease
Recurrent pulmonary emboli

a Haemophilus aphrophilus, Actinobacillus actinomycetocomitans, Cardiobacterium hominis, Eikenella corrodens, Kingella kingii.

cases (5). Several general principles are helpful in ap-
proaching patients with classic FUO:

■ Most cases of FUO represent unusual manifestations of
common diseases, not rare or exotic diseases. About 50%
of patients with FUO have one of the following diseases
as a cause: tuberculosis, endocarditis, lymphoma, solid
tumor, adult Still’s disease, vasculitis, or a common
rheumatologic disease (systemic lupus erythematosus,
Sjögren’s syndrome).

■ Even after extensive evaluation, the diagnosis remains
elusive in 10%–15% of patients. In the majority of these
patients (about 75%) fever abates spontaneously, the pa-
tient improves, and a diagnosis is never made. In the re-
mainder, classic manifestations of the underlying disease
emerge, making the diagnosis obvious.

■ Patients with prolonged fever (6 months or longer)
have infection, malignancy, or rheumatologic disease
as the cause in only 20% of cases. Instead, other diag-
noses such as granulomatous diseases, factitious fever,
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and exaggeration of the normal circadian rhythm
become much more likely.

■ Patients with episodic or recurrent fevers (i.e., classic
definition of FUO with periods of 2 weeks or longer
without fever), like patients with prolonged fever, usu-
ally do not have infection, malignancy, or rheumatologic
disorder but instead have a number of miscellaneous
causes such as Crohn’s disease, allergic alveolitis, and
Familial mediterranean fever. Approximately 50% of
this group remains undiagnosed, but symptoms resolve.

These points are important in determining how aggressive
to be in the evaluation. By the time most patients have been
admitted to the hospital, noninvasive tests have been
performed, and decisions must be made about more
aggressive tests that may be associated with adverse effects.
It is important to remember that, with time, the cause is
likely to become obvious and, provided the patient is sta-
ble (not toxic, with stable weight, and able to carry on daily
functions), continued observation or only limited addi-
tional evaluation is a reasonable option.

FUO is such a heterogeneous disease state that a routine
cost-effective approach to diagnosis has not been estab-
lished. Potential diagnostic clues should be elicited by
careful history taking and physical examination, and
further workup should pursue any abnormalities that are
revealed. Careful attention to family history, social history
(sexual practice, use of intravenous drugs), travel, voca-
tional or recreational exposures, animal exposures, and
dietary habits (unpasteurized milk products, raw meats)
may provide clues to diagnosis. Careful and repeated phys-
ical examinations are important to detect evanescent rashes
or subtle physical findings such as conjunctivitis, uveitis,
and isolated lymph nodes.

Infection remains a leading cause of FUO, and blood
cultures (two or three sets over 24 hours) off antibiotic
therapy for at least 48–72 hours are routine in the evalua-
tion. The laboratory should be asked to hold cultures for 2
weeks if bacteremia or endocarditis with fastidious
organisms is suspected (e.g., HACEK group, Brucella spp.).
Cultures on special media should be requested if Legionella
or Bartonella organisms or nutritionally deficient strepto-
cocci are considered. If exposure suggests endocarditis
caused by Chlamydia psittaci or Coxiella burnetii, serologic
tests are required. “Screening” tests with immunologic or
microbiologic serologies have a low yield and should
not be done. Specific tests for rheumatologic diseases are
indicated if history or physical examination suggest a
specific diagnosis. Serologic tests for infections (“febrile
agglutinins”) are almost never helpful, with the exception
of tests for syphilis.

Certain radiographic studies are considered routine.
These include chest radiograph, upper gastrointestinal se-
ries with small bowel follow-through, and barium enema.
The value of gastrointestional radiography and endoscopy
in patients without localizing symptoms is probably low,

but these tests should be considered in patients with pro-
longed fever in whom gastrointestional pathology is more
common. Radionuclide scanning (i.e., indium-labeled
leukocyte scan or gallium 67–citrate) is theoretically attrac-
tive for detecting infection and malignancy, but in reality
these studies are of little use as screening tests because of
the high rates of false positive and negative results. PET
scans may be useful in diagnosing infection and malig-
nancy, but large-scale formal studies are lacking. Abdomi-
nal and pelvic CT scans are done in most patients with FUO
and are powerful tools for detecting intra-abdominal
pathology, but an invasive procedure almost always is
needed to make a tissue diagnosis. It is also important to
remember that a negative CT scan does not obviate the pos-
sible need for more aggressive studies. CT scanning is valu-
able in detecting anatomic abnormalities, but certain
diseases such as vasculitis, peritoneal tuberculosis, or peri-
toneal carcinomatosis may not be detected by CT and may
require invasive procedures for diagnosis. Thus, in patients
for whom the diagnosis remains elusive despite a negative
noninvasive evaluation, laparotomy or laparoscopy should
be considered if they have abdominal pain and clinically
are incapacitated or deteriorating. Ultrasonography and
echocardiography as screening tests are of little value. If a
specific diagnosis of endocarditis is suggested, a trans-
esophageal echocardiogram is indicated. Even if this is neg-
ative, it does not exclude the diagnosis of endocarditis, and
if suspicion is high, a repeat study should be done in 1–2
weeks (especially if a prosthetic value is present).

Biopsy of potentially pathologic tissue, if suggested by
physical examination or abnormal laboratory value, is
always indicated, as is aspiration of abnormal fluid collec-
tions. Even though the yield of a bone-marrow biopsy is low
in FUO (about 5%), the risk is small and this test is usually
done. Liver biopsy is more controversial. Abnormal liver
function tests are common in FUO, and liver biopsy is as-
sociated with potentially serious complications. Nonethe-
less, a specific diagnosis by liver biopsy is made in about
15% of patients, and if less invasive tests have not yielded
the diagnosis and liver function tests are abnormal, a biopsy
should be considered. Although not formally studied, a
temporal artery biopsy is reasonable in elderly patients with
elevated sedimentation rates and no alternative diagnosis.

Whenever an invasive procedure is performed, as much
tissue as possible should be obtained so that routine, my-
cobacterial, and fungal stains and cultures can be done.
Newer investigational diagnostic tests such as polymerase
chain reaction (PCR) may be helpful if specific diagnoses
such as Whipple’s disease, herpes simplex infection, or
bartonellosis are considered.

If a specific diagnosis accounting for FUO is made,
therapy is directed at the underlying cause. Difficulties arise
if, despite extensive evaluation, the diagnosis remains
elusive. A therapeutic trial is reasonable if a specific diag-
nosis is strongly suspected (e.g., antituberculous therapy if
pulmonary or disseminated tuberculosis is suspected,
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intravenous antibiotics if endocarditis is suggested, or
tetracycline for brucellosis). In the seriously ill or rapidly
deteriorating patient, empiric therapy should be consid-
ered. Antituberculous medications (particularly in the
elderly or foreign-born patient) and broad-spectrum
antibiotics are reasonable in this setting. Two important
caveats apply. First, before starting therapy, be sure that all
relevant cultures have been obtained. Second, therapeutic
end-points must be set. If there is no clinical response after
several weeks of therapy, therapy should be discontinued
and the situation carefully reevaluated.

There is often a temptation to suppress fever by using
corticosteroids. This practice should be discouraged, be-
cause infection remains a leading cause of FUO, and many
infections can become more invasive and disseminate in
the presence of steroid therapy. Suppression of fever by low
doses of naproxen (375 mg orally every 12 hours) is said to
be relatively specific for fever associated with neoplasm.

FUO During Hospitalization

For information on FUO during hospitalization, see the
section on “Fever During the Course of Hospitalization” on
page 599.

Hypothermia

Hypothermia at Time of Admission

Hypothermia, defined as a core temperature of 35°C or less,
is most often the consequence of accidental exposure to cold
and is seen in individuals who are unable to move to a warm
environment (e.g., the homeless, alcoholics, the elderly,
those who overdose on drugs resulting in unconsciousness,
and those who are immobile). Concomitant illnesses fre-
quently are present in those with accidental exposure. These
include bacteremia, hypothyroidism, pancreatitis, cirrhosis,
diabetes with ketoacidosis, stroke, hypopituitarism, adrenal
insufficiency, and hypoglycemia. Drugs such as alcohol, bar-
biturates and phenothiazines may worsen hypothermia by
producing vasodilation, inhibiting shivering, or affecting
central thermoregulation. Certain acute illnesses, including
bacteremia, uremia, diabetes, congestive heart failure, and
hypoglycemia, have been associated with hypothermia in
the absence of exposure.

Clinical thermometers often do not read temperatures
below 35°C. Therefore, if hypothermia is suspected, an in-
cubator thermometer should be used. In addition to order-
ing routine laboratory tests, thyroid function studies, amy-
lase, arterial blood gases, chest radiograph, head CT scan (if
there is associated mental status change or focal neurologic
findings), and blood, urine, and cerebrospinal fluid (if
clinically indicated) cultures should be obtained. Thirty to
forty percent of patients admitted with hypothermia have a
concomitant serious infection (usually bacteremia, pneu-
monia, cellulitis, peritonitis, or meningitis), and classic

signs and symptoms may be delayed in appearance up to
72 hours (6). Although hemodynamic monitoring may be
helpful in distinguishing those with bacteremia, other
parameters such as blood pressure, arterial pH, oxygena-
tion, azotemia, and degree of leukocytosis are not reliable
predictors (7).

Supportive care including fluids, treatment of acidosis
and arrhythmias, and rewarming (either active external or
active core rewarming depending on the degree of hy-
pothermia) are indicated. Because of the difficulty in dis-
tinguishing the infected from the noninfected patient, and
because the mortality rate is higher if infection is present,
all hypothermic patients should be given empiric broad-spectrum
antibiotics to cover both Gram-positive and enteric Gram-
negative organisms while awaiting culture results. If there is
any suspicion of adrenal insufficiency, stress-dosage gluco-
corticoids should be administered after a cosyntropin stim-
ulation test is performed (Chapter 109).

Hypothermia During the Course of
Hospitalization

Hypothermia developing in the hospital may result from
cardiac bypass surgery or continuous arteriovenous
hemofiltration. In the absence of these factors, hypother-
mia is strongly suggestive of sepsis. Hypoglycemia also
should be considered, particularly in patients with diabetes
or liver disease. Hospitalized patients should be evaluated
for potential sites of infection as outlined in the discussion
of fever. After cultures are obtained, broad-spectrum an-
tibiotics should be started while awaiting culture results.

Relative Bradycardia

Relative Bradycardia at Time of Admission

Heart rate is directly proportional to temperature, with
an expected increase of between 2.4 and 10 beats/min for
each 1°F rise in temperature. An inappropriately low heart
rate, commonly termed relative bradycardia or Faget’s sign,
has been associated with a number of conditions (Table
62.6), particularly infection with an intracellular pathogen.
Unfortunately, the lack of a standardized definition for rel-
ative bradycardia coupled with the low sensitivity and
specificity of this finding limit its clinical utility (8). Fur-
thermore, relative bradycardia is of limited significance in
patients who are prescribed negative chronotropic agents
(such as �-blockers or verapamil) or who have intrinsic
cardiac conduction abnormalities.

With these caveats, if this finding is present, particular
emphasis should be placed on obtaining a thorough travel
history, because many of the infectious agents in Table 62.4
are found solely in developing countries or are endemic to
restricted regions of the United States. C. burnetii may be
acquired from domesticated animals (particularly parturi-
ent cats) and raw milk, and these exposures should be
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sought. An erythematous, blanching, maculopapular skin
eruption resembling the rose spots of typhoid fever in a pa-
tient without a history of foreign travel suggests Horder’s
spots, associated with C. psittaci, or the rash commonly
seen with epidemic typhus.

The low positive predictive value of relative bradycardia
does not allow restriction of the laboratory evaluation
to the entities listed in Table 62.6. Routine cultures
must be performed, in addition to studies directed at
diagnosing the organisms classically associated with relative
bradycardia. Relative bradycardia in a patient with respira-
tory complaints suggests an atypical pneumonia, prompt-
ing supplementary evaluation for Legionella organisms, C.
burnetii, and Chlamydia pneumoniae. Clinical suspicion of in-
fection with Ehrlichia, Chlamydia, or Legionella organisms, C.
burnetii, leptospirosis, or epidemic typhus may be con-
firmed by acute and convalescent serum titers. Legionella
urinary antigen may provide a more rapid diagnosis than
serology, but will only detect L. pneumophila serogroup 1.

Relative Bradycardia During Hospitalization

A new finding of relative bradycardia in a hospitalized pa-
tient suggests either nosocomially acquired Legionella
pneumonia or a drug fever. Nosocomial legionellosis pri-
marily occurs among patients with a history of heavy alco-
hol use or smoking, advanced age, or immunosuppression.
Although relative bradycardia may be seen with drug fever,
it is uncommon, occurring in 10% of cases (3). The evalu-
ation of the patient with nosocomial-onset relative
bradycardia is identical to that undertaken in any febrile
hospitalized patient.

LABORATORY ABNORMALITIES

Several laboratory abnormalities frequently are associated
with infection. Leukocytosis is discussed in Chapter 89 and
eosinophilia in Chapter 120.

Atypical Lymphocytosis

Atypical Lymphocytosis at Time 
of Admission

Atypical lymphocytes, sometimes referred to as Downey
cells or reactive lymphocytes, are large cells characterized
by morphologic abnormalities such as vacuolated cyto-
plasm, lobulated nuclei, and prominent nucleoli. A pe-
ripheral smear with more than 10% atypical lymphocytes
is highly suggestive of the infectious mononucleosis syn-
drome (9). A number of infectious and noninfectious
causes have been associated with atypical lymphocytosis
(Table 62.7). However, this may be an incidental finding in
otherwise healthy children.

Ascertainment of exposures such as sick contacts, sexual
history [cytomegalovirus (CMV), HIV, human T-cell lym-
photropic virus (HTLV)], cat exposure (toxoplasmosis),
travel (hepatitis A), tick exposures (ehrlichiosis), injection
drug use (HIV, hepatitis B and C, HTLV), vaccination his-
tory (rubella), and blood transfusion (HIV, HTLV, and
CMV) are important in pinpointing an infectious etiology.
Common but nonspecific physical abnormalities associ-
ated with the infectious mononucleosis syndrome include
exudative pharyngitis and cervical lymphadonopathy (9).
Rash that develops after the administration of ampicillin is
classic for Epstein-Barr virus infection. Jaundice and, rarely,
autoimmune hemolytic anemia may be present with the
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TABLE 62.6
CONDITIONS THAT MAY BE ASSOCIATED WITH
RELATIVE BRADYCARDIA

Infectious Rickettsia prowazekii (epidemic
Flaviviruses typhus)

Dengue fever Coxiella burnetti (Q fever)
Yellow fever Ehrlichia chaffeensis

Bacteria Legionella spp.
Salmonella typhi Parasites: malaria
Salmonella paratyphi Noninfectious
Leptospira spp. Drug fever
Brucella spp. Lymphoma
Chlamydia psittaci Central fever
Chlamydia pneumoniae

TABLE 62.7
SYNDROMES ASSOCIATED WITH ATYPICAL
LYMPHOCYTOSIS

Syndrome Description

Heterophile-positive
mononucleosis
Epstein-Barr virus Triad of pharyngitis, fever,

lymphadenopathy
Heterophile-negative

mononucleosis
Epstein-Barr virus See text
Cytomegalovirus Approximately 25% of heterophile-

negative cases; minimal pharyngitis
and  lymphadenopathy

Viral hepatitis Not associated with pharyngitis
Toxoplasmosis Choreoretinitis variably present
Rubella Maculopapular exanthem
Adenovirus Pharyngoconjunctival fever
Human herpesvirus 6 Acute infection
HIV Acute infection, often with rash
Human T-cell Primarily in immigrants and their sex

lymphotrophic partners from endemic areas
virus

Other
Ehrlichia chaffeensis Usually with leukopenia
Large granular Clonal lymphocytes

lymphoma
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infectious mononucleosis syndrome. A positive het-
erophile antibody test suggests Epstein-Barr virus but is in-
sensitive; approximately 20% of heterophile-negative cases
of mononucleosis are attributable to Epstein-Barr virus and
represent false negative test results. Further diagnostic test-
ing for cases of heterophile-negative infectious mononu-
cleosis should be guided by findings on the history and
physical examination and limited to diseases such as hep-
atitis or HIV in which a diagnosis would lead to a thera-
peutic or public health intervention. Epstein-Barr virus and
CMV-related infectious mononucleosis syndromes are
generally self-limited and require only supportive care.

Atypical Lymphocytosis During Hospitalization

The development of atypical lymphocytosis after hospital
admission is distinctly unusual, with the exception of post-
transfusion CMV infections. The risk of primary CMV
infection in a previously seronegative patient is approxi-
mately 2% per unit of transfused whole blood and is
highest in neonates and transplant patients. Nosocomial
infections caused by CMV have declined because of the use
of concentrated blood products and filters that decrease the
number of leukocytes per unit, cold storage of blood prod-
ucts, and screening of donated blood prior to transfusion
for high-risk, CMV-negative recipients. Treatment of post-
transfusion CMV-related mononucleosis is restricted to
supportive therapy.

Interpreting Culture Results and
Microbiologic Serologies

The usefulness of the information provided by the micro-
biology laboratory is directly dependent upon the reliabil-
ity of the specimen submitted and the ability of the
clinician to interpret the results accurately. Specimens sub-
mitted for culture should be representative of the suspected
infection and should be obtained in such a way as to avoid
contamination. For example, cultures from draining si-
nuses misrepresent the true microbiology of the deeper in-
fection. Sinus tract cultures obtained in association with
chronic osteomyelitis are only 50% sensitive and specific
for organisms isolated directly from bone at the time of
surgery. Similarly, positive cultures from surgical drains
that have been in place for days or weeks likely represent
colonization of the drainage tube and do not reflect the
underlying infection. During the acquisition of cultures,
one should try to avoid contamination by indigenous flora
and submit an adequate amount. Swabs often are abused.
Cultures of swabs of skin or mucous membranes are often
uninterpretable or give misleading data because of con-
tamination by normal flora. In addition, swabs contain
minimal material and can give false-negative results.
Whenever possible, fluid and tissue specimens should be
obtained rather than swabs of evacuated abscess or tissue.
Specimens should reach the laboratory in a timely manner,

and ideally should be obtained prior to the administration
of antibiotics. The clinician should communicate directly
with the interventional radiologist or surgeon to emphasize
the importance of obtaining adequate specimens. By pro-
viding the laboratory with clinical data, specific pathogens
can be sought by a variety of culturing techniques.

Upon reaching the laboratory, many specimens undergo
direct microscopic examination for bacteria, mycobacteria,
and fungi. Because microscopy is much less sensitive than
culture, a negative stain does not exclude the presence of in-
fection. The sensitivity of direct stains depends upon mi-
crobial load. For example, cerebrospinal fluid is positive in
60%–80% of patients with meningitis; peritoneal fluid is
positive in 30%–50% with bacterial peritonitis, sputum for
acid-fast bacilli positive in up to 50% of patients with pul-
monary tuberculosis, and joint fluid specimens positive in
about 50%–70% of cases of septic arthritis. A positive stain
indicates the presence of a significant number of organisms
and should never be ignored. A negative culture in the pres-
ence of a positive Gram’s stain suggests prior antibiotic
therapy or infection with a fastidious organism.

Most specimens are cultured in a way that allows the
amount of growth to be semi-quantitated, and this infor-
mation can be extremely helpful. Specimens usually are
innoculated on growth plates by making three separate
streaks on the plates and then are placed in a liquid broth.
Growth in liquid medium only is reported by the microbi-
ology laboratory as growth in “broth only” or as “very few”
organisms being present. Such results must be interpreted
cautiously because they frequently represent contamina-
tion, especially when organisms of low virulence (e.g.,
Staphylococcus epidermidis or Corynebacterium spp.) are iso-
lated. If the culture report is broth only, submission of an-
other specimen is often helpful in resolving the issue of
contamination versus infection. The presence of moderate
or numerous organisms is almost always indicative of
infection, provided the specimen is appropriate. In some
circumstances, the organism isolated and the immune sta-
tus of the patient are more important than the quantity of
organism isolated. For example, isolation of Nocardia
species, Cryptococcus neoformans, or Coccidioides immitis
from sputum, regardless of quantity, is likely to be indica-
tive of infection. These organisms are not part of the nor-
mal flora and when present, they almost always correlate
with disease. Similarly, although Aspergillus organisms may
colonize patients who have received prolonged antibiotic
therapy, isolation of even a single colony from an im-
munosuppressed patient may be significant and requires
further evaluation.

A number of nonculture technologies have been applied
in the microbiology laboratory to improve diagnostic yield.
Common examples include direct fluorescent antibody
testing for Legionella in sputum, herpesviruses in vesicu-
lar fluid, antigen detection for CMV in blood, group
A streptococci on throat swabs, C. neoformans in blood
and CSF, Legionella and Histoplasma capsulatum in the
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urine, and giardia and rotavirus in stool. Polymerase chain
reaction (PCR)-based genomic tests are available for
parvovirus B19 and herpesviruses in the CSF. In general,
these tests are very specific (over 90%), but sensitivity is
variable (although better than culture). A negative test does
not always exclude the diagnosis. Sensitivity is in excess of
90% for antigen detection of C. neoformans in cerebrospinal
fluid, PCR for herpes in cerebrospinal fluid, PCR for
parvovirus B19 in aplastic anemia and detection of CMV
antigenemia in immunocompromised patients with CMV
end-organ disease.

Interpretation of culture results ultimately depends
upon the clinical response to antimicrobial therapy. Often
the clinician can localize the source of the infection, predict
bacteriology based upon the organ system involved, and
choose empiric therapy based on predicted bacteriology
and historic sensitivity patterns. If culture results confirm
the initial impression, therapy can be continued with con-
fidence. Laboratory data that contradict initial impressions
about bacteriology must be reexamined carefully. If the
specimen was obtained from a normally sterile site and
organisms are isolated that do not support the original pre-
dictions of etiology, a change in therapy may be needed.
On the other hand, isolation of an organism from a non-
sterile site may represent colonization; if the patient is im-
proving, a change in therapy may not be required. Cultures
obtained after starting antimicrobial therapy must be inter-
preted carefully. Significant infections may take several
days to respond even to appropriate therapy, and pro-
longed fever and leukocytosis may be part of the natural
history of the infection. Before changing antibiotics, con-
sultation with an infectious-diseases subspecialist might be
helpful to assess whether the clinical course is consistent
with an appropriate but delayed response. If a patient is
truly not responding to therapy, additional considerations
include appropriateness of drug dosage, penetration of the
antibiotic into the site of infection, presence of undrained
pus, presence of a foreign body, superinfection, emergence
of a resistant organism, or the possibility of polymicrobial
infection in which not all of the causative organisms are
being treated.

Optimally, the diagnosis of an infection is based on
isolation of the specific pathogen, but in many circum-
stances this is not possible. In these situations, confirma-
tion of diagnosis may be sought by using serologic
techniques. Making a specific diagnosis by serologic tech-
niques is fraught with difficulty and rarely helps with the
acute management of patients. The major pitfalls in sero-
logic interpretation are the assumptions that a negative titer
excludes disease and a positive titer indicates that a given
organism is causative. Neither of these statements is
entirely true.

Many different serologic tests are in existence, and these
vary in sensitivity and specificity. Furthermore, the im-
munologic response to infection is variable. In general, IgM

antibodies appear at 1–2 weeks after infection, peak at
3–4 weeks, and persist for several months before becoming
undetectable. IgG antibodies appear later (2–3 weeks),
peak later, and can persist for months or years. Thus, de-
pending on which test is performed, when disease samples
are tested, and which antibody class is tested, initial results
may be negative. Prior antibiotic therapy may delay or
abort the development of specific antibodies, and im-
munosuppressed patients may not develop antibodies
even if significant infection is present.

Conversely, a positive titer is not necessarily indicative
of active infection. Because IgG antibodies may persist for
life, previous exposure to an organism can result in positive
serologic tests. To make a definite serologic diagnosis of an
infectious disease, one must demonstrate seroconversion
or a fourfold rise or fall in antibody titers in paired sera
drawn several weeks apart. A single very high titer may be
suggestive of disease, but this must be interpreted with cau-
tion, because previous infection may result in persistently
elevated high titers.

KEY POINTS

■ Serious underlying infection may be present in the ab-
sence of localizing symptoms or signs.

■ Careful attention to historical aspects of illness, as well as
meticulous and repeated physical examinations, may re-
veal subtle clues that allow diagnoses to be made.

■ Although often nonspecific, laboratory abnormalities in-
terpreted in a clinical context frequently allow a pre-
sumptive diagnosis of infection to be made and empiric
antimicrobial therapy to be instituted.

■ The microbiology laboratory is invaluable in diagnosis
and treatment but requires submission of reliable speci-
mens for culture and accurate interpretation of results.

■ Direct communication with the laboratory is critical in
examining microbiolic information that can directly im-
pact patient care and outcome.
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Infections in

Immunocompromised

Hosts
Nesli Basgoz

INTRODUCTION

Features of the Compromised Host

A compromised host is an individual who has one or more
alterations or defects in the body’s defenses, defects that
render the individual more susceptible to severe infections.
There are several important principles that should guide
the approach to these patients:

■ The inflammatory response to infection is attenuated,
thereby abolishing or diminishing the typical signs and
symptoms of inflammation and making early diagnosis
difficult. This is particularly dangerous in a patient pop-
ulation in which morbidity and mortality rates from in-
fection are high.

■ Therefore, the clinician’s approach to even subtle signs
and symptoms needs to be rapid and aggressive. Because
the range of possible infections is vast, therapy should be
tailored to the specific clinical presentation if possible
and not be purely “algorithmic.”

■ However, localizing signs, symptoms, or cultures are not
always present. Therefore, empiric broad-spectrum treat-
ment of suspected infection is mandatory in high-risk
patients whether or not they have localizing findings of
infection.

Host defects can be divided into two major categories, non-
specific defects and specific immune defects. Nonspecific
defects predisposing patients to invasion or infection are pre-

sent in many hospitalized patients. They include alterations
in the anatomy and function of major organ systems and al-
terations of indigenous microbial flora. Chief among
anatomic alterations is disruption of skin and mucous
membranes. This may occur through chemotherapy-
induced mucositis, intravenous catheters, or infections such
as herpes simplex and Clostridium difficile. Perturbation in
organ function also may occur. Treatment of pain syn-
dromes with opiates may result in central nervous system
dysfunction and predispose to stasis, obstruction, and in-
fection in the respiratory, gastrointestinal, or genitourinary
tracts. Measures to protect mucocutaneous barriers include
oral and dental evaluation and treatment before elective
procedures such as transplantation, and ongoing hygiene
including topical antibacterial and antifungal agents such as
Peridex and clotrimazole or nystatin; prevention or treat-
ment of constipation; tailoring of pain regimens to avoid
unnecessary sedation; and paying careful attention to vas-
cular access. If signs or symptoms of infection occur in pa-
tients who have a disrupted mucocutaneous barrier, empiric
therapy targeting flora indigenous to that site should be
started.

Microbial flora are altered by many factors. Chronic dis-
ease, debilitation, hospitalization, and stasis are associated
with a shift in oropharyngeal and respiratory tract flora to-
ward Gram-negative aerobes and with migration of colonic
flora into the small bowel. However, antimicrobial therapy
has the most dramatic effect on indigenous flora. Broad-
spectrum antibiotics with anaerobic activity eliminate

63

26410 ch 063  3/11/05  5:13 PM  Page 613



“colonization resistance,” the ability of avirulent anaerobes
to prevent colonization by potentially more virulent aer-
obes or yeast. Results may be particularly disastrous if col-
onizing nosocomial flora are highly resistant, such as van-
comycin-resistant enterococci (Chapter 64). Alteration in
microbial flora can be avoided by providing care in an out-
patient rather than an inpatient setting; appropriate hand
hygiene; preventing stasis or obstruction in the gastroin-
testinal, genitourinary, and respiratory tracts; and using an-
timicrobials prudently.

PATTERNS OF IMMUNOCOMPROMISE

Specific defects in immune function are associated with
typical infectious disease syndromes; knowledge of these
defects and syndromes can direct diagnostic testing and
early therapy. The major categories of immune dysfunc-
tion are humoral immune dysfunction, granulocytopenia
(neutropenia), and cellular immune dysfunction (Table
63.1). Patients develop both granulocytopenia and cellu-
lar immune dysfunction after bone marrow transplanta-
tion. This chapter describes a general approach to adult
patients with the major categories of immune defects, a
task made more difficult by the heterogenous nature of
the patient population, and the lack of systematic study of
many areas.

SPECIFIC IMMUNOCOMPROMISED
STATES

Humoral Immune Dysfunction

Patients with hypogammaglobulinemia lack opsonizing
antibodies to encapsulated bacteria, leading to severe infec-
tions with Streptococcus pneumoniae, Haemophilus influenzae,
Neisseria meningitidis and, less commonly, Escherichia coli
and other encapsulated pathogens. Patients with multiple
myeloma, chronic lymphocytic leukemia, and splenectomy
may have hypogammaglobulinemia. Asplenic patients also
lack the filtering function of this reticuloendothelial organ.
Asplenia may be anatomic or functional (e.g., resulting
from sickle-cell disease).

Systematic studies of therapeutic strategies in these pa-
tients are lacking. However, because infection may be ful-
minant, any hypogammaglobulinemic or asplenic patient
who develops a fever should attempt to access medical care
within 1 hour, at which time blood cultures and other
appropriate evaluation should be performed with antibi-
otic treatment started immediately. In adult patients who
appear nontoxic, outpatient therapy with oral ampicillin,
500 mg four times a day, or amoxicillin 500 mg three times
per day, is likely sufficient, as this covers most pneumo-
cocci, unencapsulated H. influenzae (which predominates
in adults), and N. meningiditis.
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TABLE 63.1
SPECIFIC DEFECTS IN IMMUNE FUNCTION AND COMMON 
ASSOCIATED PATHOGENS

Humoral immune dysfunction: encapsulated
bacteria
Streptococcus pneumoniae
Haemophilus influenzae
Neisseria meningitidis
Escherichia coli

Granulocytopenia or neutropenia
Bacteria

Gram-positive
Coagulase-negative staphylococci
Staphylococcus aureus
Viridans streptococci, pneumococci, 

other streptococci
Corynebacterium spp., especially 

group JK
Bacillus spp.

Gram-negative
Escherichia coli
Klebsiella pneumoniae
Pseudomonas aeruginosa

Fungi
Candida albicans and other Candida

spp.
Aspergillus spp.

Cellular immune dysfunction
Bacteria

Salmonella spp.
Listeria monocytogenes
Legionella pneumophila
Nocardia spp.
Mycobacterium tuberculosis and atypical

mycobacteria
Fungi

Cryptococcus neoformans
Histoplasma capsulatum
Coccidioides immitis
Aspergillus spp.

Protozoa
Pneumocystis jirovecii
Toxoplasma gondii
Cryptosporidium spp.

Viruses
Herpes simplex
Varicella zoster
Cytomegalovirus
Epstein-Barr virus

Helminth: Strongyloides stercoralis
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In adult patients who appear ill, admission and intra-
venous therapy are required. For pneumococcal coverage,
antibiotic selection should depend on the local prevalence
of penicillin-resistant Pneumococcus, particularly if central
nervous system infection is suspected. If the likelihood of
penicillin resistance is low, penicillin at a dose of 12–24
million units per day (depending on whether central ner-
vous system infection is suspected) or ampicillin (12 g/d)
may be sufficient. If there is a significant risk of penicillin
resistance, vancomycin or ceftriaxone should be added un-
til cultures and results of susceptibility testing are available
(Chapter 64). In pediatric patients, especially those who
did not receive H. influenzae vaccination before splenec-
tomy, an agent that treats �-lactamase–producing strains of
H. influenzae should be used. Possible choices include a
second- or third-generation cephalosporin such as cefurox-
ime or ceftriaxone (in maximal meningeal doses if
needed). These agents have the added benefit of treating
strains of Gram-negative bacilli that may not be susceptible
to ampicillin or amoxicillin.

Hospitalized patients who have a microbiologically-
documented infection should be treated with the most
effective and cost-effective regimen for that organism in
that site. In febrile patients who lack a microbiologically-
documented infection, those with no demonstrable source
of bacterial infection, no initial toxicity, and rapid defer-
vescence are at low risk for complications. In such patients,
it is reasonable to stop antibiotics after 3 or more days of
therapy (particularly if a source of fever other than bacte-
rial infection has become apparent) or to complete a 7- to
14-day course of an antibiotic. Depending on the organ-
ism suspected and its local epidemiology, oral agents such
as ampicillin, amoxicillin, or second- or third-generation
cephalosporins may be used to complete the course.

Finally, all asplenic patients should have available and
take an oral antibiotic if they have a fever and cannot access
care in 1 hour. Traditionally, this antibiotic has been amox-
icillin or ampicillin. However, if encapsulated H. influenzae
or ampicillin-resistant Gram-negative organisms are of
concern, other potential options include ampicillin–clavu-
lanate, oral second-generation cephalosporins, and levo-
floxacin (1).

Neutropenia

Clinical Features of the Febrile,
Neutropenic Host

The differential diagnosis of neutropenia is reviewed in
Chapter 89. Patients at high risk of developing infections
during granulocytopenia include those with leukemia,
those receiving chemotherapy for leukemia or lymphoma,
and those receiving chemotherapy for other cancers, in-
cluding small-cell lung carcinoma, testicular cancer, and
sarcomas. Patients with aplastic anemia, cyclic neutrope-
nia, HIV infection, and other chronic conditions in which

neutropenia may be a feature appear to be at lower risk of
neutropenic infection.

Many factors influence the risk of infection and the mor-
tality rate in patients with neutropenia. These include the
depth of the absolute neutrophil count (ANC) (with the
highest risk at �100 cells per mL and a demonstrably in-
creased risk at 500–1,000 cells per mL), a rapid rate of de-
cline of ANC, and longer durations of neutropenia. Mod-
ern bone-marrow transplantation usually results in 3–4
weeks of neutropenia; the neutropenia from induction
therapy of nonlymphocytic leukemia is shorter. The neu-
tropenia resulting from chemotherapy of solid tumors usu-
ally lasts less than 1 week.

Evaluation

Patients who are febrile and neutropenic should have a
meticulous history taken, focusing on even minor changes
in symptoms and on any recent exposures. There is no strict
definition of fever in this population; any temperature
above normal may be significant. Many studies consider a
single oral temperature �38.3°C or a sustained tempera-
ture (over 1 hour) �38.0°C to define the febrile state. What-
ever the definition, all fever in the setting of neutropenia
should be presumed initially to be infectious. Non-
infectious causes of fever, including drug fever, transfusion
reactions, thromboembolic disease, or fever caused by per-
sistence or recrudescence of the underlying disease also
should be considered. Fever may not always be present even
with established infection, so other signs of clinical deterio-
ration (e.g., relative hypothermia or hypotension, tachyp-
nea, altered mental status) also should prompt evaluation
and possibly treatment in neutropenic patients, especially
in those at high risk (ANC �500 cells per milliliter).

At least two sets of peripheral blood cultures, plus one set
from each port of any indwelling catheters, should be ob-
tained prior to antibiotics. A urinalysis and a urine culture
also should be done. In the patient who has recently re-
ceived antibiotics or who has any gastrointestinal symp-
toms, a stool for C. difficile toxin should be obtained. The
yield of stool examination for bacteria, ova and parasites,
and viruses in patients hospitalized for more than 3 days is
low, and it is reasonable to do these tests only if symptoms
persist and C. difficile toxin is not present. Examination of
spinal fluid is not recommended unless signs or symptoms
of central nervous system involvement appear. A chest ra-
diograph should be performed; in patients with gastroin-
testinal symptoms, upright and supine radiographs should
also be considered. In patients who have localizing symp-
toms or signs, and have negative plain x-rays, chest or ab-
dominal CT scan should be obtained. Skin lesions other
than simple cellulitis should be aspirated or biopsied for ap-
propriate pathologic examination, stains, and cultures.

The majority of infections in patients with neutropenia
occur at a few sites. These include peridontium and
oropharynx, lung, gastrointestinal tract (including the
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esophagus, small bowel, colon, and rectal and perirectal ar-
eas), vascular catheter access sites, other skin sites, and uri-
nary tract, particularly if a catheter is in place. A thorough
examination should include evaluation of all of these sites
and of the optic fundus.

Decision to Admit

Although admission has been the standard for febrile neu-
tropenic patients because of the high overall risk of medi-
cal complications, it is increasingly apparent that low-risk
patients can be identified and safely partially or fully
treated at home, as discussed in the Infectious Disease So-
ciety of America (IDSA) guidelines for the use of antibiotics
in febrile, neutropenic patients (2). Low-risk patients lack
co-morbid illnesses, systemic toxicity, or uncontrolled can-
cer; have no evidence of significant localized infection; can
be adequately observed at home; and have telephone con-
tact with the providers and rapid access to the hospital. The
degree of the neutropenia also has influenced the risk in
some studies. Both intravenous antibiotics and oral antibi-
otics have been studied in the ambulatory setting. Oral
therapy improves convenience, avoids catheter use and
decreases cost of treatment. Options include newer
quinolones such as levofloxacin, oral first-, second- or
third-generation cephalosporins, and the combination of
ciprofloxacin plus amoxicillin-clavulanate. This latter com-
bination regimen was equivalent to parenteral therapy in a
placebo-controlled trial of low risk patients, and is specifi-
cally endorsed by the guidelines.

Initial Inpatient Antibiotic Therapy

Initial therapy should take into account the severity of ill-
ness, the site suggested by the patient’s presentation, aller-
gies, risks for toxicities or drug interactions, and the local
and national epidemiology of infection in neutropenic pa-
tients. Historically, in patients presenting with presumed
infection, a clinical diagnosis of infection is made in
40%–60% of febrile episodes. The infection is confirmed
microbiologically in only about one-half of these clinically
diagnosed cases. In the past decade, documented infections
have shifted from aerobic Gram-negative bacilli (i.e., E. coli
and Klebsiella, Proteus, and Pseudomonas organisms) toward
Gram-positive bacteria (Staphylococcus epidermidis, strepto-
cocci including vancomycin-resistant enterococci, and
corynebacteria). Although cultures of the nares, orophar-
ynx, and stool may aid in infection control and demon-
strate the colonizing flora in neutropenic patients, these
cultures are not specific for infection, and their routine use
is not recommended. Respiratory-tract cultures for As-
pergillus organisms may be an exception to this rule.

Several different initial empiric antibiotic regimens have
been proposed for the febrile neutropenic patient; many
are equivalently efficacious. Figure 63.1 summarizes a set
of recommendations adapted from the IDSA guidelines.

Subsequent Management of Antibiotics

Guidelines for management of antibiotics after initial ther-
apy are summarized in Figures 63.2 and 63.3.

Early Defervescence on Therapy
The median time to defervescence on antibiotics in neu-
tropenic patients is 5 days. Patients who defervesce within
this period can be divided into those in whom a likely site
or pathogen is identified and those in whom it is not. If a
likely infection is identified, therapy should be altered to
provide optimal treatment with minimal toxicity and low-
est cost, but broad-spectrum coverage still should be con-
tinued. Antibiotic treatment should continue for at least as
long as a similar infection in a normal host would be
treated. A longer duration should be considered if the initial
presentation was particularly severe, if the organism is viru-
lent, if clinical or microbiologic response was slow, or if po-
tential sites of invasion are still present. If patients improve
and the ANC is �1,000 cells per mL therapy usually can pro-
ceed in the outpatient setting with intravenous or oral an-
tibiotics. Ideally, the ANC should be �500 cells per mL be-
fore stopping. However, if all clinical signs and symptoms
of infection have resolved and a reasonable duration of ther-
apy has been given, discontinuation of antibiotics with care-
ful observation appears safe.

If no cause is identified, patients can be stratified into
low- and high-risk groups. Low-risk patients, whose fea-
tures are summarized in Figure 63.2, are unlikely to require
broadening of their initial regimen, are likely to do well on
oral antibiotics in the outpatient setting, and are unlikely to
develop relapse or other complications after discontinua-
tion of antibiotics. They can be managed with brief courses
of mostly oral therapy, completed in the outpatient setting.
Approaches to higher-risk patients who respond to empiric
antimicrobials are also outlined in the figure.

Persistent Fever During the First Five Days
of Therapy
Persistent fever may represent a slower than average response
to treatment, an infection with bacteria resistant to the an-
tibiotics used, a loculated infection, a nonbacterial infection,
or a noninfectious cause of fever (Figure 63.3). Patients who
are well and have ANCs �500 cells per mL may not require
alteration or even continuation of therapy in this setting.
However, patients who have an ANC �500 cells per mL and
who have had no response in fever or clinical status should
have therapy altered as follows:

■ If an indwelling line is present or there is significant epi-
demiologic risk for penicillin-resistant pneumococci or
viridans streptococci, add vancomycin. If the initial regi-
men did not include coverage of a resistant Gram-negative
pathogen known to be present in the patient or the hos-
pital environment, consider a switch to a �-lactam with
better activity or addition of an aminoglycoside. If the ini-
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tial regimen did not include good anaerobic activity, con-
sider its addition. Also consider unusual infections.

■ If loculated infection is suspected, appropriate imaging
and local drainage should be performed. Indwelling
catheters that have tunnel infections and clinically unre-

sponsive exit-site infections may require line removal for
cure. In addition, patients with persistently positive cul-
tures for any organism or infections with Bacillus or Can-
dida spp. also should have indwelling lines removed.

■ Evaluate and exclude noninfectious sources of fever.
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Figure 63.1 Initial inpatient therapy of fever and neutropenia. aIf no clinical or microbiologic evi-
dence suggests MRSA, MRSE, or other infection requiring vanomycin by 3–4 days, stop therapy.
MRSA, methicillin-resistant Staphylococcus aureus; MRSE, methicillin-resistant Staphylococcus epi-
dermidis.

For conditions including:
• Catheter-related infection
• Severe mucositis
• Known or suspected colonization

with MRSA
• Prior antibiotics (e.g., quinolones)

selecting for MRSA
• High institutional risk of MRSA
• Patient toxic or septic
• Patient  has severe ß-lactam allergy

Yes

Is vancomycin necessary?

Yes

Vancomycina

No

Is enhanced therapy for Gram-positive cocci
or for oral or bowel anaerobes needed?

YesNo

For conditions including:
• Gingivostomatitis
• Esophagitis or enteritis
• Patient toxic or septic

Cefepime or
ceftazidime

Is synergistic therapy for Pseudomonas
or other resistant Gram-negatives needed?

YesNo

Do not add aminoglycoside

For conditions including:
• Enteritis (e.g., C. difficile),

typhlitis
• Known or suspected colonization

with Pseudomonas
• Prior antibiotics selecting

for Pseudomonas
• High institutional risk of

Pseudomonas
• Patient toxic or septic

Add aminoglycoside to
imipenem, meropenem or
other anti-pseudomonal
ß-lactam

Imipenem or meropenem
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Patients who remain neutropenic for extended periods
are at risk for invasive mycoses. Antemortem diagnosis is
difficult because of the poor sensitivity of diagnostic
techniques. Given the morbidity and mortality rates of
late or disseminated infection, empiric therapy is
required. Presumptive or early treatment of aspergillus has
been hampered by the lack of a sensitive diagnostic test.
This creates a tension: empiric therapy of aspergillus is ex-
pensive and may be toxic, yet by the time clinical and
chest CT findings of the disease emerge, mortality is un-

acceptably high. A recently licensed blood test, the Platelia
Aspergillus galactomannan assay, has been evaluated for
early diagnosis in immunocompromised hosts. Depend-
ing on patient population, sensitivity is in the 80% range,
with even higher specificity. While much needs to be
learned about the optimal use of this assay, it already
provides a useful adjunct for the early diagnosis of inva-
sive aspergillus (3).

In general, empiric antifungal therapy is indicated for
patients who remain neutropenic and febrile (or who
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Figure 63.2 Inpatient management of neutropenia with early defervescence on therapy.
ANC, absolute neutrophil count; MM, mucous membranes.

Figure 63.3 Inpatient management of neutropenia with persistent fever on therapy.
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redevelop a fever) despite approximately 5–7 days of broad-
spectrum antibacterial therapy (4). Amphotericin B is a
broad spectrum agent with potent fungicidal activity against
most yeasts and molds. There is extensive experience with
this drug and most guidelines still favor its use for empiric
therapy in febrile neutropenic patients. Voriconazole is an
alternative for empiric antifungal therapy. In patients in
whom Candida organisms appear most likely, doses of
0.5–0.6 mg/kg of amphotericin B per day may be used. This
includes patients during the recovery phase of neutropenia,
in whom hepatosplenic candidiasis is more common, and
patients with any clinical, laboratory, or radiographic signs
of this syndrome. Patients with mucous membrane lesions
such as mucositis or colitis are also at risk for invasion of col-
onizing Candida organisms. Patients in whom Aspergillus or-
ganisms are suspected should be started on 1.0–1.5 mg/kg
of amphotericin per day. This may include patients who
have prolonged neutropenia, respiratory-tract colonization
with Aspergillus organisms; concurrent defects in cellular im-
munity; or cutaneous, pulmonary, or central nervous sys-
tem signs or symptoms suggesting aspergillosis. Liposomal
amphotericin preparations are up to 10 or 20 times more
expensive, and should be reserved for patients who cannot
tolerate the conventional drug or have significant preexist-
ing renal insufficiency. Caspofungin is not recommended
for empiric therapy (5).

Patients should be rapidly assessed for deep fungal
infection as empiric therapy is being started, with chest ra-
diograph (and computed tomography scan if there are any
upper or lower respiratory tract signs or symptoms, or if the
respiratory tract is colonized with Aspergillus organisms)
and abdominal computed tomography or magnetic reso-
nance imaging if hepatosplenic candidiasis is suspected. If a
causative agent and clinical syndrome are documented, this
should determine the dose and course of antifungal ther-
apy. Treatment of documented candidemia can be com-
pleted with fluconazole or amphotericin preparations,
depending on speciation and fluconazole susceptibility of
the Candida species. Intravenous caspofungin is an alterna-
tive for patients with species of Candida likely to be suscep-
tible, especially those intolerant of the traditional regimens.
In Aspergillus infection limited to the lung, monotherapy
with voriconazole (oral favored over intravenous adminis-
tration) or amphotericin is reasonable. Though data are lim-
ited, in CNS infection or suspected disseminated infection,
many experts would favor combination therapy with
voriconazole plus caspofungin, with or without high doses
of an amphotericin preparation. However, if no fungal
infection is found, duration of therapy should be individu-
alized according to the degree of persistent neutropenia and
the risk for deep fungal infection.

Prevention of Infection in Neutropenic Patients

Hand cleansing is highly effective. A “neutropenic diet”
avoiding fresh fruits and vegetables containing high titers

of bacteria is simple and inexpensive. Although studies
show some efficacy for systemic bacterial prophylaxis with
oral trimethoprim–sulfamethoxazole (TMP-SMX) or
quinolones, their use cannot be recommended routinely.
This is because they have no demonstrable effect on mor-
tality rate (since most infection can be successfully
addressed by early empiric therapy) and because of the
enormous concern over emergence of resistant organisms
(Chapter 64). However, they may be appropriate for short
periods in patients who have periods of particularly high
risk for bacterial infection, such as those undergoing
instrumentation. Systemic antifungal prophylaxis is associ-
ated with emergence of resistant fungi and is also not rou-
tinely recommended. There is no role for active or passive
immunization in febrile neutropenic patients. Hematopoi-
etic growth factors should not be employed routinely. Their
use is discussed further in Chapter 90.

CELLULAR IMMUNE DYSFUNCTION

Clinical Features of the Host with Cellular
Immune Dysfunction

Cell-mediated immunity refers to those aspects of the
immune response that are mediated by T lymphocytes,
natural killer cells, and mononuclear phagocytes. Although
cell-mediated immunity is critical in the control of infec-
tion caused by intracellular pathogens such as viruses,
fungi, and mycobacteria, it is also important in the control
of many extracellular pathogens such as Pneumocystis
jirovecii and in regulation of the global immune response.
Table 63.2 lists some of the conditions causing defective
cell-mediated immunity (see Table 63.1 for commonly as-
sociated infections). The most commonly encountered
condition in adult medicine is iatrogenic immunosuppres-
sion. The drugs referred to in Table 63.2 and reviewed in
Table 102.4 are used in the treatment of many conditions,
including lymphoreticular and other malignancies, con-
nective tissue diseases and other autoimmune diseases.
However, solid-organ transplant recipients are the proto-
typical patients with prolonged and profound depression
in cell-mediated immunity. This section focuses on princi-
ples of infection in this patient population, though these
principles are applicable to other patients listed in Table
63.2. Because infection results in excessive deaths and in-
juries as well as hospitalization and cost, the most impor-
tant principle is effective prevention of infection.

Principles of Antimicrobial Prophylaxis in
Solid-Organ Transplant Recipients

Prevention must be stressed for two reasons: first, the previ-
ously mentioned attenuation in typical inflammatory re-
sponses; and second, the interactions and additive toxicities
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of antimicrobial agents with immunosuppressive agents
(Table 102.4) (6). Three types of interactions may be seen
between cyclosporine, tacrolimus and antimicrobial agents.
Several drugs, most notably rifampin, upregulate the
metabolism of cyclosporine and tacrolimus by the hepatic
cytochrome P450 system, thus decreasing levels of im-
munosuppression and potentially leading to allograft rejec-
tion. Other drugs, such as macrolides and imidazoles,
downregulate the metabolism of cyclosporine and
tacrolimus, leading to higher levels, potentially with in-
creased toxicity and overimmunosuppression. Finally,
additive toxicities include renal toxicity of agents such as
amphotericin, aminoglycosides, and high-dosage TMP-
SMX with cyclosporine and tacrolimus, and bone marrow
toxicity of agents such as high-dosage TMP-SMX with aza-
thioprine or mycophenolate. Careful monitoring for
antimicrobial toxicity and for changes in cyclosporine and
tacrolimus levels is required in this setting.

The risk of infection is determined by epidemiologic
exposures along with the patient’s state of immunosup-
pression. Potential epidemiologic exposures in the hospital
include recognized nosocomial pathogens such as As-
pergillus and Legionella organisms, C. difficile, and resistant
Gram-negative rods. Epidemiologic surveillance and mea-
sures to prevent transmission are critical. The net state of
immunosuppression is primarily determined by the dose,
duration, and temporal sequence of immunosuppressive
drugs. Kidney transplants generally require the least
immunosuppression, with increasing doses required for
hepatic, cardiac, and pulmonary allografts. Prophylactic
regimens are continued longer in transplant patients
requiring more prolonged immunosuppression. In addi-

tion to both nonspecific and specific immune defects that
contribute to immunosuppression, many transplant pa-
tients have other factors listed in Table 63.2, most notably
infection with the chronic, immunomodulating viruses.

Prevention can be accomplished by using antimicrobial
drugs in two different modes. The first is the prophylactic
mode, in which the antimicrobial is given to every patient.
This requires an infection that is common enough and an-
timicrobials that are safe enough to make prophylaxis
worthwhile. The second is the preemptive mode, in which an-
timicrobials are given to a subgroup of patients before they
develop symptomatic disease. The preemptive mode re-
quires the use of a clinical or laboratory characteristic to
identify a subgroup of patients at high risk, who would be
expected to derive maximal benefit from the treatment.
Given the current, standard immunosuppressive regimens,
there is an expected temporal sequence in which infections
occur posttransplant, although patients sometimes deviate
from it. A discussion of the evaluation and management of
the great variety of syndromes and infections that occur de-
spite prophylaxis is beyond the scope of this chapter. Expert
consultation should be sought early to facilitate rapid diag-
nostic and therapeutic decisions.

First Month Posttransplant

Rare causes of infection in this time period include un-
treated infection in the recipient and infection conveyed by
the allograft. Before the transplant, meticulous evaluation
of the donor as well as control of any infection present in
the recipient should occur. However, most infections
occurring in this time period are the same bacterial or can-
didal infections of the wound, lungs, urinary tract, or vas-
cular access catheters that occur in nonimmunosuppressed
surgical patients. The most important factor in prevention
is technically faultless surgery to prevent bleeding and
other fluid collections, devitalized tissues, anastamotic
leaks, and so forth. Decreasing duration of intubation, of
indwelling devices, and of immobilization are also critical.
Well-established indications for prophylaxis during this
time period include perioperative prophylaxis, prophylaxis
of urinary tract infection, and prevention of intraabdom-
inal infection in liver transplantation.

Perioperative antibiotics targeted to the skin and urinary
tract, such as cefazolin begun intraoperatively and contin-
ued for less than 24 hours postoperatively, are effective in
preventing infection in renal transplant patients and have
been applied to liver and heart transplantation. In the case
of lung transplantation, studies are lacking, but practice has
been to use antibiotics targeted to the respiratory flora of
the donor and recipient.

Without prophylaxis, the incidence of urinary tract in-
fection in renal transplant recipients is 30%–60%. Urinary
tract infection in this setting frequently is associated with
signs of upper tract infection, bacteremia, and a high rate of
relapse with standard short-course therapy. Prophylaxis
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TABLE 63.2
CONDITIONS ASSOCIATED WITH IMPAIRED
CELL-MEDIATED IMMUNITY

Primary immunodeficiencies
Physiologically decreased CMI in the fetus, the neonate, and the

aged
Immunodeficiency secondary to malignancies

Hodgkin’s disease and other lymphoid malignancies
Hairy cell leukemia
Thymoma

Immunodeficiency resulting from metabolic factors
Malnutrition
Uremia

Immunodeficiency resulting from coexisting infections
HIV infection
Other viral infections, e.g., CMV, EBV, VZV, hepatitis B and C
Disseminated mycobacterial, fungal, parasitic infections

Iatrogenic immunodeficiency
Total lymphoid irradiation
Immunosuppressive drugs

CMI, cellular mediated immunity; CMV, cytomegalovirus; EBV, Epstein-
Barr virus; VZV, varicella zoster virus 
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with TMP-SMX, one single-strength tablet daily, or (if sulfa
allergic) ciprofloxacin 250 mg at bedtime, decreases the
incidence to 5%, is highly cost-effective, and typically is con-
tinued for 6–12 months. TMP-SMX has the added advan-
tage of providing prophylaxis against Pneumocystis jirovecii,
Nocardia asteroides, Listeria monocytogenes, and Salmonella
spp. For patients in whom urinary-tract infections recur af-
ter this period, long-term UTI prophylaxis may be appro-
priate after anatomic factors have been evaluated and
corrected.

Factors that increase the risk of infection after liver trans-
plantation include intraperitoneal hemorrhage, need for
reexploration, and the use of a choledochojejeunostomy
(rather than a choledochocholedochostomy) as an anasta-
mosis. A decrease in postoperative infection has been re-
ported with prophylactic regimens including quinolones
alone, oral gentamicin, polymyxin and nystatin or ampho-
tericin B, and cefazolin followed by TMP/SMX plus clotri-
mazole or nystatin. It is common for the biliary tree to be
colonized postoperatively. If biliary drainage tubes are
used, cultures may reveal enterobacteriaceae, enterococci,
and coagulase-negative staphylococci, or more resistant
flora if there has been prior hospitalization and antibiotics.
In one center, a dose of preemptive therapy with antibiotics
targeted to known or suspected biliary flora, given before
biliary tract manipulation or liver biopsy, has decreased the
rate of cholangitis or intrahepatic abscess.

Although additional prophylaxis may delay the onset of
these infections and may be appropriate for short periods
while technical or anatomic problems are being addressed,
its routine use selects for resistance and should be avoided.
Occurrence of typical opportunistic pathogens during this
time suggests either excessive nosocomial exposure or sig-
nificant immunosuppression preceding the transplant.

One to Six Months Posttransplant

Bacterial or candidal infections established in the immedi-
ate postoperative period may persist. However, this is the
time period during which the typical opportunistic
pathogens listed in Table 63.1 appear. Several infections
are common enough to warrant routine prophylaxis. Inci-
dence of P. jirovecii pneumonia (PCP) in solid-organ trans-
plantation ranges from 10%–15%. This is effectively elimi-
nated by one TMP-SMX single-strength tablet daily given
for the first 6–12 months of transplantation or, in the case
of lung transplantation, for the patient’s lifetime. Alterna-
tives in allergic patients include atovaquone, dapsone, or
aerosolized pentamidine. The incidence of deep fungal in-
fection is not high enough to warrant routine prophylaxis.
However, mucocutaneous fungal infections are common,
and the incidence is decreased by clotrimazole 10 mg twice
per day or nystatin swish and swallow 3 mL twice per day.
Cytomegalovirus (CMV) causes very significant direct and
indirect morbidity and mortality in this population (as
summarized in Table 63.3) (7). In seronegative recipients,

prevention of primary infection using CMV-negative blood
products is critical. With the availability of an orally
bioavailable formulation of ganciclovir (valganciclovir),
some higher risk patients now warrant routine CMV pro-
phylaxis (8). These include patients who  are donor
seropositive and recipient seronegative for CMV, patients
receiving antilymphocyte globulins or other significantly
augmented immunosuppression for rejection, and patients
early after lung transplantation. Preemptive therapy of viral
replication (without symptomatic disease) may be appro-
priate in many other transplant patients. Treatment of doc-
umented viral replication or clinical disease should be
done in conjunction with an infectious disease specialist.
These same patients at high risk for disease are also at risk
for drug resistance, particularly if they receive inadequate
doses or durations of antiviral treatment.

More than Six-Months Posttransplant

Patients with a functioning allograft fall into two groups.
The first includes those with good allograft function, on de-
creasing doses of immunosuppression, and free of chronic
viral infection. These patients increasingly develop infec-
tions observed in the community (e.g., influenza, bacterial
pneumonia, urinary tract infection), although opportunis-
tic infections still are seen. The second group is character-
ized by poor allograft function, one or more episodes of
acute or chronic rejection requiring increased immunosup-
pression, and infection with the chronic viruses. These pa-
tients remain at high risk for opportunistic infections, and
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TABLE 63.3
EFFECTS OF CYTOMEGALOVIRUS IN
TRANSPLANT RECIPIENTS

Direct effects
Acute viral syndrome, may include:

Fever, myalgias, arthralgias, headache
Leukopenia, thrombocytopenia, hepatitis

End organ disease
Allograft

Other tissues
Gastrointestinal tract including bowel, liver, pancreas
Pneumonitis
Encephalitis or retinitis
Myocarditis

Indirect effects
Allograft rejection and injury
Superinfection
Increased risk of post-transplant lymphoproliferative disease

associated with Epstein-Barr virus
Possible associations

Bronchiolitis obliterans in lung transplants
Accelerated coronary artery disease in heart transplants
Vanishing bile duct syndrome in liver transplants
Glomerulopathy in kidney transplants
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it may be appropriate to employ prophylaxis for mucocu-
taneous fungal and viral infections and for PCP for much
longer.

BONE-MARROW TRANSPLANTATION

General principles of bone-marrow transplantation and
unique infectious disease considerations are discussed in
Chapter 96. Principles of therapy of febrile neutropenia in
these patients are similar to those already described.

KEY POINTS

■ Compromised hosts may have specific or nonspecific de-
fects in immune function, and these defects are associ-
ated with typical infectious disease syndromes. Because
the inflammatory response to infection in these patients
is attenuated and the morbidity from infection is high,
early diagnosis and empiric therapy are critical.

■ In patients with impaired humoral immunity, early treat-
ment directed at encapsulated pathogens is essential.

■ In the case of febrile neutropenic patients, in whom both
bacterial pathogens and fungi are important, guidelines
exist for rational empiric antibacterial and antifungal
therapy. Although this therapy previously was provided
entirely in the inpatient setting, it is increasingly possible
to identify patients who can be either managed in the
outpatient setting or discharged home early.

■ In patients with solid-organ or bone marrow transplants
and long-term immunosuppression, knowledge of the

likely pathogens and the usual timing of their occurrence
is increasingly allowing design of effective and cost-
effective strategies to prevent infection.
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Parenteral Antibiotics

and Antibiotic 

Resistance
Lisa G. Winston Henry F. Chambers III

INTRODUCTION

Antimicrobial Resistance

Bacterial resistance to antimicrobial therapy has emerged as
a significant problem over the past 20 years, with concerns
escalating in the 1990s. Local patterns of resistance vary
widely, but the percentage of bacterial pathogens with re-
sistance to a single or multiple antibiotics increases yearly.
Risk factors for infection with resistant organisms include
direct exposure to people carrying them (e.g., the spread of
penicillin-resistant Streptococcus pneumoniae in day-care
centers) or environmental contamination (e.g., coloniza-
tion with vancomycin-resistant enterococci in hospital
wards and intensive care units). However, the true driving
force behind the emergence of antibiotic resistance is the
use of antibiotics themselves. Indiscriminate prescription
of antibiotics, for example for symptoms that are almost al-
ways caused by viral infections (1), is part of the problem.
In addition, the availability of antimicrobial agents with-
out a prescription in many parts of the world adds to the
overuse. In recent years, patterns of prescribing physicians
have begun to change in response to growing concerns
about bacterial antimicrobial resistance. For example,
some practitioners no longer prescribe antibiotics for rou-
tine acute otitis media in children because research has
shown that most cases resolve without specific treatment.

This paradox of increasing antimicrobial resistance fuel-
ing increased use of broad-spectrum antibiotics often

leaves the clinician with the dilemma of how best to care
for individual patients. Familiarity with local bacterial re-
sistance patterns, the usual pathogens in common infec-
tions, and specific therapy for a few resistant organisms
helps clinicians make rational decisions regarding empiric
and pathogen-specific selection of antibiotics.

Mechanisms of Resistance

A basic knowledge of the mechanisms that underlie bacte-
rial resistance is important in understanding the potential
for clinical failures and for the selection of appropriate an-
tibiotics if resistant pathogens have been isolated or are
suspected (Figure 64.1). There are three general mecha-
nisms of bacterial resistance: inability of the antibiotic to
reach its target; inactivation of the antibiotic before it
reaches its target; or alteration of the antibiotic target itself.
These mechanisms may operate independently but often
work in concert.

Impaired penetration may result from either the failure of
the drug to cross a membrane barrier (e.g., the outer mem-
brane of Gram-negative bacteria) or the presence of a trans-
membrane efflux pump that transports drug out of the cell.
Antibiotics penetrate the outer membrane of Gram-negative
organisms via outer-membrane protein channels. Absence
of the proper channel, or down-regulation of its production,
can prevent or greatly reduce drug entry into the cell.

Antibiotic inactivation is the principle mechanism of
resistance to �-lactam antibiotics and aminoglycosides. 
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�-lactamases are enzymes that hydrolyze the �-lactam
ring. �-lactamases produced by commonly encountered
organisms such as Staphylococcus aureus, Haemophilus
species, Bacteroides fragilis, and Escherichia coli are predomi-
nantly penicillinases with relatively weak activity against
cephalosporins. �-lactamases produced by more resistant
species (e.g., Pseudomonas, Enterobacter, and Serratia spp.) are
primarily cephalosporinases, although these enzymes also
have penicillinase activity. �-lactamases of gram-negative
species are located in the periplasmic space between the
cytoplasmic and outer membranes, which effectively pro-
duces an enzymatic barrier to antibiotic penetration.

Target alteration is the basis of penicillin resistance in
pneumococci, methicillin resistance in staphylococci, van-
comycin resistance in enterococci, and fluoroquinolone re-
sistance in both Gram-negative and Gram-positive organ-
isms. In the cases of penicillin and methicillin resistance,
the penicillin binding protein targets have been modified
in such a way that they bind �-lactams poorly, so usual
drug concentrations are ineffective. Vancomycin resistance
in enterococci is caused by alteration of the drug’s target in
the nascent cell wall. Resistance to fluoroquinolones is
caused by one or more point mutations in the primary tar-
get of the drug (DNA gyrase in E. coli and topoisomerase IV
in staphylococci).

Resistance may be acquired vertically by selecting
subpopulations with advantageous mutations or horizon-
tally by transfer of genetic material encoding resistance
determinants. Horizontal transmission has several poten-
tial advantages from the standpoint of bacterial survival.
The trait can be widely and rapidly disseminated to other

strains with high-level resistance achieved in a single
step, and the problem of lethal mutation is avoided. Hori-
zontally acquired resistance genes often are plasmid-
encoded, and plasmids can harbor many resistance factors
simultaneously.

Goals of Antibiotic Therapy

The general goals of antibiotic therapy are to eradicate in-
fection as quickly as possible and to minimize toxicity.
Choosing safe antibiotics with rapidly bactericidal activity
is always desirable. Using an antibiotic with the narrowest
possible spectrum of action likely helps prevent the emer-
gence and spread of resistant organisms. In addition,
broad-spectrum antibiotics dramatically alter normal host
flora, which leaves patients vulnerable to organisms of in-
trinsically low virulence, such as enterococci and yeast. Fi-
nally, traditional antibiotics with more focused bacterial
coverage frequently are less costly. Thus, in hospitalized pa-
tients for whom broad-spectrum or long-term antibiotic
therapy is being considered, it is essential that appropriate
cultures be taken before antibiotics are started so that ther-
apy can be narrowed once specific pathogens are isolated.
It is also important to recognize that many signs, symp-
toms, and laboratory abnormalities in the hospitalized pa-
tient that appear to be infectious in nature (such as fever or
opacities on a chest radiograph) in fact may not be (Chap-
ter 62). Therefore, their presence should not automatically
lead the clinician to broaden antimicrobial coverage.

Combination Therapy

The use of antibiotic combinations to treat serious bacterial
infections is common in hospitalized patients. There are
four circumstances in which a clinician should select com-
bination therapy: (1) if synergy between two agents has
been shown to result in faster killing of organisms and po-
tentially better outcomes for patients; (2) if combination
therapy has been demonstrated to prevent the emergence of
resistance; (3) if the agents chosen have distinct anatomic
sites of action; or (4) if the infection is polymicrobial, mixed
aerobic-anaerobic, or caused potentially by one of several
organisms so that no single drug is likely to cover all
pathogens. Enterococcal endocarditis is one example of an
infection that requires the use of a synergistic combination
(e.g., ampicillin plus gentamicin) to produce the bacterici-
dal activity that is required to cure this infection (Chapter
71). Tuberculosis is, perhaps, the best example of a disease
in which combination therapy is known to prevent the
emergence of resistance (Chapter 67). Although synergism
and prevention of resistance have been invoked as reasons
for combination therapy for invasive infections caused by
certain Gram-negative bacilli, this practice is quite contro-
versial. Pseudomonas aeruginosa has been most extensively
studied, and evidence supporting the use of combination
therapy for P. aeruginosa infection is most compelling (see
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Figure 64.1 Schematic of the envelope of a Gram-negative
bacterium illustrating mechanisms of antibiotic resistance. 1. The
antibiotic may fail to reach its target secondary to absence or
down-regulation of the outer membrane protein channel. 2. The
antibiotic may be transported out of the cell by a transmembrane
efflux pump. 3. The antibiotic may be inactivated before it reaches
its target (e.g., by a �-lactamase in the periplasmic space). 4. A
membrane-associated target (e.g., a penicillin-binding protein) may
be altered. 5. An intracellular target (e.g., DNA gyrase or topoiso-
merase) may be altered.
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pages 627–628). Use of rifampin-containing regimens for
the treatment of staphylococcal prosthetic valve endocardi-
tis is an example of combination therapy to target different
bacterial populations. Rifampin penetrates into and steril-
izes valve ring and suture-associated abscesses, whereas van-
comycin, �-lactams, and aminoglycosides—the other an-
tibiotics used to treat this infection—do not. Rifampin
cannot be used alone in such cases because resistance
emerges rapidly. Finally, combination therapy often is used
in the treatment of intra-abdominal infections, which fre-
quently are polymicrobial (Chapter 87).

CARE OF THE HOSPITALIZED PATIENT

This section describes the features of the most commonly
used antibiotics and the treatment of particularly challeng-
ing pathogens. It does not discuss the initial, empiric selec-
tion of antibiotics for common infections in hospitalized
patients; this is specifically addressed in other chapters.
However, it should be emphasized that an attempt to cover
all possible organisms is almost never indicated. Instead, one
should focus on the most common organisms that cause
particular clinical syndromes and select an antibiotic regi-
men that covers these pathogens well, taking local resistance
patterns into account. In general, patients who are more
severely ill merit broader initial coverage, because one can-
not afford to leave an unusual pathogen uncovered.

Overview of the Major Classes of Antibiotics

Aminoglycosides include streptomycin, neomycin,
kanamycin, amikacin, gentamicin, tobramycin, sisomicin,
and netilmicin. Aminoglycosides inhibit bacterial protein
synthesis and are most active against Gram-negative enteric
bacteria. They have no activity against anaerobes. Amino-
glycosides often are used in combination with another an-
tibiotic, usually a �-lactam. Resistance may be caused by
production of an inactivating enzyme, impaired entry into
the cell, or target alteration. Aminoglycosides are absorbed
very poorly if administered orally, and systemic levels can
be achieved only by intramuscular or intravenous adminis-
tration. Aminoglycosides are highly polar compounds that
do not enter cells or penetrate infected tissue and abscesses
readily. Clearance is directly proportional to creatinine
clearance. They are ototoxic and nephrotoxic. Toxicity is
more likely to occur if aminoglycosides are administered
for more than 5 days at high dosages in the elderly in
the setting of renal insufficiency, or with diuretics or other
potentially nephrotoxic agents (e.g., vancomycin or am-
photericin-B). In most cases, once-daily dosing of amino-
glycosides is the preferred mode of administration. Daily
dosing appears to have less toxicity and is as efficacious as
more frequent administration. However, daily dosing
should not be used in cases of endocarditis and still re-
quires dose adjustment in patients with renal failure.

�-lactam antibiotics include penicillins, cephalosporins,
carbapenems, and monobactams. They all are similar
chemically, mechanistically, pharmacologically, immuno-
logically, and clinically. �-lactams are the most widely pre-
scribed antibiotics, and their extensive use has exerted
enormous selective pressure favoring resistant organisms.
Broad-spectrum �-lactams eradicate normal flora, predis-
posing patients to colonization and superinfection with
opportunistic, drug-resistant species. �-lactam antibiotics
inhibit bacterial growth by inhibiting bacterial cell-wall
synthesis. These compounds are structural analogues of the
natural cell-wall substrate D-alanyl–D-alanine, and they
covalently bind to penicillin-binding proteins at the active
site of cell-wall synthesis. �-lactams are bactericidal only if
cells are actively dividing. Resistance to �-lactams results
from �-lactamase inactivation of the drug, alteration in
target penicillin-binding proteins, or impaired antibiotic
entry into Gram-negative bacteria. �-lactams are remark-
ably nontoxic; most of the serious adverse effects are caused
by hypersensitivity. Allergic reactions include anaphylactic
shock (0.05% of recipients), serum sickness, and skin
rashes.

Penicillins can be divided into three groups: Penicillins
(e.g., penicillin G) are most active against Gram-positive
organisms, Gram-negative cocci, and anaerobes. They are
poorly active against Gram-negative rods and are sus-
ceptible to hydrolysis by �-lactamases. Antistaphylococcal
penicillins (e.g., nafcillin) are resistant to staphylococcal 
�-lactamases and are active against staphylococci and strep-
tococci. They have no useful activity against enterococci,
most anaerobic species, and Gram-negative organisms.
Extended-spectrum penicillins (e.g., ampicillin, ticarcillin, and
piperacillin) have improved activity against Gram-negative
organisms, but they are destroyed by �-lactamases. Many
extended-spectrum penicillins have enhanced activity
against P. aeruginosa.

Cephalosporins are classified into four major groups or
“generations,” depending mainly on the spectrum of an-
timicrobial activity. As a general rule, first-generation com-
pounds (e.g., cefazolin) have better activity against Gram-
positive organisms, and the later generation compounds
exhibit improved activity against Gram-negative aerobic
organisms. Anaerobic cocci (e.g., Peptostreptococcus) are
sensitive to most cephalosporins. Cephalosporins are more
�-lactamase stable than penicillins and, therefore, usually
have a broader spectrum of activity. The cephamycin group
of second-generation compounds (cefoxitin, cefotetan, and
cefmetazole) are active against anaerobes (including many
B. fragilis). Third-generation cepahalsporins have improved
Gram-negative coverage and most (an exception being
ceftizoxime) achieve high levels in the cerebrospinal
fluid. Cephalosporins are not active against enterococci,
Listeria monocytogenes, or methicillin-resistant staphylo-
cocci. Cephalosporins are rarely the drugs of choice for a
specific organism but, because of their broad spectra, they
are used widely for empirical therapy. Third-generation
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cephalosporins, in particular, exert a strong selective pres-
sure favoring colonization by multidrug-resistant organ-
isms and fungi.

Imipenem and meropenem, are carbapenems that have
very broad spectra of activity, including Gram-negative
rods, Gram-positive organisms, and anaerobes. These com-
pounds are resistant to most �-lactamases. However, Ente-
rococcus faecium, methicillin-resistant strains of staphylo-
cocci, Clostridium difficile, Burkholderia cepacia, and
Stenotrophomonas maltophila are resistant to carbapenems.
Carbapenems are indicated for infections caused by multi-
drug-resistant organisms. They are effective as single agents
for treatment of febrile, neutropenic patients, and they are
an antibiotic of choice for treatment of Enterobacter infec-
tions. Seizures may occur with high doses of imipenem in
patients with renal failure.

Monobactams (aztreonam is the only one available in
the United States) are active only against Gram-negative
organisms. The antimicrobial spectrum resembles that of
aminoglycosides. Patients with serious allergic reactions
to penicillins or other �-lactams can be safely treated
with monbactams, which do not cross-react with other 
�-lactams.

�-lactamase inhibitors are �-lactam molecules with
weak antibacterial activity that inhibit many bacterial 
�-lactamases. Plasmid-encoded �-lactamases, such as those
produced by staphylococci, Haemophilus influenzae, Neisse-
ria gonorrhoea, Salmonella organisms, Shigella organisms,
E. coli, and Klebciella pneumoniae, are most susceptible to
inhibition, as are the chromosomal �-lactamases of
Bacteroides and Moraxella spp. The three inhibitors on the
market, clavulanate, sulbactam, and tazobactam, are thera-
peutically similar. Inhibitors are available only in fixed
combinations with specific penicillins: ampicillin/sulbac-
tam, piperacillin/ tazobactam, and ticarcillin/clavulanate.
The spectrum of the combination is determined by the
companion penicillin. The activity of the companion peni-
cillin is improved with the addition of an inhibitor only if
resistance is caused by �-lactamase production and the in-
hibitor is active against the �-lactamase produced.

Vancomycin is a glycopeptide antibiotic that inhibits 
cell-wall synthesis by binding to the terminal D-alanyl–D-
alanine of peptidoglycan precursor. Resistance to van-
comycin in enterococci results from modification of the pre-
cursor by replacement of D-alanine with D-lactate, which
eliminates a hydrogen bond critical for binding van-
comycin. Vancomycin is bactericidal for Gram-positive bac-
teria, both aerobic and anaerobic. Vancomycin is adminis-
tered orally only for the treatment of antibiotic-associated
enterocolitis caused by C. difficile. However, because of the
potential for selection of vancomycin-resistant enterococci,
this use of oral vancomycin has fallen into disfavor. Par-
enteral doses must be administered intravenously. Van-
comycin is eliminated by glomerular filtration. In function-
ally anephric patients, the half-life of vancomycin is

6–10 days. The drug is not removed by conventional
hemodialysis but is partly removed by high-flux dialysis.
The main indication for parenteral vancomycin is bac-
teremia caused by methicillin-resistant staphylococci. How-
ever, vancomycin is less effective than an antistaphylococcal
penicillin for treatment of serious infections, such as endo-
carditis, caused by methicillin-susceptible strains (Chapter
71). Other indications are empiric or definitive therapy for
infections (e.g., meningitis) caused by highly penicillin-re-
sistant strains of pneumococcus or Gram-positive infections
in patients with serious allergy to �-lactams.

Metronidazole is a nitroimidazole with potent antibacte-
rial activity against most anaerobes, including Bacteroides
and Clostridia spp. Resistance is uncommon among strict
anaerobes. The drug has excellent oral bioavailability,
achieving serum concentrations equivalent to those
following intravenous administration. Metronidazole is
indicated for treatment of anaerobic or mixed intra-
abdominal infections. It is not active against streptococci
and is less active than clindamycin against Gram-positive
anaerobes.

Macrolides are bacteriostatic inhibitors of protein syn-
thesis. They are a group of closely related compounds
characterized by a 14- to 16-member cyclic lactone ring.
Clarithromycin and azithromycin are semisynthetic deriva-
tives of erythromycin. Clarithromycin is virtually identical
to erythromycin with respect to antibacterial activity, except
that clarithromycin is more active against atypical my-
cobacteria and Haemophilus spp. Compared with ery-
thromycin and clarithromycin, azithromycin is slightly
less active in vitro against staphylococci and streptococci
and slightly more active against H. influenzae. Besides
azithromycin’s enhanced activity against Chlamydia spp.,
the clinical significance of these differences is unclear. These
agents are very active for infections caused by Legionella or-
ganisms. Because of frequent resistance in pneumococci
(15%–20%), group A streptococci (20%–40%), and
staphylococci (46%–60%), macrolides should not be used
as initial, single therapy in severely ill patients if these or-
ganisms are suspected. However, macrolides are effective
for the outpatient treatment of community-acquired pneu-
monia (Chapter 65).

Clindamycin is a chlorine-substituted derivative of lin-
comycin, an antibiotic that resembles erythromycin in
activity. Streptococci, staphylococci, and pneumococci are
inhibited by clindamycin. Enterococci and Gram-negative
aerobes are resistant. Bacteroides species and other anaer-
obes are usually susceptible. Clindamycin penetrates well
into abscesses. The most important indication for clin-
damycin is in the treatment of serious mixed or anaerobic
infections caused by Bacteroides organisms and other anaer-
obes. It is probably the antibiotic of choice for lung ab-
scesses. C. difficile is resistant, and antibiotic-associated col-
itis caused by this organism is an important complication of
clindamycin therapy.
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Tetracyclines are broad-spectrum bacteriostatic inhibitors
of protein synthesis. Their spectrum includes Gram-
positive and Gram-negative bacteria, anaerobes, and Rick-
ettsia, Chlamydia, and Mycoplasma organisms. Resistance re-
sults primarily from an efflux pump. Widespread and
indiscriminate use of tetracyclines (including use in animal
feed) has promoted resistance. Thus, tetracyclines have
fallen into disuse for treatment of many serious bacterial
infections. Tetracyclines are still among the drugs of choice
for brucellosis, plague, tularemia, and infections with
chlamydiae and rickettsiae. Doxycycline can be used alone
for outpatient therapy of community-acquired pneumonia
or for inpatient therapy in conjunction with other antibi-
otics (Chapter 65). Tetracyclines deposit in growing bones
and teeth and should be avoided in pregnant women and
children under age 8.

Trimethoprim-sulfamethoxazole blocks sequential steps in
the bacterial folate synthetic pathway, inhibiting growth
because bacteria are unable to take up exogenous folate.
This combination is active against both Gram-positive or-
ganisms (although activity against �-hemolytic strepto-
cocci is weak) and Gram-negative aerobes including enteric
organisms (such as E. coli and Klebsiella, Salmonella,
Shigella, and Enterobacter organisms), Nocardia spp., and
Chlamydia trachomatis. It is active against many respiratory
tract pathogens, including the pneumococci, Haemophilus
spp., Moraxella catarrhalis, and Klebsiella pneumonia (but not
Chlamydia pneumoniae, Chlamydia psittaci, or Mycoplasma
spp.), making it an alternative to �-lactams for treatment of
less serious respiratory infections. However, the high preva-
lence of strains of penicillin-nonsusceptible pneumococci
(PNSP) and E. coli (up to 30% or more) that are resistant to
trimethoprim-sulfamethoxazole no longer permits this
combination to be used for empirical therapy of pneumo-
nia or upper urinary tract infection. Trimethoprim-
sulfamethoxazole has no activity against anaerobes.

Fluoroquinolones are synthetic, fluorinated analogues of
nalidixic acid. They are active against numerous Gram-
positive and Gram-negative bacteria. Newer compounds
(e.g., gatifloxacin and moxifloxacin) have similar or
slightly less activity than ciprofloxacin against Gram-
negative organisms but enhanced activity against Gram-
positive organisms and anaerobes. Because of reports of
hepatic toxicity, trovafloxacin use is now restricted to inpa-
tients for whom no safe and effective alternative exists. In-
tracellular pathogens, including Legionella and Chlamydia
organisms and mycobacteria, are inhibited. Resistance re-
sults from selection of mutants producing altered drug tar-
get. Fluoroquinolones are effective for serious infections
caused by multidrug-resistant bacteria, such as Pseudomonas
and Enterobacter organisms. However, increasing use of flu-
oroquinolones for nosocomial infections has resulted in
steadily increasing resistance in formerly susceptible organ-
isms. In addition, the extensive use of fluoroquinolones in
the outpatient setting has led to an increase in fluoro-

quinolone-resistant pneumococci. While this resistance is
still uncommon, treatment failures have been reported,
particularly in patients who previously received fluoro-
quinolones (2). The safety of fluoroquinolones is un-
known during pregnancy, and these drugs may damage
growing cartilage. Thus, they are relatively contraindicated
in patients under age 18, during pregnancy, and for nursing
mothers.

Quinupristin/dalfopristin is a streptogramin antibiotic
which combines two semisynthetic derivatives of pristi-
namycin. The two components act synergistically at the site
of the bacterial ribosome to inhibit protein synthesis. Al-
though quinupristin/dalfopristin is effective against a num-
ber of Gram-positive organisms, including S. aureus and
Streptococcus pyogenes, it is used mainly for infections with
vancomycin-resistant Enterococcus faecium, against which it
is one of the few active drugs. Note that it is not active
against vancomycin-resistant Enterococcus faecalis. Use of
this drug is limited by side effects, including phlebitis,
myalgia, and arthralgia.

Linezolid is the first approved antibiotic of the oxazo-
lidinone class. It is a protein synthesis inhibitor that has
activity against staphylocci, streptococci, and enterococci.
This drug is useful for infection with resistant Gram-
positive organisms, especially vancomycin-resistant ente-
rococci and, in some cases, methicillin-resistant S. aureus.
Concerns about rapid development of resistance warrant
prudent prescribing of linezolid (3). Linezolid is highly
bioavailable and can be given orally or intravenously at
the same dosage. Thrombocytopenia has been reported,
and platelet counts should be monitored, especially with
extended use.

Problem Organisms

Multidrug-Resistant Gram-Negative Rods

Pseudomonas aeruginosa frequently causes infections in pa-
tients who have been treated previously with antibiotics,
patients with loss of skin integrity (e.g., burn victims), neu-
tropenic patients, and patients with cystic fibrosis. It is of-
ten isolated from the skin and respiratory tract of hospital-
ized patients, and respiratory colonization is especially
common in intubated patients. Therefore, a positive cul-
ture (unless from a sterile site) does not necessarily imply
that an infection is present. However, invasive Pseudomonas
infections are associated with a high mortality rate. Accord-
ingly, patients with suspected serious infection should be
treated with antipseudomonal therapy if Pseudomonas or-
ganisms are isolated from a corresponding site, such as spu-
tum or tracheal aspirate samples, and are predominant in
the sample. In addition to pneumonia in the hospitalized
patient, P. aeruginosa may cause urinary tract infection, skin
and soft-tissue infection, osteomyelitis, endocarditis, and
bacteremia.
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P. aeruginosa is intrinsically resistant to a variety of an-
tibiotics because of its outer-membrane barrier and efflux-
pump mechanisms. During therapy with a number of
penicillins and cephalosporins, chromosomal �-lacta-
mases, which are not inactivated by currently available �-
lactamase inhibitors, may be induced and degrade these
drugs. P. aeruginosa also has acquired plasmid-encoded re-
sistance to many drugs. Because the development of resis-
tance during therapy has been well documented, the use of
combination chemotherapy in severe P. aeruginosa infec-
tions has been advocated. This recommendation is based
on studies suggesting that patients receiving combination
therapy, usually an antipseudomonal penicillin and an
aminoglycoside, have better outcomes than patients receiv-
ing single-drug therapy (4, 5). Because synergism between
these two classes often can be demonstrated in vitro, it has
been postulated that synergism is at least partially respon-
sible for improved outcomes. However, clinical studies
have yielded conflicting results, with single agents often
equivalent to combination therapy, except perhaps in neu-
tropenic patients (6). Recent studies have demonstrated ac-
ceptable outcomes with use of a single, potent agent such
as a quinolone (7). Optimal treatment of invasive infection
remains controversial (Table 64.1).

In selecting agents to cover invasive infections of
P. aeruginosa, several factors should be taken into account.
If combination chemotherapy is selected, an anti-pseudo-
monal �-lactam antibiotic and an aminoglycoside are most
likely to be synergistic in vitro. Synergy sometimes occurs
between �-lactam and fluoroquinolone antibiotics, but it
does not occur with fluoroquinolone-aminoglycoside
combinations. Combinations of two antipseudomonal 
�-lactam antibiotics should be avoided; these combina-
tions are not synergistic and may even be antagonistic. For
example, one �-lactam antibiotic may induce a �-lactamase
that degrades the other. As with all infections with a
known organism, the antibiotic susceptibilities of the
pathogen should be taken into account as soon as they are
available.

Enterobacter spp., and the related organisms Klebsiella,
Citrobacter, and Serratia spp., also frequently cause infec-
tions in the hospital setting. These organisms often are re-
sistant to multiple drugs. They may cause bacteremia,
pneumonia, intraabdominal infections, wound infections,
and urinary-tract infections. Enterobacter spp. produce an
inducible �-lactamase that slowly degrades second- and
third-generation cephalosporins. With in vitro testing of
cephalosporins, strains may appear susceptible. However,
if there is a high inoculum infection, mutants producing
large amounts of �-lactamase proliferate because of
their selective advantage. The emergence of resistance dur-
ing therapy appears to be associated with an increased
mortality rate (8). Cefepime, which is referred to as a
fourth-generation cephalosporin, is less susceptible to
degradation by the Enterobacter �-lactamase than are
second- and third-generation cephalosporins; therefore,

resistance may be less likely to emerge during treatment
with this agent. The addition of a second antibiotic
(aminoglycosides have been studied most extensively)
does not seem to prevent the emergence of resistance or
improve clinical outcomes. Therefore, second- and third-
generation cephalosporins are not recommended for
treatment of Enterobacter infections. Second- and third-
generation cephalosporins have been used successfully for
infections with Citrobacter and Serratia spp., but some cau-
tion is warranted. The drugs of choice for such infections
are trimethoprim-sulfamethoxazole, a fluoroquinolone,
or a carbapenem. Klebsiella spp. are reliably susceptible to
fluoroquinolones, aminoglycosides, and carbapenems
and are usually susceptible to third-generation
cephalosporins. Extended spectrum �-lactamases (ESBLs)
are increasingly common in Klebsiella and other aerobic
Gram-negative rods. If the presence of this enzyme is
known or suspected, cephalosporins should be avoided.

E. coli is the most frequently isolated enteric pathogen.
Antibiotic resistance in E. coli has surfaced over the past sev-
eral years. Ampicillin can no longer be used as initial therapy, be-
cause more than 50% of community strains are resistant to
this drug. Similarly, trimethoprim-sulfamethoxazole is no longer
recommended as initial therapy for upper urinary tract infections
because of the recent emergence of resistance (Chapter 68).

Penicillin-Nonsusceptible Pneumococci

S. pneumoniae has been recognized for many years as the
most common bacterial pathogen in community-
acquired pneumonia, meningitis, otitis media, and si-
nusitis. PNSP are becoming increasingly prevalent world-
wide. Resistance is mediated by mutations in
penicillin-binding proteins, with which all �-lactam an-
tibiotics must interact; therefore, PNSP are cross-resistant
to many other penicillins and cephalosporins. PNSP also
frequently are resistant to multiple unrelated antibiotics,
including erythromycin, tetracycline, and trimethoprim-
sulfamethoxazole. Strains in which the minimum in-
hibitory concentration (MIC) of penicillin is 0.1 to 1.0
mg/mL have “intermediate resistance,” and strains with
MICs of 2 mg/ml or greater are designated “highly resis-
tant.” This distinction is important because strains with
intermediate resistance can, in most instances, be treated
like susceptible pneumococci. Special considerations exist
in the treatment of pneumococcal meningitis, which is
covered in Chapter 70.

If given intravenously for invasive pneumococcal infec-
tions other than meningitis, �-lactam antibiotics produce
serum levels that are much greater than the MIC for inter-
mediately resistant PNSP and usually exceed the MIC
of highly resistant PNSP. Therefore, penicillin and other 
�-lactam antibiotics remain the mainstay of initial therapy
for pneumococcal pneumonia and bacteremia. However,
concerns about potential treatment failures have led to the
recommendation that a third-generation cephalosporin,
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TABLE 64.1
SUGGESTED INITIAL THERAPY FOR COMMON HOSPITAL PATHOGENS
IN WHICH DRUG RESISTANCE IS A PROBLEM

Organism Initial therapy Resistance common Resistance emerging

Escherichia coli Cephalosporin Ampicillin Fluoroquinolones
�-lactam/�-lactamase Extended-spectrum Cephalosporins

inhibitor combination penicillins
Fluoroquinolone Trimethoprim-
Aminoglycoside sulfamethoxazole

Klebsiella spp. Fluoroquinolone Extended-spectrum �-lactam/�-lactamase 
Aminoglycoside penicillins inhibitor 
Cephalosporin combinations

Cephalosporins
Pseudomonas Antipseudomonal Antipseudomonal Imipenem or

aeruginosa penicillin or penicillins meropenem
Ceftazidime or �-lactam/�-lactamase
Imipenem or inhibitor combinations

meropenem or Ceftazidime
Cefepime Fluoroquinolones

Plus amikacin or 
tobramycina

Enterobacter Trimethoprim– 2nd- and 3rd-generation Fluoroquinolones
spp. sulfamethoxazole cephalosporins

Fluoroquinolone
Imipenem or 

meropenem
Cefepime

Streptococcus 2nd- or Intermediate High-level resistance 
pneumoniaeb 3rd-generation resistance to to penicillin G

cephalosporin penicillin G and and ampicillin
Ampicillin or ampicillin 2nd- and 3rd-

penicillin G Erythromycin generation
(high doses) Trimethoprim– cephalosporins

sulfamethoxazole
Enterococci Ampicillin or Amikacin Vancomycin

penicillin G Streptomycin Penicillin G
�/� gentamicinc Tobramycin Ampicillin

Tetracyclines Gentamicin
Macrolides Fluoroquinolones

Staphylococcus Antistaphylococcal Antistaphylococcal Vancomycin
aureusd penicillin penicillins

Vancomycin 1st-generation 
cephalosporins

Fluoroquinolones

Note: In some cases, there is significant resistance to the recommended initial regimen. Therefore,
antibiotic therapy should be modified based on the results of in vitro susceptibility testing as soon as the
results become available. Narrow-spectrum antibiotics should be substituted for broad-spectrum
antibiotics whenever the resistance profile permits.
a Most authorities recommend �-lactam–aminoglycoside combinations for serious infections, except those
of the urinary tract.
b For invasive infections other than meningitis, �-lactam antibiotics remain the initial treatment of choice. If
high level resistance is identified, vancomycin, a 3rd-generation cephalosporin, or imipenem are commonly
recommended, although high doses of ampicillin or penicillin G still may be effective.
c Gentamicin should be added in cases of endocarditis and meningitis.
d Vancomycin is recommended for initial treatment if the local prevalence of methicillin-resistant Staphylo-
coccus aureus (MRSA) is �5%. Methicillin-susceptible strains usually are susceptible to 1st-generation
cephalosporins and fluoroquinolones. However, MRSA strains usually are not susceptible to 1st-generation
cephalosporins. More than half of MRSA strains are resistant to ciprofloxacin. Although the newer fluoro-
quinolones are more potent antistaphylococcal agents, resistance develops easily and may emerge during
therapy.
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imipenem, or vancomycin be used for invasive infections
caused by known highly resistant PNSP. Studies to date
have not demonstrated poorer outcomes associated with
invasive PNSP versus sensitive strains (9).

Methicillin and Vancomycin-Resistant
Staphylococci

S. aureus causes serious community-acquired and nosoco-
mial infections. It is an important cause of skin and soft-
tissue infections, bacteremia, endocarditis, osteomyelitis,
and septic arthritis. S. aureus bacteremia is a particular
problem because the organism has a tendency to seed deep
tissue sites, which may lead to relapse. S. aureus produces
several toxins that may lead to staphylococcal toxic shock
syndrome (Chapter 25) or staphylococcal scalded-skin
syndrome. Most hospital strains and the majority of com-
munity strains are resistant to penicillin because of the
production of �-lactamases.

Methicillin-resistant S. aureus (MRSA) is a significant
pathogen in hospitalized patients and residents of long-
term care facilities, and is increasingly common in the com-
munity. Approximately 35% of S. aureus isolates in the
United States are methicillin-resistant, but local rates vary
considerably. MRSA are resistant to all �-lactam antibiotics,
as well as multiple other antibiotics. Vancomycin has
emerged as the most reliable agent for treating invasive
MRSA infections. Unfortunately, vancomycin has relatively
poor tissue penetration and slow bactericidal activity,
which may lead to treatment failures. A number of agents
have been tried in conjunction with vancomycin, but in
most cases the combination has not proved superior to
vancomycin alone. Many MRSA strains are resistant to flu-
oroquinolones, so these agents should not be used unless
in vitro susceptibility is confirmed. Thus, with the increas-
ing prevalence of MRSA, vancomycin use has dramatically
increased, contributing to the development of vancomycin-
resistant enterococci and the newly described strains of
Staphylococcus aureus with reduced susceptibility or frank
resistance to vancomycin Although vancomycin is the
drug of choice for established infections caused by MRSA,
its use should be severely restricted in other situations. If one
suspects an infection caused by S. aureus based on clinical
criteria, or S. aureus has been isolated but antimicrobial
susceptibilities are not yet known, vancomycin often is
used empirically. However, it should be stopped within 48–72
hours if MRSA is not detected. (See Chapter 72 for a discus-
sion of catheter infections caused by coagulase-negative
staphylococci.)

S. aureus with intermediate susceptiblity to vancomycin
(MIC � 8–16 mcg/mL) were first identified in 1996 and
have now been reported from the United States, Asia, and
Europe (10). In 2002, S. aureus isolates with high level re-
sistance to vancomycin were identified in the United States
(11). Unlike the organisms with intermediate susceptibil-
ity, those with high level resistance appear to have acquired

one of the resistance mechanisms found in vancomycin-
resistant enterococci. Intermediately resistant and resistant
isolates appear to evolve from methicillin-resistant strains
but remain susceptible to certain other antimicrobials, in-
cluding trimethoprim-sulfamethoxazole, tetracyclines,
quinupristin-dalfopristin, linezolid, and rifampin. In the
cases described thus far, patients generally received van-
comycin prior to isolation of resistant organisms. Although
these organisms remain uncommon, their emergence has
generated great concern. The Centers for Disease Control
and Prevention have recommended close monitoring for
these strains and strict isolation precautions for patients
who are colonized or infected.

Vancomycin-Resistant Enterococci

Enterococci, even those considered to be “sensitive,” are in-
trinsically resistant to a number of antibiotics. For example,
although penicillin (or ampicillin) has long been the pre-
ferred treatment, enterococci usually have only moderate
susceptibility because of penicillin-binding proteins with
low affinity. A cell-wall inhibitor (penicillin, ampicillin, or
vancomycin) and an aminoglycoside (streptomycin or gen-
tamicin) are required to kill the enterococcus; such killing
is usually necessary to cure endocarditis and meningitis. En-
terococci are part of the normal gut flora. Because of their
intrinsic drug resistance, these organisms proliferate when
patients are treated with antimicrobial therapy. Enterococci
are among the most common nosocomial pathogens, and
debilitated patients with serious underlying diseases are at
greatest risk. Use of urinary or vascular catheters and ICU ad-
mission also increase a patient’s risk of enterococcal infec-
tion. Enterococci cause a number of infections, including
urinary tract infection, bacteremia, endocarditis, and in-
traabdominal infection.

Vancomycin-resistant enterococci (VRE) emerged in the
1990s as difficult-to-treat pathogens that do not possess the
same virulence as organisms such as S. aureus. Although
outcomes appear to be worse in vancomycin-resistant ente-
rococcal bacteremia compared with bacteremia because of
sensitive enterococci, the difference is modest and has not
been demonstrated in all studies (12). For those rare or-
ganisms that do not have high-level ampicillin or amino-
glycoside resistance, these agents remain the drugs of
choice. Quinupristin-dalfopristin is one option for treating
infections caused by vancomycin-resistant E. faecium,
which accounts for about 80% of VRE infections. Linezolid,
given orally or intravenously, appears to be active against
vancomycin-resistant E. faecium and E. faecalis, although
experience with species other than E. faecium is limited. Ef-
forts have focused on preventing the development and
spread of VRE. Treatment with vancomycin, third-
generation cephalosporins, and other antibiotics, espe-
cially those with anaerobic activity, is a strong risk factor for
colonization or infection with VRE. Avoiding overuse of
antibiotics is a critical part of combatting the increasing
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prevalence of VRE. Current Centers for Disease Control
guidelines recommend contact isolation and use of gloves
and gowns for examining patients with VRE, although this
approach is not efficacious in all settings.

Prevention of Resistance

As previously discussed, antibiotic selection pressure is the
primary mechanism by which resistance develops. Using
antibiotics in appropriately high doses if indicated also
helps prevent the emergence of resistance. The goal of an-
tibiotic dosing is to achieve a sustained antibiotic level that
is greater than the organism’s MIC. In addition, therapy
should be given for the shortest period known to be effec-
tive, and empirical antibiotics should be discontinued
promptly if an infection is not identified.

Patient-to-patient transmission is also an important
consideration. Health care workers frequently are colo-
nized with resistant organisms and may facilitate spread of
resistant bacteria. Strict adherence to hand cleansing after
touching patients or the contents of the hospital room is essential.
Recent data support the superiority of using alcohol-based
hand rubs over traditional handwashing for this purpose
(13). Contaminated objects, such as thermometers, also
can transmit bacteria from one patient to another. There-
fore, rigorous attention must be paid to appropriate dis-
posal of such items, or to adequate sterilization if they are
to be reused. This approach must be adopted in all patients,
not just those known to be colonized or infected (analo-
gous to “universal precautions” for handling bodily fluids).
If this infection-control practice is applied only to patients
at known risk, transmission will probably occur prior to the
detection of resistant organisms, even in hospitals with vig-
ilant surveillance in place.

In outbreak situations, the use of barrier devices (e.g.,
gowns) and isolating infected or colonized patients may be
effective. Treating carriers of some organisms, such as
MRSA, has been investigated as a means of reducing infec-
tion and preventing the spread of resistant organisms.
Mupirocin and other agents have been shown to be effec-
tive at reducing MRSA colonization in the oropharynx and
nares and may reduce the incidence of MRSA pneumonia
in patients in the ICU. However, recolonization is com-
mon, as is the development of resistance. Another strategy,
which may be more helpful in the future, is vaccination
against organisms with a propensity for antimicrobial re-
sistance. Administration of pneumococcal vaccine has effi-
cacy in preventing invasive pneumococcal disease.

CONCLUSIONS

The threat of multidrug-resistant bacteria is one of the
world’s greatest medical challenges. At this point, it seems
unlikely that the development of effective new agents will
keep pace with the ability of bacteria to evade them. The

potential future consequences are enormous, with some ex-
perts predicting a return to the conditions last seen in the
preantibiotic era. Controlled use of antibiotics is the key to
stemming this accelerating phenomenon. A reasonable
compromise must be struck by taking resistance into ac-
count in prescribing antibiotics, yet not compounding the
problem through the overzealous use of broad-spectrum
antibiotics. Knowing the common pathogens in clinical
syndromes, along with local resistance patterns, allows one
to take a rational approach.

KEY POINTS

■ Resistance is a consequence of antimicrobial exposure.
■ Always choose drugs with a narrow spectrum of action,

if possible; if initial coverage is broad, switch to a nar-
rower-spectrum antibiotic once a pathogen is isolated.

■ Always attempt to make a microbiologic diagnosis.
■ Therapy should be continued for the shortest duration

known to be effective.
■ Except in a few instances, there is little evidence support-

ing the “double coverage” of organisms.
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Community-Acquired 

Pneumonia
Ethan A. Halm Michael J. Fine

INTRODUCTION

There are approximately 4 million cases of community-
acquired pneumonia (CAP) per year in the United States,
resulting in more than 1 million hospitalizations. Thus,
CAP is one of the most common inpatient medical condi-
tions in both university and community hospitals, ac-
counting for 2% of all hospital discharges. It is the most
common infectious cause of death and is the sixth leading
cause of death overall in the United States. The aggregate
cost of hospitalization for the disease approaches $9
billion per year. Wide variations in rates of hospitalization,
intensive care, length of hospital stay, choice and duration
of antibiotic therapy, and performance of key processes of
care for pneumonia have been well documented within
different geographic regions, different hospitals in the
same area, and even within the same hospital. Substantial
differences in hospitalization rates and length of stay for
pneumonia persist even after adjusting for disease severity,
comorbid conditions, and hospital characteristics.

The traditional approach to managing CAP has been
oriented primarily toward inpatient care, with considerable
effort expended to determine the specific microbiologic
etiology. This often involves repeated diagnostic studies of
sputum and blood. The heterogeneity of bacterial and viral
causes of CAP has long been recognized. Traditionally,
pathogens are classified as “typical,” referring to Streptococ-
cus pneumoniae (the most common organism), Haemophilus
influenzae, Moraxella catarrhalis, Klebsiella pneumoniae, other
Gram-negative bacteria, and Staphylococcus aureus, among
others. Atypical pathogens include Mycoplasma pneumoniae,
Legionella spp., Chlamydia pneumoniae (TWAR), Chlamydia
psittaci, and respiratory viruses.

There are several limitations to an etiology-oriented
approach. First, microbiologic studies emphasize the
difficulty of establishing a definitive, etiologic diagnosis in
most cases of CAP, even when comprehensive microbio-
logic and serologic testing is performed. Second,
contemporary series have highlighted broad geographic
and seasonal differences in the relative incidence of various
pneumonia pathogens. Finally, it is not possible to distin-
guish “typical” from “atypical” pathogens on the basis of
the initial history, physical exam, and laboratory studies
chapter (1–4).

This chapter describes a cost-effective, outcomes-
oriented approach that de-emphasizes reliance on sputum
studies in antibiotic selection and advocates the perfor-
mance of key processes of care, such as the early institution
of empiric, broad-spectrum antibiotics active against the
most common pathogens. It also presents validated algo-
rithms for risk-stratifying patients on presentation and out-
lines objective criteria for determining clinical stability so
that patients can be safely converted to oral antibiotics and
discharged in a timely fashion.

ISSUES AT THE TIME OF ADMISSION

Clinical Presentation

The overall prevalence of CAP among unselected patients
presenting with respiratory complaints ranges from about
3%–10%, depending on the setting. Unfortunately, there
are no individual (or combination of) findings on the
history, physical examination, or laboratory examination
that can rule in or exclude the diagnosis of pneumonia with

65

26410 ch 065  3/11/05  5:14 PM  Page 633



adequate accuracy (4). Therefore, the diagnosis of CAP
requires both the presence of symptoms and signs of acute
pulmonary infection and evidence of a new radiographic infil-
trate. Patients with pneumonia classically present with
several days of fever, chills, sweats, shortness of breath,
productive cough with purulent sputum, and pleuritic
chest pain. Physical examination also reveals findings of
lung consolidation, such as crackles, egophony, and in-
creased fremitus. Unfortunately, the frequency and severity
of these various signs and symptoms are highly variable.
Nearly all patients (�90%) complain of cough and fatigue,
two-thirds have dyspnea and sputum production, and
about half have pleuritic chest pain. Nonrespiratory symp-
toms are present in 10%–30% of patients, including:
headache, nausea and vomiting, abdominal pain, diarrhea,
myalgias, arthralgias, and mental confusion. Older patients
with pneumonia have significantly fewer symptoms than
the non-elderly. Because of this phenomenon, the chest
radiograph is an integral part of any workup of an elderly
patient presenting with fever, constitutional symptoms, or
mental status changes, even in the absence of respiratory
complaints.

Fever is present in more than 80% of patients presenting
with pneumonia, whereas hypothermia is present in 1%.
Hypothermia is more frequent in elderly patients and those
in nursing homes. Many patients also present with tachyp-
nea, tachycardia, and diminished oxygen saturation. Ap-
proximately 80% of patients have crackles on auscultation,
although classic physical findings of pulmonary consolida-
tion are present in only 30% or fewer cases.

Differential Diagnosis and Initial Evaluation

The initial evaluation of patients presenting with suspected
CAP should be aimed at confirming the diagnosis. Infor-
mation from the history and physical examination is cru-
cial in distinguishing patients with uncomplicated CAP
from those with other pneumonia syndromes. A history of
aspiration pneumonia or cerebrovascular disease, an im-
paired gag reflex, altered mental status, poor dentition, or
foul-smelling sputum increases the likelihood of aspiration
pneumonia. Post-obstructive pneumonia may present as
recurrent episodes of pneumonia, particularly in those with
a longstanding history of smoking. Patients who are im-
munosuppressed because of medications or HIV infection
are at risk for opportunistic pathogens in addition to the or-
ganisms described previously.

Other noninfectious processes that should be part of the
differential diagnosis include congestive heart failure, non-
cardiogenic pulmonary edema, pulmonary embolism, pul-
monary hemorrhage, malignancy, collagen vascular disease
or vasculitis, pulmonary-renal syndromes, and hypersensi-
tivity pneumonitis. A careful clinical history and physical
examination can usually define the likelihood of most of
these nonpneumonia processes. Because of the high preva-
lence of congestive heart failure, a thorough cardiac history

and examination should be part of the initial evaluation of
all patients suspected of having pneumonia.

Given the limited sensitivity and specificity of the his-
tory and physical examination, a chest radiograph is essen-
tial to confirm the diagnosis of pneumonia. Although the
presence of a new pulmonary infiltrate is the gold standard
for the diagnosis of pneumonia, it is important to recog-
nize the limitations of chest radiography. There is some
evidence that chest radiography might miss more subtle
evidence of pulmonary consolidation compared to high-
resolution computed tomography. False negative findings
have also been reported in patients with dehydration on
admission. Contrary to traditional teaching, radiographic
appearance cannot accurately predict the etiology of pneu-
monia, nor does it differentiate bacterial from nonbacterial
causes. Furthermore, agreement between radiologists inter-
preting the same chest radiographs is modest.

The chest radiograph can provide useful information
about effusions, air-fluid levels (consistent with lung ab-
scess), masses, and pulmonary vascular congestion. Pleural
effusions are present in approximately 10% of patients
with CAP. Bilateral effusions indicate more serious pneu-
monia with a higher risk of death during the short-term.
Unusual findings of cavitation or miliary opacities can be
helpful in suggesting other diseases. Characteristics of the
radiographic infiltrate can be affected by a variety of fea-
tures including underlying lung architecture, concomitant
diseases (e.g., congestive heart failure or neutropenia), ra-
diographic technique, and dehydration. In addition, both
alveolar and interstitial opacities on chest radiograph may
result from a variety of causes.

Although not necessary in the majority of patients with
pneumonia, computed tomography of the chest may be
useful in evaluating unusual cases or further characterizing
pleural disease, cavitation, lymphadenopathy, or intersti-
tial abnormalities. The absence of a pulmonary infiltrate in
a patient suspected of having pneumonia should prompt
strong consideration of alternative diagnoses.

There are no features of the history, physical examina-
tion, laboratory exam, or chest radiograph that are consis-
tently predictive of a microbiological cause. Furthermore,
there are no clinical or radiographic findings that allow one
to accurately differentiate typical from atypical bacterial
pathogens or bacterial from viral causes. Thus, the terms
typical and atypical are misleading.

The usefulness of routine sputum Gram stain and culture
is controversial. High-quality, uncontaminated sputum
studies can help identify the causative organism and facili-
tate pathogen-tailored antibiotic therapy. However, spu-
tum Gram’s stain and culture tend to have low sensitivity,
specificity, and predictive values. For example, the positive
predictive value of finding S. pneumoniae on Gram’s stain is
about 30%–50%. The utility of sputum studies is further
limited by the fact that about 30% of patients cannot pro-
duce an adequate sputum specimen, and 30% have re-
ceived antibiotics prior to microbiologic testing. Even
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when studies are positive, it is often hard to know whether
the organism originated in the lung or oropharynx. The di-
agnostic yield of sputum studies is further limited by the
fact that many common pathogens, including Mycoplasma
pneumoniae and Chlamydia pneumoniae, are not seen on
Gram stain and are difficult to culture from sputum. Thus,
sputum studies generally add little clinically useful infor-
mation in the initial selection of antibiotics for an individ-
ual patient. The antibiotic-susceptibility information
generated by sputum cultures is probably their most valu-
able feature both in terms of assuring appropriate antibi-
otic sensitivity for an individual patient and for monitoring
resistance patterns in a given hospital or community.

Blood cultures are positive in only 5%–10% of patients
hospitalized with CAP. About one-half of positive cultures
are thought to be contaminants. Streptococcus pneumoniae is
the most common cause of true positive blood cultures
(accounting for about 50% of confirmed bacteremias) fol-
lowed by Haemophilus influenzae, Gram-negative rods, and
Staphylococcus spp. Patients who are ill enough to be hospi-
talized should have two sets of blood cultures drawn prior
to the initiation of parenteral antibiotics. In one large
study, the standard use of blood cultures within 24 hours
of presentation was associated with decreased case fatality
rates (5). Thus, blood cultures are increasingly viewed as a
key process of care in the treatment of this disease. Moni-
toring antibiotic susceptibility from blood isolates is also
a key factor in tracking the progression of drug resistant
organisms. However, the clinical utility of subsequent
sputum or blood cultures, especially once antibiotics have
begun, is extremely limited. Other normally sterile sites
such as pleural fluid and cerebrospinal fluid may yield
definitive microbiologic data, but these fluids are not rou-
tinely obtained unless there are specific clinical indications.

For patients in whom infection by Legionella organisms
is a concern, radioimmunoassay tests for urinary Legionella
antigen have demonstrated sensitivity of 75%–99% and
specificity of 99%. These tests only detect Legionella pneu-
mophila serotype I, which accounts for about 70%–90% of
all pneumonia resulting from Legionella organisms.
Legionella infection can also be diagnosed rapidly by exam-
ination of pulmonary secretions with direct fluorescent
antibody assays or specialized culture medium, though
sensitivity of these tests tends to be lower (25%–80% and
50%–70%, respectively). Unfortunately, there are currently
no rapid, commercially available tests for detecting My-
coplasma pneumoniae, Chlamydia pneumoniae, Chlamydia
psittaci, or most respiratory viruses.

Although an early attempt at identifying a pathogen
should be made in all patients, it is important to recognize
that definitive microbial etiology is never found in
50%–70% of patients in usual practice, or in 30%–50% of
patients in research studies. When an organism is recov-
ered, it is increasingly common to find evidence of mixed
infection. Fewer than 8% of patients have antibiotics
changed because of the results of microbiological testing.

Because a definitive microbial diagnosis is not available
in the vast majority of patients, antibiotic selection is usually
empiric. Because of this, one should strongly consider cover-
ing potentially life-threatening pathogens such as Legionella
spp., which are not covered by �-lactam antibiotics, espe-
cially in moderate- and high-risk cases. Though traditional
teaching has emphasized Legionella spp. as the cause of se-
vere pneumonia among the elderly and immunosuppressed,
more recent data found that nearly half of patients with con-
firmed Legionella pneumonia had mild or moderate pneu-
monia and many patients had no major comorbidities or
history of immunosuppression. Mixed infection with Le-
gionella and other bacterial pathogens was also seen.

Indications for Hospitalization

The hospitalization decision should focus on three main
factors: (1) the risk of short-term mortality and complica-
tions, (2) the patient’s clinical stability, and (3) mitigating
medical or psychosocial problems. The overall 30-day mor-
tality rate from systematic reviews of CAP patients was
13.7%, ranging from 5.1% for cohorts that included ambu-
latory and hospitalized patients to 36.5% for a series of in-
tensive care unit patients (4, 5). A validated prediction rule for
quantitation of risk for persons with CAP is presented in Fig-
ure 65.1. This Pneumonia Severity Index (PSI) prediction
rule relies on information readily available at the time of ini-
tial presentation and can be used to stratify patients into five
risk classes with mortality rates ranging from 0.1%–27%
(6). Use of this prediction rule to aid the admission decision
has been endorsed by recent U.S. and Canadian national
subspecialty practice guidelines for CAP (1–3, 7). Figure
65.2 outlines an algorithm for using the PSI risk-stratifica-
tion information in combination with other key clinical
data to determine whether a patient should be admitted or
treated as an outpatient (8). Patients with contraindications
to outpatient treatment caused by hypoxemia (room-air
oxygen saturation less than 90% or PaO2 less than 60 mm
Hg), hemodynamic instability (shock or hypotension not
responsive to initial fluid resuscitation), or active coexisting
conditions requiring hospitalization should be admitted in-
dependent of their PSI Risk Class. Absent these acute fea-
tures, patients should be risk-stratified using the PSI predic-
tion rule depicted in Figure 65.1. Patients in Risk Classes I
through III can be considered low risk, with a cumulative
30-day mortality rate of less than 1%, and can be managed
as outpatients. Some patients in Risk Classes I through III
may have other mitigating factors such as frail physical con-
dition, poor response to oral therapy, substance abuse, or
other psychosocial issues that may be relative contraindica-
tions to initial outpatient management. For these patients,
alternatives to standard inpatient admission include brief
inpatient admission, 23 hours of observation, admission
to a sub-acute or intermediate care facility, “enhanced”
home care (initial home parenteral antibiotic therapy with
visiting nurse monitoring), and close outpatient follow-up.
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This choice depends on the needed level of clinical moni-
toring, patient frailty, requirements for functional assis-
tance, and patient and family preferences, as well as the
local availability of these options. One implication of the al-
gorithm is that age greater than 65 alone is not sufficient rea-
son for hospitalization.

All patients in Risk Classes IV and V should be admitted
to the hospital, given their significantly higher mortality and
complication rates unless there are extenuating circum-
stances (e.g., terminal care). Other indications for admission

include suspected or confirmed suppurative or metastatic
complication (empyema, lung abscess, endocarditis, menin-
gitis, or osteomyelitis) or the presence of high risk pathogens
(e.g., S. aureus, anaerobes, and Gram-negative rods). For pa-
tients in Risk Classes I through III who are admitted because
of nonmedical factors, consideration should be given to
lower cost alternatives of care if such options are available.

A large multicenter, randomized controlled trial of a
critical pathway for the treatment of pneumonia provides
strong evidence that a PSI-based admission decision algo-
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Figure 65.1 Prediction model for identification of patient risk for persons with community-
acquired pneumonia. (Adapted from Fine MJ, Auble TE, Yealy DM, et al. Improving the appropri-
ateness of hospital care in community-acquired pneumonia: a prediction rule to identify patients at
low risk for mortality and other adverse medical outcomes. N Engl J Med, 1997;336:243–250, with
permission.)

Algorithm

Patients with community-acquired
pneumonia

Is the patient older than 50 years? Yes

Yes

Yes

Scoring System

Patient Characteristics Points Assigneda

Demographic Factors
Age:  Males age (y)

      Females age (y) – 10
Nursing home resident +10

Comorbid Illnesses
Neoplastic disease +10
Liver disease +20
Congestive heart failure +10
Cerebrovascular disease +10
Renal disease +10

Physical Examination Findings
Altered mental status +20
Respiratory rate ≥30/minute +20
Systolic blood pressure <90 mm Hg +20
Temperature <35 or ≥40C +15
Pulse ≥125/minute +10

Laboratory Findings
pH <7.35 +30
BUN >30 mg/dL +20
Sodium <130 mEq/L +20
Glucose >250 mg/dL +10
Hematocrit <30% +10
pO2 <60 mm Hgb +10
Pleural effusion +10

aA risk score (total point score) for a given patient is
obtained by summing the patient age in years (age – 10 
for females) and the points for each applicable patient 
characteristic.

bOxygen saturation <90% also was considered abnormal.

Does the patient have a history of
any of the following comorbid
conditions?
• Neoplastic disease
• Congestive heart failure
• Cerebrovascular disease
• Renal disease
• Liver disease

Does the patient have any of the 
following abnormalities on physical 
examination?
• Altered mental status
• Pulse ≥125/minute
• Respiratory rate 30/minute
• Systolic blood pressure <90 mm Hg
• Temperature <35C or >40C

Assign Patient to 
Risk Class II–V 

based on 
prediction model 
scoring system

Assign patient to Risk Class I Stratification of Risk Score

Risk Risk Based on Mortality
Class

Low I Algorithm 0.1%
Low II ≥70 total points 0.6%
Low III 71-90 total points 0.9%
Moderate IV 91-130 total points 9.3%
High V >130 total points 27.0%

No

No

No
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rithm is safe and effective (9). Compared to control sites,
hospitals randomized to implement the pneumonia path-
way admitted significantly fewer low risk patients (defined
as PSI Risk Class I through III, 31% vs. 49%). There were no
changes in admission rates among moderate- or high-risk
cases (Risk Classes IV through V) for whom the protocol
recommended hospitalization. Although use of the hospi-
tal decreased, there were no differences between the two
groups in ICU use, mortality, readmissions, complications
or health-related quality of life at 2 and 6 weeks. This study
confirms the results of an earlier single institution
intervention trial that found that a PSI-based emergency
department guideline reduced admissions among low-risk
patients from 58%–43% without adverse effects on

mortality, symptom resolution, functional recovery or
patient satisfaction (10). It is worth noting that in both
studies approximately 30%–40% of low risk patients still
required hospitalization because of clinical severity, other
active clinical problems, psychosocial circumstances, or
patient preferences.

Indications for Initial Intensive Care 
Unit Admission

In a large, multicenter CAP study, 9.2% of inpatients were
admitted to an ICU, including 11.4% of class IV patients
and 17.3% of class V patients (6). Clear indications for ICU
admission include hemodynamic instability resulting from
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Risk Class I–III Risk Class IV, V

No

Outpatient
treatment

No

Yes

Yes

Inpatient
treatment

Patient with community-acquired pneumonia

History, physical exam, RA O2 sat,
CXR, selected lab tests

Determine Pneumonia Risk Class (Figure 65.1)

Absolute contraindications 
to outpatient treatment:
• RA O2 sat <90%
• Unable to take PO
• Active comorbid

condition requiring 
hospitalization

Relative contraindications
to outpatient treatment:
• Substance abuse, 

psychiatric disease,
homelessness,
nursing home, 
antibiotic
resistance

Intermediate options
• Brief inpatient stay
• Home parenteral
   antibiotics and nursing 
• Subacute/intermediate

Figure 65.2 Hospitalization decision tree. CXR, chest radiograph; RA, room air.
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sepsis syndrome or hypovolemia, respiratory failure re-
quiring mechanical ventilation, and severe hypoxemia or
respiratory distress meriting close observation and frequent
monitoring of clinical status or arterial blood gases. Given
the high anticipated mortality rate, ICU care is appropriate
for many patients in Risk Class V. Patients with coexisting
exacerbations of comorbid conditions or with severe
metabolic derangements may also benefit from a higher
level of monitoring and treatment.

Initial Therapy

Because the responsible pneumonia pathogen is not known
in the majority of cases in usual practice, the early initiation
of empiric, broad-spectrum antibiotic therapy is strongly
recommended. Our recommendations for first-line par-
enteral therapy in patients hospitalized with CAP are: (1) a
second-generation or third-generation cephalosporin (e.g.,
cefuroxime, ceftriaxone, ceftizoxime, or cefotaxime) plus a
macrolide or doxycycline, or (2) an anti-pneumococcal
fluoroquinolone (e.g., gatifloxacin, levofloxacin, or moxi-
floxacin) (1–3, 8). These antimicrobial regimens were as-
sociated with 30% lower risk–adjusted odds of death
within 30 days compared with therapy with a third-genera-
tion cephalosporin alone (11). Combination �-lactam and
�-lactamase inhibitors with a macrolide (or doxycycline) is
another alternative, although these regimens have not ap-
peared to be as clinically effective in recent outcome studies.
Antibiotic regimens that cover both typical and atypical
pathogens have also been associated with shorter lengths of
stay. Older fluoroquinolones (ciprofloxacin and ofloxacin)
have been associated with treatment failure in some patients
with pneumococcal disease. The newer fluoroquinolones
(levofloxacin, gatifloxacin, moxifloxacin, sparfloxacin, and
gemifloxacin) have greater activity against S. pneumoniae and
S. aureus, and provide excellent coverage against atypical bac-
terial pathogens, including Legionella spp. As of January 2005,
gatifloxacin, levofloxacin, and moxifloxacin were the primary
anti-pneumococcal fluoroquinolones available as intra-
venous and oral preparations. Because of reports of severe
hepatotoxicity, the use of alatrofloxacin/trovafloxacin is re-
stricted to use on inpatients with no other safe and effective
alternatives.

As suggested by the most recent American Thoracic
Society guidelines, parenteral azithromycin alone may
also be appropriate for empiric treatment of selected, low-
risk patients (non-ICU patients without underlying car-
diopulmonary disease who do not have risk factors for
Gram-negative rods or drug-resistant S. pneumoniae [2]).
However, the Infectious Disease Society of America guide-
lines do not recommend macrolide monotherapy as first-
line therapy (1). Uncertainty about growing resistance to
macrolides among drug-resistant pneumococcal iso-
lates may explain some of the descrepancy among the dif-
ferent subspecialty recommendations. For individuals with

�-lactam allergy, an anti-pneumococcal fluoroquinolone
(or azithromycin for a low-risk patient) would be a safe,
broad-spectrum alternative.

Antibiotic recommendations for the treatment of con-
firmed cases of Legionella pneumonia have changed over
the last few years. A fluoroquinolone or azithromycin are
now considered to be first line choices, replacing the tradi-
tional regimen of high dose erythromycin (1 gram every 6
hours) because of their greater penetration into lung tissue,
in vitro activity, and lower toxicity profile. Other acceptable
alternatives include tetracycline, doxycycline, or clar-
ithromycin. For severe cases of Legionella, many experts rec-
ommend adding rifampin to a fluoroquinolone or
azithromycin.

Empiric treatment of patients requiring ICU admission
should include two drugs to cover the increased risk of
S. aureus, Legionella, drug-resistant pneumococci, Pseu-
domonas aeruginosa, and other Gram-negative bacteria. Pa-
tients with no increased risk for Pseudomonas aeruginosa or
other resistant Gram-negative rod infection should receive
one of the following combination regimens: (1) a third-
generation cephalosporin plus an anti-pneumococcal
fluroquinolone or macrolide or (2) �-lactam/�-lactamase
inhibitor plus an anti-pneumococcal fluoroquinolone or
macrolide (1–3). Observational data suggest that dual ther-
apy is associated with lower mortality rates for patients
with bacteremic pneumococcal pneumonia. Those at in-
creased risk for Pseudomonas aeruginosa or other resistant
Gram-negative rod infection should be treated with an
anti-pseudomonal �-lactam plus an aminoglycoside plus
an anti-pneumococcal fluoroquinolone or macrolide. Ad-
ministration of two anti-pseudomonal agents is recom-
mended for synergy until culture and sensitivities can rule
out the possibility of resistance. If a definitive diagnosis be-
comes available, antimicrobial coverage should be nar-
rowed according to the specific drug sensitivities.

There are some situations in which these antibiotic rec-
ommendations may not be optimal. Residents of institu-
tional settings such as nursing homes have higher rates of
methicillin-resistant staphylococcal pneumonia and may
require coverage with vancomycin until culture results and
sensitivities are known. Patients with aspiration pneumo-
nia should be treated with an antimicrobial agent with ac-
tivity against oropharyngeal anaerobes (e.g., clindamycin
or �-lactam/�-lactamase inhibitor). Cases with a more pro-
tracted clinical presentation, hemoptysis, significant weight
loss, or anemia should raise suspicion of more indolent
pulmonary infections such as tuberculosis or fungal dis-
ease. In these instances, respiratory isolation should be im-
mediately instituted until tuberculosis can be ruled out.

Increasing rates of drug-resistant S. pneumoniae (DRSP)
and reduced susceptibility to a growing number of
agents make generic antibiotic selection recommenda-
tions challenging. While penicillin resistance among
DRSP isolates is often of greatest concern, high levels of
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cross-resistance to macrolides, tetracyclines, and amoxillin/
clavulanic acid have also been documented (12). There-
fore, clinicians need to be cognizant of local antibiotic
resistance patterns. Reduced susceptibility of DRSP to
the antipneumococcal fluoroquinolones (gatifloxacin,
levofloxacin, and moxifloxacin) is uncommon, but is likely
to grow given their widespread use.

The laboratory and clinical definitions of drug resistance
are also in flux and not always the same. The historical
MIC cutpoints for DRSP were based on data regarding the
treatment of meningitis, not pneumonia, sinusitis, or otitis
media. The Drug-Resistant Streptococcus pneumoniae Thera-
peutic Working Group recommends that the break points
for interpreting penicillin susceptibility of S. pneumoniae
isolates in patients with pneumonia be revised upward
(12) to define susceptibility of pulmonary isolates as an
MIC �1 mcg/mL, intermediate �2 mcg/mL, and resistant
�4 mcg/mL. The clinical significance of intermediate-level
resistance in terms of altering antimicrobial therapy for
pneumococcal pneumonia is unknown and is an area of
active investigation. However, for confirmed, high-level
penicillin-resistant Pneumococcus spp. (MIC �4.0 mcg/mL),
a highly active anti-pneumococcal fluoroquinolone, van-
comycin, or possibly clindamycin are the drugs of choice.
Because of concerns about the overuse of vancomycin in-
creasing resistance, empiric use of vancomycin for patients
with CAP is not recommended unless there is suspicion or
documentation of accompanying penicillin-resistant pneu-
mococcal meningitis (Chapter 70) (2–4).

Indications for Early Consultation

Between 80%–90% of cases of pneumonia are cared for by
generalist physicians. There are no data to support the rou-
tine use of pulmonary or infectious disease consultation for
most uncomplicated cases of CAP. However, early infec-
tious disease consultation should be considered if unusual
or highly resistant pathogens are identified. Early pul-
monary consultation is indicated when diagnostic bron-
choscopy is needed. If pneumonia is complicated by
empyema, a surgeon or interventional radiologist should be
consulted for placement of a chest tube for pleural drainage.
Consultation with a pulmonary specialist also may be help-
ful for patients with respiratory failure requiring mechani-
cal ventilation or when noninfectious pulmonary processes
are suspected. Specialty consultation is also recommended
for patients with CAP who fail to improve according to the
timeline described below or who are getting worse.

ISSUES DURING THE COURSE OF
HOSPITALIZATION

Figure 65.3 shows a sample critical pathway for CAP that
delineates the multidisciplinary processes of care during

the hospital stay. The initiation of parenteral antibiotics
as early as possible should be a high priority. Patients who
receive intravenous antibiotics within the first 8 hours of
presentation have higher rates of survival compared with
those in whom antimicrobial therapy was delayed (5). Re-
cent data suggest that the receipt of antibiotics within 4
hours of arrival confers an additional survival benefit (13).
Practically, this means that a patient needs to receive his or
her first dose of antibiotics in the emergency department.
All patients should have room-air oxygen saturation as-
sessed, and supplemental oxygen should be administered
to those individuals with oxygen saturation less than
90%–92%. The correlation between oxygen saturation
measurements by pulse oximetry and the actual PaO2 may
differ at altitude and vary according to the degree of skin
pigmentation. Patients with chronic hypoxemia should
have oxygen therapy titrated to achieve their normal base-
line PaO2 or oxygen saturation. Intravenous fluids should
be administered for volume depletion or inability to take
fluids by mouth. Bronchospasm should be treated with
bronchodilators delivered by metered-dose inhalers or by
nebulizer. If the patient is not ambulatory and is likely to
be bedridden for several days, prophylactic administration
of subcutaneous heparin should be considered to prevent
the development of deep vein thrombosis. Fever and
pleuritic chest pain can be treated with acetominophen or
nonsteroidal anti-inflammatory drugs if there are no con-
traindications.

The risk of clinical deterioration is greatest during the
first 2 days of hospitalization (14). Nearly two-thirds of
ICU, CCU, or telemetry unit admissions in patients with
pneumonia occur on the day of admission. Another 15%
occur on the day after admission. Therefore, close moni-
toring of vital signs, oxygen saturation, need for supple-
mental oxygen, mental status, and clinical stability is im-
perative and ought to be performed a minimum of three to
four times a day in the first two days. In addition, a nursing
assessment of the patient’s home situation, activities of
daily living, and cognitive abilities should be done in the
first 24 hours of hospitalization to help anticipate major
problems that may delay hospital discharge significantly
once a patient is medically stable. Because the average pa-
tient will become clinically stable on days 3 or 4, laying the
groundwork to facilitate timely discharge must begin
shortly after admission (14).

On day 2, microbiology results should be checked and
the antibiotic regimen adjusted as appropriate if a defini-
tive pathogen is identified. The official interpretation of the
initial chest radiograph should also be verified, because
preliminary readings may be revised or alternative causes
for pulmonary opacities suggested. By day 2, most patients
should be euvolemic. If the patient is able to take fluids by
mouth, supplemental intravenous fluids can be discontin-
ued. Vital signs should continue to be monitored regularly
and supplemental oxygen titrated to the oxygen saturation.
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Day 1:
1st 4 hours of Stay

• CXR
• CBC/Diff, Chem-7, UA
• Blood cultures
• Room air O2 Sat
• ABG if O2 Sat <90%
• Consider sputum for AFB if

upper lobe or cavitary disease
• Determine pneumonia risk class

(Figure 65.1)

Early Antibiotics:
• Begin after blood cx
• IV ABX within 2–4 hours

(in ED if possible)
• 2nd or 3rd gen. Cephalosporin

plus macrolide

Consider:
• Resp. isolation if R/O TB
• O2 if RA Sat<92%
• IV fluids if unable to take PO or

if dehydrated
• If bronchospasm, bronchodilator
• MDIs per RT protocol

• Vitals/Temp
• RA O2 Sat (if not done)
• I’s & O’s
• Orthostatics (if indicated)
• Admit weight

• Bedrest with BR privileges

• Diet as tolerated
• Encourage PO fluids unless 

contraindicated

Day 1:
Additional Tasks

• Notify PMD
• Assess gag reflex
  (R/O aspiration)

• SQ Heparin if non-
ambulatory

• IV to saline lock if
no hypovolemia
and able to take
PO

• Vitals/Temp
• RA O2 Sat
• Assess ADLs
• I’s & O’s
• RN assessment

completed
• Falls/cog. screen

• Activity ad lib

• Encourage fluids
• Nutritional screen

• Discuss expected
LOS w/ SW &
pt/family 
(avg. 4 days)

• Review home 
situation

• Orient to unit

Day 2:

• Check official CXR
interpretation

• Check culture result
• D/C labs if normal

• Adjust ABX if C+S
result

• D/C IV fluids if
appropriate

• Titrate O2 to keep
Sat >92%

• Vitals/Temp
• RA O2 Sat
• I’s & O’s as needed
• Assist w/ ADLs

• Increase activity as
tolerated

• PT consult if needed

• Encourage fluids

• PMD/RN/SW com-
munication re:
patient status

• Continue plan for
discharge care

• Discharge teaching
(meds, MDIs)

Day 3:

If not improving:
• Consider CXR
• R/O effusion-tap?
• Check culture

result
• ?Uncovered or

resistant organism
• ?Nonpulmonary

causes of infiltrates
• ?Specialty consult

• Switch to PO ABX
when clinical sta-
bility criteria are
fulfilled

• Adjust ABX to C+S
results

• D/C IV fluids if
appropriate

• Wean O2 as 
tolerated

• Vitals/Temp
• RA O2 Sat
• Increase ADLs
• D/C I’s & O’s

• Increase activity as
tolerated

• SOB w/ activity?

• Encourage fluids

• PMD/RN/SW com-
munication re:
patient status

• Continue plan for
discharge care

• Discharge teaching
(meds, MDIs)

Avg. Discharge Day:
Days 3–4 

Notify PMD of patient
discharge and F/U plans

• Discharge criteria met?
• Tolerates PO ABX?
• Consider influenza or

pneumonoccal vaccine
before discharge

• Vitals/Temp
• RA 02 Sat
• Patient/family can 

perform ADLs

• Ambulate or ADLs with
no more than mild SOB

• PO intake adequate or
plan for supplementa-
tion

• Discharge needs met
(home O2, DME, VNA,
transportation) 

• F/U appt made
• Patient instruction

sheet given

Review w/pt & family:
• Meds/MDIs
• D/C plan
• F/U appt
• Return signs & Sx

Tests

Medications
and
Therapeutics

Nursing/
Assessment

Activity

Nutrition

Discharge
Planning

Patient 
Education

Figure 65.3 Critical pathway: community-acquired pneumonia. ABG, arterial blood gas; 
ABX, antibiotics; ADLs, activities of daily living; BR, bathroom; C � S, culture and sensitivity; 
CBC, complete blood count; CX, culture; CXR, chest radiograph; D/C, discontinue; DME, durable
medical equipment; F/U, follow-up; I’s & O’s, intake and output; IV, intravenous; LOS, length of stay;
MDI, metered-dose inhaler; PMD, primary physician; RA, room air; RN, registered nurse; R/O, rule-
out; RT, respiratory therapy; SAT, saturation; SOB, shortness of breath; SW, social work; SX, symp-
toms; TB, tuberculosis; UA, urinalysis; VNA, visiting nurse.
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Patients who are clinically stable should be encouraged to
increase their activity level as tolerated to avoid the decon-
ditioning that can occur with bedrest. Physical therapy
should be consulted as appropriate. Discharge planning
and patient education about pneumonia should continue.

The time to clinical stability in patients hospitalized with
CAP is much more rapid than previously appreciated.
Among patients with vital sign abnormalities on presenta-
tion, the median time to stabilization of the heart rate (�100
beats/min) and systolic blood pressure (�90 mm Hg) is 2
days. Hospital day 3 is the median day that respiratory rate
(�24 breaths/min), oxygen saturation (�92%), and tem-
perature (�99° F [37.2° C]) abnormalities stabilize. By hos-
pital day four, over 75% of all heart rate, blood pressure, res-
piratory, and temperature abnormalities resolve, as do 65%
of all oxygenation deficits. The time to overall clinical stabil-
ity, defined as stable vital signs, baseline mental status, and
ability to eat, varies depending on the pneumonia severity
on presentation. The median time to clinical stability is three
days for low-risk patients (Risk Class I through III), four days
for moderate-risk patients (Risk Class IV), and six days for
high-risk patients (Risk Class V) (14).

For patients without metabolic or hematologic derange-
ments or other active comorbid conditions on presenta-
tion, the utility of daily laboratory testing is low. Repetition
of sputum studies or blood cultures is rarely indicated in
uncomplicated cases because the diagnostic yield of such
studies is very low once parenteral antibiotic therapy has
been initiated. Similarly, repeat chest radiographs are rarely
needed and should be reserved for patients who are not im-
proving as expected or who are getting worse.

Administration of a 7- to 10-day course of intravenous
antibiotics was once a central tenet of managing patients
hospitalized with CAP. Many studies now indicate that early
conversion from parenteral to oral antibiotic therapy is safe,
clinically effective, and less expensive. Other potential ad-
vantages of streamlined antibiotic therapy include
decreased incidence of phlebitis and line sepsis, and earlier
return to usual activities. Table 65.1 describes criteria for de-
ciding when patients are stable and can be converted from
parenteral to oral antibiotics (14, 15). Randomized trial
data support the safety of converting patients from
intravenous to oral antibiotics shortly after they become sta-
ble, often after just a few days of parenteral therapy (15). In
addition, newer agents (e.g., fluoroquinolones) can achieve
high serum drug levels with oral administration, suggesting
the possibility of initial oral therapy in certain uncompli-
cated patients with a functioning gastrointestinal system.

A variety of clinical characteristics, including initial
disease severity, comorbidities, and response to treatment
influence when an individual patient reaches clinical sta-
bility. However, once a patient reaches stability according
to the criteria listed in Table 65.1, the risk of clinical deteri-
oration serious enough to require admission to an ICU,
CCU, or telemetry unit is 1% or less, even among the sick-
est subset of patients (14). Therefore, the use of explicit,

physiologic criteria for defining appropriateness for con-
version to oral antibiotics is more clinically sensible than
practice guidelines, critical pathways, or utilization rules
that rigidly prespecify days on which certain actions should
occur. From an epidemiological standpoint, hospital days
three and four appear to be a critical point of inflection in
recovery from pneumonia for most uncomplicated cases.
Patients who have not met vital sign stability criteria, have
suppurative complications, or have S. aureus or Gram-
negative bacteremia should receive longer courses of intra-
venous antibiotics.

There are no data to support the traditional practice of
observing patients on oral therapy for 24 hours or requir-
ing all temperature measurements to be absolutely normal
prior to discharge. Patients can be discharged within 24
hours of stability and antibiotic conversion without any
adverse effects on patient outcomes and recovery. Chest
physical therapy should not be part of routine care, because
randomized controlled trials in patients with pneumonia
have found no clinical benefits.

It is important to recognize when a patient is failing to im-
prove as anticipated (as described previously) or is getting
worse. Warning signs include persistent heart rate, blood
pressure, and respiratory rate abnormalities beyond day four
and continued fever spikes or abnormal oxygen saturation
beyond day six. Symptoms of worsening dyspnea, wheezing,
chest pain, or mental status are also of grave concern. There
are several diagnostic and therapeutic issues to consider if
patients appear to be off the usual trajectory for recovery
(Table 65.2). First, a repeat chest radiograph should be ob-
tained to assess the possibility of a new or increasing pleural
effusion. If a new pleural effusion is present, thoracentesis
should be performed to determine the presence of empyema
or to provide symptomatic relief. Second, culture and sensi-
tivity data should be reviewed, and resistant or unusual in-
fectious pathogens considered. Third, the possibility of a
metastatic source of infection should be readdressed. Fourth,
the possibility of a noninfectious pulmonary process should
be entertained. Finally, an infectious disease or pulmonary
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TABLE 65.1
CRITERIA FOR IDENTIFYING IF PATIENTS ARE
CLINICALLY STABLE AND READY TO BE
CONVERTED FROM PARENTERAL TO ORAL
ANTIBIOTIC THERAPY

Patient with stable vital signs for �24 hours, defined as:

Temperature �37.8°C (100°F)
Heart rate �100 beats/min
Spontaneous respiratory rate �24 breaths/minute
Systolic blood pressure �90 mm hg (without vasopressor support)
Normal oxygenation on room air (O2 saturation �90%)
Patient able to ingest and digest tablets, capsules, or liquids
No evidence of a metastatic infection site
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medicine consultation should be considered to assist in
subsequent diagnosis and treatment.

DISCHARGE ISSUES

Criteria for identifying when patients are clinically stable
and ready to be discharged from the hospital are listed in
Table 65.3. The risk of adverse outcomes once clinical stabil-
ity has been attained is quite low. Conversely, patients who
are discharged prior to becoming stable have higher risk-
adjusted rates of death or readmission and slower return to
usual activities (16). Furthermore, the safety of these types of
discharge criteria has been confirmed by several randomized
controlled trials and observational studies (9,15).
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TABLE 65.2
CONSIDERATIONS FOR PATIENTS FAILING TO IMPROVE OR
GETTING WORSE AFTER EMPIRIC THERAPY FOR PRESUMED
COMMUNITY-ACQUIRED PNEUMONIA

Reasons for failure to improve
or worsening Recommended approach

Uncovered bacterial pathogen 
(e.g., Legionella)

Uncovered nonbacterial 
pathogen (e.g., virus, 
tuberculosis, fungus)

Resistant bacterial pathogen 
(e.g., highly resistant 
Streptococcus pneumoniae)

Nosocomial or opportunistic 
infection

Airway obstruction by mass

Development of empyema

Metastatic source of infection 
(abscess, endocarditis, 
osteomyelitis, septic arthritis)

Noninfectious pulmonary 
process

Additional microbiologic testing
Broaden antibiotic regimen to cover atypical bacterial

organisms
Consider infectious disease consultation
Additional microbiologic testing
Broaden antibiotic regimen
Consider infectious disease consultation
Check drug sensitivities
Switch to/add vancomycin or highly active anti-

pneumococcal fluoroquinolone
Obtain infectious disease consultation
Notify hospital infection control
Reconsider possibility of hospital-acquired or oppor-

tunistic infection (e.g., HIV disease)
Targeted laboratory testing for immunosuppression
Especially if history of recurrent pneumonia, smoking,

cancer, or chest radiograph indicates volume loss or
adenopathy

Consider chest computed tomography, pulmonary
consultation, or bronchoscopy

Repeat chest radiograph, with lateral decubitus films if
effusion is present

Diagnostic thoracocentesis
Chest tube drainage if empyema present
Thorough examination and workup looking for

evidence of seeding of other organs
Repeat chest radiograph, urinalysis, blood cultures, etc.
Obtain appropriate fluid samples from normally sterile

sites that may be infected
Consider possibility of pulmonary edema, embolism,

hemorrhage, vasculitis, pulmonary-renal syndromes,
hypersensitivity pneumonitis, neoplasm, etc.

Targeted imaging and laboratory studies

TABLE 65.3
CRITERIA FOR IDENTIFYING WHETHER
PATIENTS ARE CLINICALLY STABLE AND READY
TO BE DISCHARGED FROM THE HOSPITAL

Patients should meet all criteria in Table 65.1 for
conversion to oral antibiotics and should also:

Be tolerating oral antibiotics (give first dose in hospital, but no need
to observe for 24 hours on oral antibiotics)

Have returned to normal (or baseline) mental status
Have no evidence of acute comorbid condition that necessitates

continued inpatient management or close observation (such as
active cardiovascular, pulmonary, renal, hepatic, or endocrine
disease)
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Most patients with pneumonia are ready to be converted
to oral therapy on the day they reach stability and to be dis-
charged shortly thereafter. At the time of discharge, patients
should have stable vital signs, adequate room-air oxygen
saturation, baseline mental status, and be able to tolerate
oral medicines and fluids. The presence of other active co-
morbid conditions that themselves require hospitalization
may also delay discharge. Although most patients have a
fever curve on a downward trend, it is not imperative that
patients have completely normal temperatures prior to dis-
charge. The natural history of pneumonia symptoms can be
quite prolonged. More than 80% of all ambulatory and
hospitalized patients experience persistent fatigue and
cough, and more than 50% complain of dyspnea and spu-
tum production at day 7. Remarkably, prolonged fatigue
and cough are present in 65% and 53% of patients, respec-
tively, 30 days after presentation. Though these symptoms
are not reasons in themselves for continued hospitaliza-
tion, it is important that patients be told that it may take a
few weeks before their symptoms are fully resolved and
they will be able to return to their usual activities.

There may be special circumstances in which patients
with poor functional status appear stable but still require
low-flow supplemental oxygen, parenteral antibiotics, peri-
odic nursing, physical therapy, or other services not related
to their pneumonia. Several alternatives to continued acute
care hospitalization can be considered. Some patients may
be appropriate candidates for transfer to a sub-acute or in-
termediate care facility for continued treatment (intra-
venous antibiotics), monitoring, and rehabilitation. Use of
once-a-day parenteral antibiotics (e.g., ceftriaxone, lev-
ofloxacin, or gatifloxacin) can minimize the frequency and
intensity of visiting nurse services. Low-flow oxygen by
nasal cannula can be safely administered at home. Patients
who require more intensive oxygen therapy should be
treated in postacute care facilities.

Although the optimal duration of antibiotic therapy has
not been extensively studied, most experts recommend a to-
tal course of 10–14 days. Patients with documented
Legionella pneumonia should receive 14–21 total days of an-
tibiotics, with the longer courses used in immunosup-
pressed patients or those with severe pneumonia. The
selection of oral antibiotics to finish the course of treatment
should be guided by the desired microbial coverage, previ-
ous intravenous regimen, patient tolerance, and cost. Cul-
ture and sensitivity data, if available, should be reviewed to
help guide selection of the narrowest spectrum, most cost-
effective agent. Because no definitive pathogen will be iden-
tified in 50%–70% of cases, the choice of oral agent
will most often be empiric. Options for empiric oral
monotherapy (in no particular order) include a macrolide
(azithromycin, clarithromycin, erythromycin), an anti-
pneumoccocal fluoroquinolone, or doxycycline. Doxycy-
cline is the least costly regimen. Among macrolides,
azithromycin and clarithromycin are preferred if H. influen-
zae is suspected. These two agents may also result in better

patient compliance compared to erythromycin because of
less frequent dosing and fewer gastrointestinal side effects.
Other appropriate, but slightly more complicated alterna-
tives are a �-lactam plus a macrolide or a �-lactam and doxy-
cycline. Trimethoprim-sulfamethoxazole can no longer be
recommended as a first-line oral agent in pneumonia be-
cause of the high rates of pneumococcocal drug resistance.

Other opportunities to improve the quality of care and
patient health at the time of discharge are pneumococcal vac-
cination and smoking-cessation counseling. Hospital-based
vaccination of patients with CAP is safe and effective, par-
ticularly because it targets patients who have proven to be
truly at risk. Patients who are smokers should be strongly
advised to quit, and smoking cessation strategies and med-
ications should be discussed. Educational, resource, and
motivational information to support smoking cessation are
readily available from the American Cancer Society and the
American Lung Association.

All patients should have arrangements made for outpa-
tient follow-up to assure compliance with oral therapy and
complete disease resolution. It generally is recommended
that patients who smoke should have a chest radiograph re-
peated 4–6 weeks after discharge to exclude the possibility
of postobstructive pneumonia caused by lung cancer. It is
important to recognize, however, that only 50% of pul-
monary infiltrates clear radiographically by 6 weeks.

COST CONSIDERATIONS AND
RESOURCE USE

The hospitalization decision is the most important issue
from the perspective of reducing the costs of treating pa-
tients with CAP. Hospital care for pneumonia is 10–20
times more expensive than outpatient management. The
risk-stratification prediction rule outlined previously helps
rationalize this critical triage decision. Implementation of
this admission decision guideline in two studies resulted in
a 25% and 37% relative decrease in hospitalization rates
among low-risk patients without any adverse effects on pa-
tient outcomes or recovery (9, 10).

Among inpatients, the duration of hospital stay is the
single best determinant of total resource use. Thus, opti-
mizing the discharge decision so that patients are converted
from parenteral to oral antibiotics soon after reaching sta-
bility and are discharged shortly thereafter, as appropriate,
should have the second greatest impact on resource use.
Adopting this streamlined approach to decision making
has been estimated to potentially reduce the total number
of hospital days for pneumonia by 60% (14). The early
transition to oral antibiotics and the use of less expensive
agents is another means of reducing medication costs.
Avoiding standard ordering of multiple sputum studies, re-
peat chest radiographs, and daily blood tests, which have
low diagnostic yield and rarely change management, also
may reduce inpatient costs.
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KEY POINTS

■ Evidence-based practice guidelines and critical pathways
can greatly reduce practice variation and improve the
quality and efficiency of treatment for this common
condition.

■ By utilizing an admission decision algorithm based on
readily available clinical data, clinicians can identify a
subset of patients who may be safely managed as outpa-
tients, thereby decreasing the admission rates of low-risk
patients.

■ Low-risk patients with contraindications to outpatient
therapy and moderate- or high-risk patients should be
admitted.

■ A simple attempt at microbiological diagnosis, with blood
cultures, should be performed early, prior to the initiation
of parenteral antibiotics. Because there are no features of
the history, physical exam, laboratory studies, or chest ra-
diograph that are useful for determining microbial etiol-
ogy, patients should be quickly started on an empirically
guided, broad-spectrum antibiotic regimen covering com-
mon “typical” and “atypical” bacterial pathogens.

■ Patients who are severely ill should be rapidly stabilized
in an ICU or other monitored setting.

■ Patients can be converted to oral antibiotics and dis-
charged shortly thereafter once clinical stability criteria
have been met, most often by days three or four.

■ Shorter courses of parenteral antibiotics can lead to
significantly shorter, less expensive hospital stays with
excellent clinical outcomes.

REFERENCES

1. Mandell LA, Dowell SF, Bartlett JG, et al. Update of practice guide-
lines for the management of community-acquired pneumonia in
immunocompetent adults Clin Infect Dis 2003;37:1405–1433.

2. Niederman MS, Mandell LA, Anzueto A, et al. Guidelines for the
management of adults with community-acquired pneumonia:
diagnosis, assessment of severity, antimicrobial therapy and
prevention. Am J Resp Crit Care Med 2001;163:1730–1754.

3. Mandell LA, Marrie TJ, Grossman RF, et al. Canadian guidelines
for the initial management of community-acquired pneumonia:
an evidence-based update by the Canadian Infectious Diseases
Society and the Canadian Thoracic Society. The Canadian Com-
munity-Acquired Pneumonia Working Group. Clin Infect Dis
2000;31:383–421.

4. Metlay JP, Fine MJ. Testing strategies in the initial management of
patients with community-acquired pneumonia. Ann Intern Med
2003;138:109–118.

5. Meehan TP, Fine MJ, Krumholz HM, et al. Quality of care, process,
and outcomes in elderly patients with pneumonia. JAMA
1997;278:2080–2084.

6. Fine MJ, Auble TE, Yealy DM, et al. Improving the appropriateness
of hospital care in community-acquired pneumonia: a prediction
rule to identify patients at low risk for mortality and other adverse
medical outcomes. N Engl J Med 1997;336:243–250.

7. American College of Emergency Physicians. Clinical policy for the
management and risk stratification of community-acquired pneu-
monia in adults in the emergency department. Ann Emerg Med
2001;38:107–113.

8. Halm EA, Teirstein AS. Management of community-acquired
pneumonia. N Engl J Med 2002;347:2039–2045.

9. Marrie TJ, Lau CY, Wheeler SL, et al. A controlled trial of a critical
pathway for treatment of community-acquired pneumonia. JAMA
2000;283:749–755.

10. Atlas SJ, Benzer TI, Borowsky LH, et al. Safely increasing the pro-
portion of patients with community-acquired pneumonia treated
as outpatients: an interventional trial. Arch Intern Med 1998;
158:1350–1356.

11. Gleason PP, Meehan TP, Fine JM, et al. Associations between
initial antimicrobial therapy and medical outcomes for hospital-
ized elderly patients with pneumonia. Arch Intern Med 1999;
159:2562–2572.

12. Heffelfinger JD, Dowell SF, Jorgensen JH, et al. Management of
community-acquired pneumonia in the era of pneumococcal
resistance: a report from Drug-Resistant Streptococcus pneumo-
niae Therapeutic Working Group. Arch Intern Med 2000;160:
1399–1408.

13. Houck PM, Bratzler DW, Nsa W, et al. Timing of antibiotic admin-
istration and outcomes for Medicare patients with community-
acquired pneumonia. Arch Intern Med 2004;164:637–644.

14. Halm EA, Fine MJ, Coley CM, et al. The time to clinical stabil-
ity in patients hospitalized with community-acquired pneumo-
nia: implications for practice guidelines. JAMA 1998;279:
1452–1457.

15. Rhew DC, Tu GS, Ofman J, et al. Early switch and early discharge
strategies in patients with community-acquired pneumonia: a
meta-analysis. Arch Intern Med 2001;161:722–727.

16. Halm EA, Fine MJ, Kapoor WN, et al. Instability on hospital
discharge and the risk of adverse outcomes in patients with pneu-
monia. Arch Intern Med 2002;162:1278–1284.

ADDITIONAL READING

Battleman DS, Callahan M, Thaler HT. Rapid antibiotic delivery and
appropriate antibiotic selection reduce length of stay of patients
with community-acquired pneumonia. Arch Intern Med 2002;
162:682–688.

File TM. Community-acquired pneumonia. Lancet 2003;362:
1991–2001.

Musher DM, Barlett JG, Doern GV. A fresh look at the definition of
susceptibility of Streptococcus pneumoniae to �-lactam antibiotics.
Arch Intern Med 2001;161:2538–2544.

Niederman MS. Review of treatment guidelines for community-
acquired pneumonia. Am J Med 2004;117(Suppl 3):51S–57S.

Rhew DC, Hackner D, Henderson L, et al. The clinical benefit of 
in-hospital observation in “low-risk” pneumonia patients after
conversion from parenteral to oral antimicrobial therapy. Chest
1998;113:142–146.

Waterer GW, Somes GW, Wunderink RG. Monotherapy may be
suboptimal for severe bacteremic pneumococcal pneumonia. Arch
Intern Med 2001;161:1837–1842.

644 Section VII: Infectious Diseases

26410 ch 065  3/25/05  8:29 AM  Page 644



Hospital-Acquired

Pneumonia
Donald E. Craven Catherine A. Fleming Kathleen A. Steger Craven

INTRODUCTION

Hospital-acquired pneumonia (HAP) (or nosocomial
pneumonia) is defined as an infection of lung parenchyma
not present at the time of hospital admission. Although
HAP is the second most common nosocomial infection in
the United States, it is the most serious in terms of mortal-
ity and morbidity rates (1–4). Crude mortality rates range
from 10% to 40% and are highest in elderly, mechanically
ventilated patients and those with serious underlying dis-
ease, bacteremia, or infection with more virulent organisms
such as Pseudomonas aeruginosa. In case-control studies, the
mortality rate directly attributed to pneumonia has been
estimated to be 30% (1–4).

Aspiration of bacteria colonizing the oropharynx is the
most common route of pulmonary infection. In nonven-
tilated patients, increased sedation, change in mental sta-
tus, and vomiting are important risk factors for aspiration.
In mechanically ventilated patients, aspiration may occur
during intubation or from leakage of secretions around
the endotracheal tube. HAP may be caused by a variety of
bacteria, and most infections are caused by more than one
pathogen (1–4) (Table 66.1). Early-onset HAP occurs dur-
ing the first four to seven days of hospitalization and is
usually caused by “community-acquired pathogens” such
as Streptococcus pneumoniae or Haemophilus influenzae. By
comparison, late-onset disease is more often caused by
more antibiotic-resistant or multidrug-resistant (MDR)
nosocomial pathogens, such as P. aeruginosa, Acinetobacter
spp., or methicillin-resistant Staphylococcus aureus (MRSA).
Patients who have been in health care facilities, received
antibiotics during the previous 90 days, have organ failure
or structural lung disease, are immunosuppressed, or are
receiving immunosuppressive therapy or dialysis are also

at risk for infections because of MDR pathogens (1–4)
(Chapter 64).

ISSUES AT THE TIME OF DIAGNOSIS

Clinical Features and Diagnosis

Despite its poor specificity, most clinicians continue to rely
on a clinical diagnosis of pneumonia, which is based on
presenting symptoms of fever, cough, and shortness of
breath, along with a new infiltrate on chest radiograph and
the analysis of expectorated sputum or endotracheal aspi-
rates. One can increase the specificity for the diagnosis of
ventilator-associated pneumonia (VAP) by using quantita-
tive analysis and Gram stains of endotracheal aspirates or
bronchoalveolar lavage fluid, although these methods are
not universally available in hospitals (3–6).

The initial evaluation of patients with suspected HAP is
shown in Figure 66.1 and involves confirming the presence
of an intrapulmonary process, establishing the presence and
severity of infection, and ruling out alternative diagnoses
such as atelectasis, pulmonary embolus, or congestive heart
failure. Symptoms suggesting HAP include fever, cough,
purulent sputum production, dyspnea, change in mental
status, and pleuritic chest pain. For mechanically ventilated
patients, pneumonia is often heralded by a change in secre-
tions, increased oxygen requirements, new or increased in-
filtrate on chest radiograph, leukocytosis, or fever.

Physical examination may reveal fever, tachycardia,
and tachypnea, with cyanosis and respiratory distress in
severe cases. Additional signs may include lung consoli-
dation, pleuritis, effusion, and changes in oxygenation
requirements. Alternative causes of persistent fever and

66
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Figure 66.1 Algorithm for man-
aging hospital-acquired pneumonia
(HAP). CXR, chest radiograph; VAP,
ventilator-associated pneumonia;
WBC, white blood cell count.

TABLE 66.1
ETIOLOGY OF HOSPITAL-ACQUIRED PNEUMONIA (HAP)/VENTILATOR-
ASSOCIATED PNEUMONIA (VAP) BY LOCATION AND FREQUENCY OF
ISOLATION OF MULTI-DRUG RESISTANCE (MDR) PATHOGENS

ICU or VAP MDR
Major HAP pathogens Frequency pathogens strains

Gram-negative pathogens
Pseudomonas aeruginosa Common ��� ���

Escherichia coli Common �� �

Klebsiella pneumoniae (ESBL�/�) Variable � ���

Enterobacter species Variable � No
Serratia marcesens Variable � No
Acinetobacter species Variable �� ���

Stenotrophomonas maltophilia Uncommon � ���

Haemophilus influenzae Variable � No
Legionella pneumophila Variable � No

Gram-positive pathogens
Staphylococcus aureus, methicillin Common ��� ���

sensitive (MSSA) & methicillin-
resistant (MRSA)

Streptococcus pneumoniae Variable � ���

Anaerobic pathogens Rare Rare No
Fungal pathogens

Candida species Rare Rare ���

Aspergillus fumigatus Variable Rare No
Viruses (RSV, influenza, CMV) Rare Rare No

� � uncommon, �� � common, ��� � frequent
CMV, cytomegalovirus; ESBL, extended spectrum �-lactamase; RSV, respiratory syncytial virus. 
See Table 66.2 defining risk factors for MDR pathogens and Table 66.3 for effective antibiotics.

HAP (Including VAP) Suspected

Obtain appropriate cultures
Begin empiric antimicrobial therapy

based on most likely pathogens
and local microbiologic data

Check cultures and assess clinical response:
Temperature, WBC, CXR, PaO2/FiO2,

hemodynamic changes and organ function

Search for complications
(abscess, empyema, unusual pathogens),

noninfectious causes;
consider other diagnoses and therapy

De-escalate  antibiotics
based on microbiology results.

For uncomplicated HAP
 (including VAP), treat for 7 days

No Yes

Clinical improvement at 48–72 hours
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their evaluation in hospitalized patients are discussed in
Chapter 62.

Chest Radiography

The finding of a new infiltrate on chest radiograph is neces-
sary but not sufficient to make the diagnosis of HAP.
Noninfectious causes of a new radiographic infiltrate in
hospitalized patients include congestive heart failure, at-
electasis, pulmonary embolus with infarction, and chemical
pneumonitis caused by aspiration. In some patients, better
assessment of the infiltrate can be made by a computerized
axial tomographic (CAT) scan. Adult Respiratory Distress
Syndrome (ARDS) and pulmonary hemorrhage also should
be considered in critically ill patients. A false negative chest
radiograph is rare but may occur in patients with neutrope-
nia, early infection, and pneumonia due to Pneumocystis
jirovecii (formerly P. carinii). Patients with symptoms of
pneumonia and a negative chest radiograph may have
purulent tracheobronchitis. Multilobar changes, rapid pro-
gression of pulmonary infiltrates, or the presence of cavita-
tion all suggest a particularly severe case of HAP. In patients
with a significant parapneumonic effusion, diagnostic tho-
racocentesis should be performed to rule out empyema.

Laboratory Tests

Laboratory investigations are essential for definitively diag-
nosing HAP, assessing the severity of illness, and identifying
the cause. Recommended routine laboratory tests in patients
with HAP include a complete blood count, two sets of blood
cultures, and a sputum Gram stain and culture. Blood cul-
tures identify the infecting organism in 10%–20% of cases
and a positive blood culture may predict a more complicated
course with a higher risk of death. A properly prepared Gram
stain of purulent sputum, the endotracheal aspirate, or bron-
choalveolar lavage (BAL) fluid may provide initial clues to the
infecting bacteria and important data for correlation with the
sputum culture result. Sputum smears that have white blood
cells but no bacteria raise suspicion for atypical organisms
such as Legionella, mycobacterial species, or respiratory
viruses. Sputum culture is useful for detecting the presence of
resistant organisms, but has low specificity. Additional tests
for Legionella urinary antigen should be obtained, as guided
by institutional epidemiology.

Oxygenation should be assessed by pulse oximetry, with
subsequent arterial blood gas determination in those with
oxygen saturation less than 92%. Testing for HIV as well as
appropriate evaluation for other causes of immunosup-
pression should be considered when risk factors or the clin-
ical presentation dictate.

A clinical diagnosis of HAP in mechanically ventilated
patients with a new infiltrate, fever, sputum production,
leukocytosis (usually with a shift to greater numbers of
polymorphonuclear leukocytes and band forms), and im-
paired oxygenation is sensitive but not specific (3–6). The

use of the modified Clinical Pulmonary Infection Score
(CPIS), which quantifies temperature, level of leukocytosis,
oxygenation, changes on chest radiograph, and purlence of
respiratory secretions, has been used to classify patients
with HAP and predict outcomes from HAP (7–9). In one
study, patients with mild HAP who had a low initial Clini-
cal Pulmonary Infection Score (�6) or a low likelihood of
HAP were randomized to treatment with a short course (3
days) of ciprofloxacin versus “standard” therapy (multiple
antibiotics for a longer periods of time) (8). Although the
number of study patients was small, the group randomized
to ciprofloxacin monotherapy had significantly shorter
stays in the intensive care unit, fewer superinfections and
drug resistant pathogens, and a trend toward decreased
mortality.

If sputum is available, it should be cultured before start-
ing antibiotics. In all intubated patients with suspected
HAP, an endotracheal aspirate should be obtained for
Gram stain and culture and, if available, for quantitative
culture. The use of quantitative sputum cultures from blind
bronchoalveolar lavage (BAL) or quantitative endotracheal
aspirates increases the diagnostic specificity of ventilator-
associated pneumonia (VAP) and correlates well with speci-
mens obtained from bronchoscopy with bronchoalveolar
lavage (BAL), but quantitative techniques for diagnosing
VAP are not widely used in the United States (3–6). Data
collected from one large randomized trial of patients with
suspected VAP found that patients randomized to diagno-
sis by bronchoscopy with quantitative bronchoalveolar
lavage (BAL) or protected specimen brush samples had sig-
nificantly lower use of antibiotics and decreased mortality
than those managed by clinical diagnosis and non-
quantitative endotracheal aspirates (4). Bronchoscopy with
BAL should be considered for patients who do not respond
to initial, empiric antibiotic therapy.

Criteria for ICU Admission

Indications for ICU monitoring in patients with HAP in-
clude hemodynamic instability, respiratory failure, or ob-
tundation sufficient to impede airway protection (3, 4).
Manifestations of the Systemic Inflammatory Response
Syndrome also may indicate the need for intensive care.
Possible indications include advanced age, comorbid ill-
nesses, and the need for higher levels of nursing care re-
quired for airway management.

Initial Antibiotic Therapy

Because it is difficult to establish a clear diagnosis of HAP
and because aspiration predisposes to multiple pathogens,
we strongly recommend early, empiric, intravenous broad-
spectrum antimicrobial coverage based on time of onset and risk
factors for MDR bacteria (3). Clearly, the prevalence of MDR
pathogens varies by hospital, intensive care units within a
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single hospital, and with time (3) (Tables 66.2, 66.3, and
66.4). Intravenous antibiotics, in appropriate doses, must be
initiated promptly after appropriate blood and sputum cul-
tures are obtained to limit progression of disease, improve
patient outcomes, and decrease hospital costs (3).

Patients with HAP (early onset and without risk factors
for MDR pathogens) should be treated with a 2nd- or 3rd-
generation cephalosporin (cefuroxime 1.5 gms q8h or
ceftriaxone 2 gms/day); a high-dose quinolone (such as
levofloxacin 750 mg/day IV or ciprofloxacin 400 mg IV
q8h); or a �-lactam, �-lactamase inhibitor (ampicillin/sul-
bactam 3 gms IV q6h), as shown in Table 66.3 (1, 3). With
the emergence of penicillin-resistant and MDR strains of
S. pneumoniae, the use of ceftriaxone or extended-spectrum
quinolones (such as levofloxacin) may be preferable to

earlier generation quinolones, such as ciprofloxacin. In
contrast to the �-lactam regimens, quinolones also have
activity against atypical pathogens such as Legionella
pneumophila.

Broader-spectrum antibiotic therapy of HAP and VAP
is recommended for patients with risk factors for MDR
pathogens, and for those with late onset disease (1, 3) (as
shown in Table 66.4). Initial selection of antibiotic cover-
age may depend on the prevalence and species, and an-
tibiotic sensitivity of the specific MDR pathogens. Doses
should be adjusted for impaired renal function. For
Gram-negative bacilli, the following doses are recom-
mended: antipseudomonal cephalosporins (ceftazidime
2 gm q8h IV or cefipime 2 gm q12h IV); �-lactam/
�-lactamase inhibitor (piperacillin-tazobactam 4.5 g
q6h); carbepenems (imipenem 500 mg q6h or
meropenem 1g q8h); fluoroquinolones (ciprofloxacin
400 mg q8h IV or levofloxacin 750 mg/day IV); amino-
glycosides (gentamicin 7 mg/kg/d); tobramycin (7
mg/kg/d); or amikacin (20 mg/kg/d) with serum levels
checked. For MRSA, the recommended doses are van-
comycin 15 mg/kg q12h IV with doses monitored by
serum levels, or linezolid 600 mg bid IV (10). If Klebsiella
pneumoniae with extended spectrum �-lactamase is sus-
pected, carbipenems should be used instead of
cephalosporins. If Legionella pneumophila is suspected, the
regimen should include a quinolone. A discussion of all
possible regimens is beyond the scope of this chapter.

ISSUES DURING THE COURSE OF THE
HOSPITALIZATION

Monitoring clinical response to initial therapy, adjusting or
streamlining antibiotics based on clinical and microbio-
logic data, and checking for possible complications are of
paramount importance. A critical pathway for the manage-
ment of HAP is shown in Figure 66.3.

Day 1

The highest priority during the first 2–4 hours after suspi-
cion of HAP is the rapid initiation of appropriate intra-
venous antibiotics following completion of initial assess-
ments and collection of cultures (1, 3). The patient’s
room-air oxygen saturation should be measured; if it is be-
low 92%, supplemental oxygen should be given. The need
for ICU transfer, respiratory therapy, or intubation should
be evaluated regularly during the first 12–24 hours, and
thereafter as needed.

The patient’s requirements for hydration and nutri-
tional support should be assessed. Unless contraindi-
cated, the head of the bed should be maintained at a 30
degree upright position (1, 3, 11). If resistant organisms
or tuberculosis are suspected, the patient should be placed

TABLE 66.3
TREATMENT RECOMMENDATIONS FOR
PATIENTS WITH MILD-TO-MODERATE
HOSPITAL-ACQUIRED PNEUMONIA (HAP),
EARLY ONSET, AND NO KNOWN RISK FACTORS
FOR MDR PATHOGENSa

Potential pathogens Recommended antibiotics

Streptococcus pneumoniaeb 2nd/3rd generation cephalosporin
Haemophilus influenzae (cefotaxime, ceftriaxone)
Methicillin-sensitive OR

Staphylococcus aureusc 3rd generation quinolone
Antibiotic-sensitive enteric (levofloxacin)

gram-negative bacilli OR
Escherichia coli �-lactam, �-lactamase inhibitor
Klebsiella pneumoniae (ampicillin/sulbactam)
Enterobacter species
Proteus species
Serratia marcescens

a For risk factors, see Table 66.2.
b Frequency of penicillin-resistant S. pneumonae (PRSP) and multidrug
resistant (MDR) S. pneumoniae strains increasing
c Reports of community-acquired methicillin-resistant S. aureus (CA-
MRSA) are emerging in different geographic areas.
Adapted from American Thoracic Society and Infectious Diseases
Society of America. Guidelines for the management of adults with
hospital-acquired, ventilator-associated, and healthcare-associated
pneumonia. Am J Respir Crit Care Med 2005;171: in press.

TABLE 66.2
MDR PATHOGEN RISK FACTORS

Prior antibiotics (�90 days)
Prior hospitalization, chronic care
Dialysis or organ failure
Immunosuppressive disease or therapy
Structural lung disease
Late onset HAP or VAP

HAP, hospital-acquired pneumonia; VAP, ventilator-associated
pneumonia.
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on respiratory isolation pending microbiological results.
If the patient has restricted mobility, subcutaneous
heparin or other appropriate prophylaxis should be
administered (Chapter 52). Vital signs and oxygen satura-
tion should be followed closely during the first 12–24
hours.

Day 2

On day two, culture results should be checked and antibi-
otics should be adjusted to cover the infecting pathogens
and stopped if there is no evidence of HAP. The duration
of therapy for uncomplicated HAP should be targeted for
seven days, especially in patients who demonstrate prompt

clinical improvement (1, 3, 12). If the patient appears to be
improving, extubation, transfer from the ICU, a switch to
oral antibiotics, and advanced diet and activity can be con-
sidered. Although the course of HAP may vary, signs of
clinical response should be evident within 48 hours after
therapy is initiated. Lack of response to treatment may re-
sult from either an incorrect initial diagnosis of pneumonia
or inadequate evaluation and therapy, as outlined in Table
66.5. To guide further management, a comprehensive eval-
uation should be performed and infectious disease and
pulmonary consultations should be obtained. At this
point, invasive microbiologic sampling to look for resistant
or unusual pathogens is usually appropriate (1, 3). Nega-
tive cultures should raise the possibility of a noninfectious

TABLE 66.4
INITIAL EMPIRIC THERAPY FOR PATIENTS WITH HOSPITAL-ACQUIRED
PNEUMONIA (HAP), INCLUDING VAP, AND RISK FACTORS FOR
MULTIDRUG-RESISTANT (MDR) PATHOGENS OR LATE-ONSET DISEASE

Potential MDR pathogensa Combination antibiotic therapye

• Pseudomonas aeruginosaa 3rd/4th generation antipseudomonal cephalosporin
• Acinetobacter speciesa (ceftazidime, cefepime)
• Klebsiella pneumoniaea,c OR
• Escherichia coli carbepenem (antipseudomonal)
• Enterobacter aerogenes (imipenem, meropenem)
• Methicillin-resistant OR

Staphylococcus aureus (MRSA)d,g �-lactam, �-lactamase inhibitor
(pipercillin-tazobactam)

PLUS
fluoroquinoloneb

(levofloxacin, ciprofloxacin)f

OR
aminoglycosideb,h

(gentamicin, tobramycin, amikacin)
PLUS
linezolid or vancomycin (if MRSA is prevalent)i

a Sensitivities vary for gram-negative bacilli. Initial antibiotic therapy should be adjusted or streamlined
based on subsequent microbiologic data and clinical response to therapy.
b If Legionella pneumophila is suspected, the combination antibiotic regimen should include a
fluoroquinolone rather than an aminoglycoside.
c For ESBL� isolates, imipenem or meropenem should be used instead of ceftazidime or cefepime.
d Outcomes for patients with HAP due to MRSA may be better for linezolid than vancomycin (12).
e Suggested regimens—equivalent substitutions are appropriate.
f Levofloxacin at higher dose (750 mg IV qd) approved for the treatment of nosocomial pneumonia has
excellent activity against MDR Streptococcus pneumoniae. Ciprofloxacin at higher dose (400 mg q8h IV)
has also been used to treat HAP, but has decreased activity against Streptococcus pneumoniae (which may
cause early onset HAP).
g Rates of methicillin-reisistant S. aureus (MRSA) have increased in health care facilities, in the community
and in persons who have received recent antibiotics.
h Aminoglycosides do not penetrate well into lung tissue and have renal and ototoxicity. Aminoglycosides
should be dosed daily. Initial doses of gentamicin and tobramycin (7 mg/kg/day) and amikacin (20 mg/kg/
day) are recommended along with monitoring of serum peak and trough levels along with renal function.
Their use should generally be limited to 3–5 days.
i In patients with HAP due to MRSA, linezolid (600 mg bid) may provide better coverage than vancomycin
(12). Doses of vancomycin should be 10–15 mg/kg q12 hrs. Trough levels of 15–20 mcg/mL should be
maintained for treating HAP due to MRSA.
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Figure 66.2 Critical pathway: hospital-acquired pneumonia (HAP). ABG, arterial blood gas; AFB,
acid-fast bacillus; BAL, bronchoalveolar lavage; Chem-7, chemical profile; diff, differential; HIV, hu-
man immunodeficiency virus; hx, history; ICU, intensive care unit; ID, infectious disease; I&O, intake
and output; MDR, multidrug resistant; O2, oxygen; PCP, pneumocystis jirovecii pneumonia; PSB, pro-
tected specimen brush; QEA, quantitative endotracheal aspirates; R/O, rule out; sat, saturation; TB,
tuberculosis.

Day 1:
Initial 4 hours

• Physical examination
• Chest radiograph
• Sputum culture & Gram stain
• CBC/diff, Chem-7, urinalysis
• Blood cultures
• O2 sat; ABG if <92%
• Sputum AFB if at risk for TB
• Consider unusual pathogens

(PCP, Legionella) if patient at risk
• Consider quantitative tests: QEA,

BAL, PSB +/– bronchscopy
• Assess relevant hx: aspiration,

chronic illnesses
• ID consult & HIV testing as

appropriate

• Early initiation of intravenous
(IV) antibiotics (ABX) within 2–4
hours but after cultures (check
ABX allergies). See Tables 66.2

• Consider respiratory isolation if
TB or MDR strain suspected

• Consider transfer to ICU if
patient unstable or for severe
HAP; intubate as needed

• Respiratory therapy as needed

• Vital signs (VS), temp, I&O, 
O2 sat, weight

• Update code status & health care
proxy as needed

• As tolerated, consider lateral bed
for immobility

• Elevate head of bed 30° unless
contraindicated

• Baseline assessment with 
appropriate plan

• Orient to unit as soon as 
possible

Day 1:
Additional
considerations

• Subcutaneous
heparin if 
indicated

• Assess need for
IV fluids

• Continue to mon-
itor VS, temp,
I&O, O2 sat as
indicated

• Encourage activi-
ty as tolerated

• Consider need for
IV hydration +/–
enteral feeding

• Notify primary
care provider

• Notify family

Day 2:
If stable or 
improving

• Check official chest
radiograph report & 
culture results

• Repeat O2 sat, adjust
O2 if needed

• Consider oral regimen
+/– narrow spectrum
based on culture results

• If stable, assess 
ongoing need for
mechanical ventilation

• If stable, consider
transfer from ICU

• Assess need for ongo-
ing respiratory therapy

• Continue to monitor
VS, temp, I&O, O2 sat
as indicated

• Increase activity as
appropriate; assess
dyspnea on exertion;
consider physical
therapy consult

• Increase diet as 
tolerated

• Review home situation
and needs, determine
anticipated length of
hospitalization

• Begin discharge 
planning teaching
(medications, return
symptoms) as soon

Day 2:
If NOT stable or
improving

• Repeat chest 
radiograph & culture

• R/O effusion,
empyema, abscess

• Consider other
diagnoses

• Consider pul-
monary/ID consults

• Consider quantita-
tive tests – QEA,
BAL, PSB by 
bronchoscopy

• Evaluate need for
regimen changes

• Assess O2 sat

• Continue to 
monitor response
to therapy, making
necessary adjust-
ments

• Continue to moni-
tor VS, temp, I&O,
O2 sat as indicated

• Activity as tolerated

• Increase diet as
tolerated

• Review discharge
plan with family as
needed

• Reinforce patient
education as need-
ed; involve family if
necessary

Once stable, 
until discharge

• Continue to monitor
response to therapy 

• Begin patient education
regarding medications

• Document plan includ-
ing expected date of
discharge & disposition

• Assess need for smok-
ing cessation program
& vaccination (pneu-
mococcal & influenza)

• Assess limitations in
activities and incorpo-
rate intervention in 
discharge plan

• Nutritional counseling
as needed

• Update patient status
and continue to 
develop plan

• Implement discharge
plan

• Include appropriate
vaccination plans

• Provide written & oral
instructions of follow-
up plan

Tests

Medications
and
Therapeutics

Nursing/
Assessment

Activity

Nutrition

Discharge
Planning

Patient 
Education

and 66.3.
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pulmonary process. In the patient who has not improved,
further radiographic evaluation (including lateral decubi-
tus films, ultrasound, or a computerized tomograpic scan)
is also indicated at this time to rule out empyema, cavita-
tion, or a post-obstructive process. A spiral computerized
tomograpic scan or ventilation-perfusion scan should be
considered in patients in whom an infectious process is not
identified.

Remainder of Hospitalization and
Discharge Planning

The most common pulmonary complication of HAP is
empyema. Thoracocentesis is indicated in all patients with a
sizable pleural effusion (defined as �10mm on lateral de-
cubitus films) in whom pneumonia is suspected. Empyema
is suggested by persistent fevers or leukocytosis associated
with a parapneumonic effusion or the finding of a locu-

lated effusion, and the diagnosis is confirmed by thoracen-
tesis. Early diagnosis and prompt drainage of the infected
pleural space by needle aspiration, chest tube, or thora-
cotomy are crucial (Chapter 60). Lung abscess is a relatively
uncommon complication of HAP and may be diagnosed
by chest radiograph or computerized tomographic scan in
patients who are not responding to otherwise appropriate
therapy. Extrapulmonary complications may result from
the appropriate interventions and treatment. These include
Clostridium difficile colitis, central venous catheter infec-
tions, drug reactions or toxicity, venous thromboem-
bolism, and respiratory-tract superinfection, seen most 
frequently in intubated patients. These complications 
may present as a failure to respond to antibiotic therapy
(Table 66.5).

The duration of therapy for uncomplicated HAP is usu-
ally seven days (3, 12). Some patients with more severe un-
derlying disease, impaired immune systems, or infection
with antibiotic-resistant organisms who do not respond
may need longer courses of antibiotics. Patients with com-
plications such as empyema or lung abscess may require
four to eight weeks of antibiotic therapy along with other
therapeutic interventions. If the patient has a rapid
response to antibiotic therapy for HAP, the duration of
therapy may be shortened. Once the patient’s condition
has stabilized, the prescribed course may be completed at
home or in step-down facilities. Nosocomial pathogens,
such as P. aeruginosa and S. aureus, may persist in sputum
after the patient’s clinical parameters have returned to nor-
mal. This invariably represents colonization rather than in-
fection and does not require further antibiotic therapy.
Nevertheless, patients should be carefully monitored for
relapse (3, 12).

Once the patient is responding to therapy, a nursing as-
sessment should be done. This assessment should attempt
to identify risk factors for pneumonia and aspiration, and
address the condition of the patient’s teeth, as well as the
need for smoking cessation and other patient education.
Pneumococcal and influenza vaccination status also
should be ascertained. All patients with Aspergillus, tuber-
culosis, Legionella pneumophila, or MDR nosocomial
pathogens should be reported to the infection-control staff
(1, 3). In addition, cases of atypical or resistant organisms
should be reported back to referring facilities from which
the patient was transferred.

COST CONSIDERATIONS AND
RESOURCE USE

Nosocomial pneumonia increases the duration of hospi-
talization two- to threefold compared with patients with-
out pneumonia. When comparing infection rates across
facilities, patients should be stratified by severity of pneu-
monia, presence of risk factors, and admission to the ICU,
and comparisons should be based on incidence density
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TABLE 66.5
DIFFERENTIAL DIAGNOSIS OF PATIENTS WHO
FAIL TO RESPOND OR WHO DETERIORATE
FOLLOWING INITIAL THERAPY, CLASSIFIED
ACCORDING TO THE ACCURACY OF THE
ORIGINAL DIAGNOSIS

Correct diagnosis Incorrect diagnosis

Wrong organism Atelectasis
Bacterial/legionella/ Neoplasm

mycobacteria Pulmonary embolism
Viral Congestive heart failure
Fungal/Pneumocystis carinii Acute Respiratory

Resistant organism Distress Syndrome
Methicillin-resistant Pulmonary hemorrhage

Staphylococcus aureus Pulmonary contusion
Multidrug-resistant Chemical pneumonitis

Gram-negativea

Complication

Empyema
Lung abscess
Clostridium difficile colitis
Central line infection
Drug fever

Inadequate antibiotic

Wrong dose
Poor absorption

Poor prognostic factors
Age/underlying disease
Postobstruction

a Common examples of multidrug-resistant Gram-negatives
include Pseudomonas aeriginosa, Acinetobacter baumanni,
Klebsiella pneumoniae (extended �-lactamase �).
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(rates per 1,000 ICU or hospital days or, in ventilated pa-
tients, rates per 1,000 days on mechanical ventilator).

Appropriate prevention strategies can significantly de-
crease the incidence of HAP (1–3, 11). Such strategies can be
divided into host factors, medications, and devices that fa-
cilitate patient colonization and environmental factors.
Infection-control measures are aimed at preventing cross-
infection or colonization with nosocomial pathogens from
other patients and staff. Table 66.6 reviews recommenda-
tions that either have been proven in clinical trials or epi-
demiologic studies, or have been recommended by consen-
sus panels convened by the Centers for Disease Control and

more recent reviews by experts (1–3, 11). Clearly, some of
the most effective prevention strategies are low technologic
approaches, most of which are widely available, inexpensive,
and noninvasive. For these reasons, their potential contribu-
tion to preventing cases of HAP may be underappreciated.

Further studies are needed to assess streamlined thera-
peutic approaches, such as the use of oral regimens or short
courses of antibiotics. The time from diagnosis to
discharge, length of ICU stay, and days of mechanical ven-
tilation should be monitored, along with other outcome
variables such as the numbers of patients requiring tra-
cheostomy. Although most clinical outcomes for pneumo-

TABLE 66.6
PROPHYLAXIS OF HOSPITAL-ACQUIRED PNEUMONIA IN MECHANICALLY VENTILATED PATIENTS
AND NONVENTILATED PATIENTS

Recommended

Mechanically
Risk factor Intervention ventilated Nonventilated

Host factors

Aspiration/reflux Elevate patient’s head 30° X X
Chronic obstructive pulmonary Incentive spirometry X

disease/postoperative
patient

Comorbidity, age over 50 years Appropriate vaccinations X X
(pneumococcal, influenza)

Medications

Emergence of resistance Judicious use of antibiotics X X
Stress bleeding prophylaxis Use of sucralfate vs. histamine-2 X

receptor blockers for stress
bleeding prophylaxis

Infection control

Cross-infection Proper isolation handwashing, and X X
use of barriers

Spread of multidrug-resistant Use of barrier precautions X X
Gram-negative bacilli and methicillin-
resistant Staphylococcus aureus

Environmental risk Use of appropriate air filtration for X X
factors high-risk patients to prevent

aspergillosis

Devices

Aspiration of subglottic secretions Maintain adequate cuff pressure X
around the endotracheal tube

Reflux of circuit condensate Use heat-moisture exchanger; drain X
condensate away from patient

Cross-infection Use aseptic technique and proper X X
disinfection or O2 sensors/monitors,
and resuscitation bags

Aspiration Verify feeding tube placement; manage X X
residuals
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nia have focused on mortality rate as the primary endpoint,
the use of other outcome measures (such as quality-of-life
measures, hospital costs, antibiotic days, days of mechani-
cal ventilation, hospital days, and length of convalescence)
should be considered. New data are needed regarding the
cost effectiveness of specific clinical strategies for diagnosis,
treatment, and prevention of HAP.

KEY POINTS

■ Despite an increased understanding of the pathogenesis
of pneumonia, HAP continues to occur at disturbing
rates and is associated with significant morbidity and
mortality.

■ The use of quantitiative sputum cultures increases the
specificity of diagnosis for ventilator-associated pneu-
monia (VAP) and may reduce antibiotic use and im-
prove patient outcomes, but is not widely available.

■ Initial effective therapy of HAP should be based on
the stratification of patients by severity of disease, time
of onset, and the presence of risk factors for MDR
pathogens that necessitate broader empiric antibiotic
coverage.

■ Early institution of broad-spectrum appropriate antibi-
otic therapy targeted to all suspected pathogens de-
creases mortality and morbidity.

■ Antibiotic therapy should be streamlined or de-escalated
based on the identification and antibiotic sensitivity of
the pathogens isolated and the clinical response of the
patient.

■ The duration of antibiotic therapy for patients with un-
complicated HAP who respond to treatment should be
seven days.

■ Patients who do not respond to initial therapy, or have
evidence of progressive disease, should have a prompt
infectious disease or pulmonary consultation to reassess
the diagnosis and the need for further diagnostic studies
or additional therapy.

■ Short-term and long-term prevention strategies for HAP
and the emergence and spread of MDR pathogens are
strongly recommended to reduce patient mortality, mor-
bidity, and health care costs.

REFERENCES

1. Craven DE, Palladino R, McQuillen DP. Healthcare-associated
pneumonia in adults: management principles to improve out-
comes. Infect Dis Clin North Am 2004;18:939–962.

2. Weinstein R, CDC/HICPAC. Guideline for prevention of health
care–associated pneumonia, 2004. Infect Control Hosp Epidemiol In
press, 2005.

3. The American Thoracic Society and Infectious Diseases Society of
America. Guidelines for the management of adults with hospital-
acquired, ventilator-associated, and healthcare-associated pneu-
monia. Am J Respir Crit Care Med 2005;171: in press.

4. Fagon J-Y, Chastre J, Wolff M, et al. Invasive and noninvasive strate-
gies for management of suspected ventilator-associated pneumo-
nia: a randomized trial. Ann Intern Med 2000;132:621–630.

5. Chastre J, Fagon JY. Ventilator-associated pneumonia. Am J Respir
Crit Care Med 2002;165:867–903.

6. Sanchez-Nieto JM, Torres A, Garcia-Cordoba F, et al. Impact of in-
vasive and noninvasive quantitative culture sampling on outcome
of ventilator-associated pneumonia: a pilot study [published erra-
tum appears in Am J Respir Crit Care Med 1998 Mar;157:1005]. Am
J Respir Crit Care Med 1998;157:371–376.

7. Pugin J, Auckenthaler R, Mili N, et al. Diagnosis of ventilator as-
sociated pneumonia by bacteriologic analysis of bronchoscopic
and nonbronchoscopic blind bronchoalveolar lavage fluid. Am
Rev Respir Dis 1988;138:117–120.

8. Singh N, Rogers P, Atwood CW, et al. Short-course empiric an-
tibiotic therapy for patients with pulmonary infiltrates in the in-
tensive care unit: a proposed solution for indiscriminate antibi-
otic prescription. Am J Respir Crit Care Med 2000;162:505–511.

9. Luna CM, Blanzaco D, NiedermanMS, et al. Resolution of ventila-
tor-associated pneumonia: prospective evaluation of the clinical
pulmonary infection score as an early clinical predictor or out-
come. Crit Care Med 2003;31:576–582.

10. Wunderink RG, Rello J, Cammarata SK, et al. Linezolid vs Van-
comycin: analysis of two double-blind studies of patients with
methicillin-resistant Staphylococcus aureus nosocomial pneumo-
nia. Chest 2003;124:1789–1797.

11. Kollef MH. Prevention of ventilator-associated pneumonia. N
Engl J Med 1999;340:627–634.

12. Chastre J, Wolff M, Fagon JY, et al. Comparison of 8 vs 15 days of
antibiotic therapy for ventilator-associated pneumonia in adults:
a randomized trial. JAMA 2003;290:2588–2598.

ADDITIONAL READING

Cook DJ, Kollef MH. Risk factors for ICU-acquired pneumonia. JAMA
1998;279:1605–1606.

De Rosa FG, Craven DE. Management of nosocomial pneumonia. In-
fections in Medicine 2003;20:248–258.

Kollef MH. Inadequate antimicrobial treatment: an important deter-
minant of outcome for hospitalized patients. Clin Infect Dis 2000;
31:S131–138.

McEachern R, Campbell GD Jr. Hospital-acquired pneumonia: epi-
demiology, etiology, and treatment. Infect Dis Clin North Am 1998;
12:761–779.

Chapter 66: Hospital-Acquired Pneumonia 653

26410 ch 066  3/12/05  3:18 PM  Page 653



26410 ch 066  3/12/05  3:18 PM  Page 654



Tuberculosis
Charles L. Daley Philip C. Hopewell

INTRODUCTION

Despite the decline in tuberculosis cases in the United
States, tuberculosis continues to be a common reason
for admission in many hospitals. Hospitalization may
be necessary because of the disease’s severe effects, for
invasive diagnostic tests when tuberculosis is suspected
but not proven, or for initiation of potentially toxic
treatment regimens in patients with tuberculosis caused
by multidrug-resistant organisms. Tuberculosis may also
be diagnosed in patients who are hospitalized for other
diseases, such as HIV disease, chronic renal failure, or
another immunosuppressive condition. In addition to
the considerations that apply to individual patients with
or suspected of having this disease, tuberculosis in the
hospital setting raises important issues of infection con-
trol. Consequently, the disease has implications for the
hospital environment and health care worker safety, as
well as for specific patients. Because of the need for
rapid diagnosis of tuberculosis in hospitalized patients,
there are also important implications for the microbiology
laboratory.

This discussion will focus on management of the hos-
pitalized patient with known or suspected tuberculosis.
However, the separation of inpatient from outpatient
management is artificial, and the care of patients with tu-
berculosis must be provided as a coordinated continuum
in order to ensure that therapy is completed successfully.
Additionally, there must be communication and coordi-
nation with local public health tuberculosis control pro-
grams. In many areas such programs provide ongoing pa-
tient care following hospital discharge. In addition,
tuberculosis control personnel conduct epidemiologic in-
vestigations centered on each newly reported case.
Promptly notifying the tuberculosis control program of a
newly identified case will expedite the investigation of
contacts and minimize the effects of secondary spread of
mycobacterium tuberculosis.

TUBERCULOSIS IN NON-HIV-INFECTED
PATIENTS

Issues at the Time of Admission

Clinical and Radiographic Presentation

The clinical presentation of tuberculosis varies greatly
depending on a number of factors, including the site of
involvement, extent of disease, and immunocompetence
of the host. Most people with tuberculosis present with a
subacute or chronic illness with symptoms that have been
present for several weeks to months. Although it is tradi-
tionally taught that patients with pulmonary tuberculosis
present with cough, fever, night sweats, weight loss, and,
occasionally, hemoptysis, a recent study found that only
52% of patients had a cough at the time of diagnosis (1). Ex-
trapulmonary manifestations of disease depend on the site
of involvement. For example, tuberculous meningitis may
present with headache and altered mental status, whereas
tuberculous lymphadenitis presents with local swelling of
lymph nodes, usually in the neck. Fifteen to 20% of patients
with pulmonary tuberculosis will be asymptomatic at the
time of diagnosis. Thus, a high index of suspicion should be
maintained in high-risk populations.

The characteristic radiographic findings of tuberculosis
vary depending on the underlying pathogenetic mecha-
nism of disease. Patients who present with post-primary or
reactivation disease usually have upper lobe radiographic
opacities, often with cavitation. The most commonly in-
volved lung segments include the apical and posterior seg-
ments of the right upper lobe and apical-posterior segment
of the left upper lobe. Reactivation tuberculosis in im-
munocompetent adults does not typically cause intratho-
racic lymphadenopathy. In primary tuberculosis, the chest
radiograph may demonstrate lower lung zone opacities,
usually without cavitation, and in some cases with associ-
ated intrathoracic lymphadenopathy. Miliary tuberculosis,
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characterized radiographically by diffuse small nodules,
can occur with either primary or post-primary disease.
Similarly, pleural effusions may occur with primary or
post-primary disease, and the effusion may occur with or
without evidence of pulmonary parenchymal disease.

Differential Diagnosis and Initial Evaluation

People suspected of having tuberculosis, based on clinical
signs and symptoms, should have a chest radiograph per-
formed. If the findings on the chest radiograph are consistent
with tuberculosis and/or the patient has respiratory symp-
toms, three consecutive morning sputum specimens should
be obtained for microscopic examination for the presence of
acid fast bacilli (AFB) and mycobacterial culture. If the pa-
tient is unable to produce sputum spontaneously, sputum
induction should be performed using ultrasonic nebuliza-
tion of hypertonic saline. The sensitivity of AFB sputum
smears is approximately 50%, although in some studies
more than 70% of patients with pulmonary tuberculosis
have had positive smears (2). Among patients with pul-
monary tuberculosis, the sensitivity of mycobacterial cul-
tures is around 80%–85%. The yields of sputum microscopy
and culture increase in patients with cavitary disease.

Mycobacterial cultures may require days-to-weeks to be-
come positive, depending on the method used. With liquid
culture systems, growth can be detected within one or two
weeks depending on the number of bacilli in the specimen.
The combination of liquid culture systems and specific nu-
cleic acid probes can enable species identification within
two weeks. Drug susceptibility tests should be performed
for the first-line agents on all initial isolates of M. tuberculo-
sis. Regardless of the culture method used, decisions regard-
ing treatment and further diagnostic testing must be made
early in the course of the evaluation, without the benefit of
drug susceptibility results. Antituberculosis therapy should
be started when the clinical suspicion of disease is high,
even if the sputum specimens are AFB smear-negative.

Two direct nucleic acid amplification tests (Amplicor,
Roche and MTD, Genprobe) have been approved by the
FDA for use in AFB smear-positive specimens. Additionally,
the MTD test is approved for use in smear-negative speci-
mens. Studies have demonstrated positive predictive values
for direct amplification tests in AFB smear-positive speci-
mens of approximately 100%, and negative predictive val-
ues of 86%–90% (3). However, the predictive values vary
depending on the prevalence of disease in the population
studied. When using the tests on smear-negative speci-
mens, the results should be interpreted with caution
because the positive predictive value will be low when the
clinical suspicion for active tuberculosis is low (Chapter 6).
On the other hand, when the clinical suspicion is high, the
positive predictive value remains high, even when used
with smear-negative specimens.

Fiberoptic bronchoscopy with transbronchial biopsy has
been reported to yield a rapid diagnosis in 48% of suspected

tuberculosis cases who have negative sputum smears for
AFB (4). In this study, transbronchial biopsy provided the
only specimens in which AFB were seen on stained speci-
mens in 26% of the cases, although it did not increase the
yield of culture. It is important to note that 60%–90% of
pre-bronchoscopy sputum specimens eventually yield pos-
itive culture results. Therefore, unless a rapid diagnosis is
needed, bronchoalveolar lavage with transbronchial
biopsy is usually not necessary in the diagnostic evaluation
of persons suspected of having pulmonary tuberculosis. If
bronchoscopy is undertaken, transbronchial biopsies
should be performed and post-bronchoscopy sputum
specimens should be obtained because 35%–70% of post-
bronchoscopy specimens will yield positive cultures. In
the evaluation of miliary disease, if the initial sputum
smears are negative, fiberoptic bronchoscopy with trans-
bronchial biopsy should be performed to exclude other
diseases such as fungal infections and malignancies, which
can produce a miliary pattern on the chest radiograph
(Chapter 63). In all instances, both bronchoalveolar lavage
fluid and biopsy tissue should be cultured for mycobacteria
and fungi.

The benefits of a rapid diagnosis provided by bron-
choscopy must be weighed against the risk and costs of the
invasive procedure as well as the potential exposure to
health care workers. The authors favor empiric therapy over
bronchoscopy in HIV-uninfected individuals in whom
there is a moderate-to-high prior probability of tuberculo-
sis, unless a malignancy or other disease is suspected. In
San Francisco, of patients with suspected tuberculosis who
were smear-negative and who were started on empiric ther-
apy, approximately 50% were eventually found to have tu-
berculosis (5).

People with suspected extrapulmonary tuberculosis
should have appropriate tissue and/or fluids obtained for
AFB smear and culture. Patients with suspected tuberculous
meningitis should have a lumbar puncture performed.
Findings in the cerebrospinal fluid (CSF) that are consis-
tent with tuberculosis include high protein concentration,
low glucose concentration, and lymphocytic pleocytosis
(2). AFB smears are positive in 10%–20% of cases and cul-
tures are positive in 55%–80%, depending on whether or
not multiple specimens are obtained.

Pleuritis with effusion is a common extrapulmonary
manifestation of tuberculosis (Chapter 60). Findings in
the pleural fluid that are consistent with tuberculosis
include a lymphocytic exudate, often with a low glucose
concentration. AFB smears of the pleural fluid are rarely
positive, except in the setting of tuberculous empyema, and
M. tuberculosis is isolated by culture in only 20%–35% of
patients with proved pleural tuberculosis. Sputum cultures
may be positive in 5%–40% of cases (6). The yield can be
increased by performing a pleural biopsy, usually done un-
der direct visualization. The combination of pleural tissue
histopathology and culture is diagnostic of tuberculosis in
approximately 90% of cases.
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Neither the clinical presentation nor the radiographic
manifestations of tuberculosis are specific for the disease.
Other infectious diseases, such as bacterial pneumonias,
Pneumocystis carinii (now renamed as Pneumocystis jirovecii),
and other fungal pathogens, may be associated with an up-
per lobe radiographic infiltrates. Noninfectious causes of
upper lobe densities include sarcoidosis, hypersensitivity
pneumonitis, and ankylosing spondylitis. Ipsilateral hilar
enlargement may occur in the setting of primary tuberculo-
sis, but this finding in adults is highly suspicious for a ma-
lignancy, as is a mass-like lesion (Chapter 61).

Indications for Hospital Admission

Most people who have or are suspected of having tubercu-
losis can be treated effectively in the outpatient setting.
Some patients, however, will require hospitalization be-
cause of the severity of their illness or for social reasons.
Medical indications for hospitalization include severe
extrapulmonary disease, pulmonary disease with respira-
tory compromise or hemoptysis, or, occasionally, a need for
further diagnostic tests. Social indications usually relate to
the potential for transmitting the infection to others with
whom the patient may come in contact. Effective therapy,
especially given under direct observation, rapidly reduces
infectiousness, thereby decreasing or eliminating the need
for hospitalization for isolation. Occasionally, patients with
tuberculosis caused by multidrug-resistant organisms will
require hospitalization for initiation of a treatment regimen
that includes toxic or intravenously administered agents.

Infection Control

Patients with suspected pulmonary and/or laryngeal tuber-
culosis should be placed in respiratory isolation immedi-
ately. Once in isolation, it is important for the patient to
remain in the room as much as possible. When the patient
leaves the room, he/she should wear an unfitted surgical
mask in order to minimize potential transmission of 
M. tuberculosis to others in the environment. Health care
workers entering the room should wear a N95 respirator.
Hospitalized patients with proven tuberculosis should
remain in respiratory isolation until three consecutive AFB
smears are negative and there has been clinical improvement
with antituberculosis therapy (7). Patients who have smear-
negative tuberculosis also pose some risk of transmission, al-
though the risk is less than that in smear-positive cases.
Smear-negative patients who have a high probability of
tuberculosis should also be kept in isolation for several days
or until an effective treatment regimen has been established.

Early identification and isolation of patients at high risk
for tuberculosis is very important in preventing nosocomial
transmission of M. tuberculosis. Unfortunately, the ability to
quickly identify those patients who have tuberculosis is rel-
atively poor, and thus the use of isolation rooms is gener-
ally inefficient. In one study, isolation of all patients with

suspected tuberculosis would have resulted in a 92-fold
overuse of isolation rooms (8). In a study examining the
prediction of pulmonary tuberculosis, predictor variables
were upper zone infiltrates on chest radiograph, a history of
fever or weight loss, and low CD4 lymphocyte count (9).
Using these predictors, the investigators developed a model
that had a sensitivity of 100%, a specificity of 48%, and a
negative predictive value of 100%. The investigators esti-
mated that applying their model could have reduced the
number of patients requiring isolation by more than 40%
without increasing the risk of transmission. This model and
others will need to be validated in other areas with differ-
ent patient populations and prevalences of tuberculosis be-
fore they can be utilized routinely.

Because of the importance of rapid and accurate diag-
nosis of tuberculosis—both for the benefit of the patient
and for efficient infection control—it is essential that hos-
pitals have rapid access to high-quality mycobacteriology
services, ether on-site or through arrangements with off-site
facilities. The industry standard for return of AFB smear re-
sults is no longer than 24 hours. The time required for
definitive identification of M. tuberculosis varies depending
on the methods used, but most acute care hospitals should
at least be using a liquid culture system to increase the
speed of identification. Tests for speciation of any my-
cobacterium that is isolated and other tests for drug sus-
ceptibility can be referred to more specialized laboratories.

Initial Therapy

Individuals with suspected tuberculosis should be given a
multidrug regimen as soon as possible to prevent the trans-
mission of M. tuberculosis. There are four basic treatment
regimens for adults (Table 67.1) (10). Each regimen has an
initial phase of two months followed by a continuation
phase of 4–7 months. The minimally acceptable duration
of therapy for patients with culture-positive tuberculosis is
6 months. The initial phase of therapy should consist of a
2-month period of isoniazid, rifampin, pyrazinamide, and
ethambutol. Once the patient has been determined to have
tuberculosis caused by drug-susceptible organisms, etham-
butol can be discontinued. The continuation phase of ther-
apy should consist of isoniazid and rifampin given for 4
months. With appropriate dose adjustments (Table 67.2),
the continuation phase can be given daily, or two or three
times a week. Patients who are HIV-negative, have no evi-
dence of cavitation on a chest radiograph, and who have
negative smears after 2 months of therapy, can be treated
with once weekly isoniazid and rifapentine in the continu-
ation phase. However, if the patient has cavitation evident
on a chest radiograph and a positive smear after 2 months
of therapy, the once-weekly regimen is not recommended.

In patients who are suspected of having multidrug-
resistant tuberculosis, six or more antituberculosis drugs
may be appropriate for initial therapy. The composition and
duration of regimens for patients with drug-resistant organ-
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isms must be tailored individually, based on known or pre-
sumed drug susceptibility and the history of prior therapy.

Nine-month regimens using isoniazid and rifampin are
also effective. As with 6-month regimens, ethambutol
should be included in the initial phase of therapy. Shorter
treatment regimens may be used in patients with sputum
AFB smear-negative and culture-negative pulmonary tuber-
culosis. Four months of isoniazid and rifampin, preferably
along with pyrazinamide for the first two months, is as suc-
cessful as longer treatment regimens.

The most frequent cause of treatment failure or relapse
is non-adherence to the treatment regimen. Therefore, all
hospitalized patients should be treated with directly ob-
served therapy (DOT). Arrangements should be made prior
to discharge to continue DOT. Additionally, combination
tablets such as Rifamate (isoniazid and rifampin) and Ri-
fater (isoniazid, rifampin, and pyrazinamide) should be
used whenever possible.

Treatment in Special Circumstances

Pregnancy
Antituberculosis therapy should not be withheld from
pregnant women who are suspected of having tuberculosis
because untreated tuberculosis represents a greater risk to
the mother and fetus than does treatment itself. Anti-
tuberculosis therapy should be initiated in pregnant 
women who have a moderate to high suspicion of tuber-
culosis. Many clinicians do not start pyrazinamide in preg-
nant women because of the lack of teratogenicity data
related to the drug. However, the World Health Organ-
ization and the International Union Against Tuberculosis
and Lung Disease recommend its use, and in most
countries, pyrazinamide is used during pregnancy (10). If
pyrazinamide is not used in the initial phase of treatment,
the duration of therapy must be increased from 6 to 9
months.

658 Section VII: Infectious Disease

TABLE 67.1
DRUG REGIMENS FOR CULTURE-POSITIVE PULMONARY TUBERCULOSIS CAUSED BY 
DRUG-SUSCEPTIBLE ORGANISMS

Initial Phase Continuation Phase

Interval and Interval and 
dosesc dosescd

Ratinga

(minimum (minimum
(Evidenceb)

Regimen Drugs duration) Regimen Drugs duration) HIV � HIV �

1 INH Daily for 56 doses 1a INH/RIF Daily for 126 doses
RIF (8 wk) (18 wk) A (1) A (II)
PZA
EMB

1b INH/RIF 2 times weekly for A (I) A (II)e

36 doses (18 wk)
1cf INH/RPT 1 time weekly for B (I) E (I)

18 doses (18 wk)
2 INH Daily for 14 doses 2a INH/RIF 2 times weekly for A (II) B (II)e

RIF (2 wk) and then 36 doses (18 wk)
PZA 2 times/wk for 2bf INH/RPT 1 time weekly for B (I) E (I)
EMB 12 doses (6 wk) 18 doses (18 wk)

3 INH 3 times/wk 24 doses 3a INH/RIF 3 times weekly for B (I) B (II)
RIF (8 wk) 54 doses (18 wk)
PZA
EMB

4 INH Daily for 56 doses 4a INH/RIF Daily for 217 doses C (I) C (II)
RIF (8 wk) (31 wk)
EMB 4b INH/RIF 2 times weekly for C (I) C (II)

62 doses (31 wk)

EMB, ethambutol; INH, isoniazid; PZA, pyrazinamide; RIF, rifampin; RPT, rifapentine.
a Definitions of ratings: A � preferred, B � acceptable alternative, C � offer when A and B cannot be given, E � should never be given.
b Definitions of ratings: I � randomized clinical trial, II � data from clinical trials that were not randomized or were conducted in other populations,
III � expert opinion.
c When DOT is used, drugs may be given 5 days/week and doses adjusted accordingly. Five day a week dosing is rated AIII.
d Patients with cavitation on the initial chest radiograph and positive cultures at completion of 2 months of therapy should receive a 7-month
continuation phase.
e Not recommended for HIV-infected patients with CD4 cell counts �100 cells/�l.
f Options 1c and 2b should be used only with HIV-negative patients who have negative sputum smears at the time of completion of 2 months of
therapy and who do not have cavitation on initial chest radiograph (see text). For patients started on this regimen and found to have a positive
culture from the 2-month specimen, treatment should be extended an extra 3 months.
Source: Treatment of Tuberculosis. Morbidity and Mortality Weekly Report 2003;52:1–77.
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Renal Failure. Some antituberculosis medications are
cleared by the kidneys, and some are removed via
hemodialysis. Of the first-line antituberculosis drugs, only
pyrazinamide and ethambutol are cleared significantly by
the kidneys, and thus alterations in dosing may be required
in patients with renal insufficiency and those with end-
stage renal disease who are receiving hemodialysis (10).
Ethambutol and pyrazinamide should be given in standard
daily doses but given intermittently, generally three times a
week after hemodialysis. Only pyrazinamide (and its
metabolites) is cleared to any significant degree
by hemodialysis, but if the drug is given after hemodialysis,
supplemental dosing is not required. Isoniazid and ri-
fampin are metabolized by the liver and are not removed
via hemodialysis, so no dosage adjustments are necessary.
Although pyrazinamide can be used in patients with re-
nal failure, it increases the hyperuricemia that is common
in such patients. It is important to monitor blood levels
of ethambutol and the aminogylycoside/polypeptide
antituberculosis drugs when they are being given to pa-
tients with renal insufficiency and those receiving
hemodialysis.

Hepatic Disease. Most patients with underlying chronic
liver disease will tolerate the standard antituberculosis
treatment regimen, despite the fact that isoniazid, ri-
fampin, and pyrazinamide are hepatotoxic (Table 67.2). If
the serum aminotransferase levels are more than five times
the upper limit of normal at baseline, a non-hepatoxic reg-
imen should be initiated. One such regimen consists of
ethambutol, streptomycin, cycloserine, and a fluoro-
quinolone. If and when the liver function tests return to
normal, the standard regimen can be attempted as long as
there is close monitoring of liver function tests. If the
provider would prefer to use only two hepatotoxic medica-
tions instead of three, pyrazinamide can be withheld. This
change in the initial treatment regimen will result in no loss
of efficacy as long as the duration of therapy is increased to
9 months. A rifamycin should be used in all regimens un-
less there is a strong contraindication.

Drug Interactions. Several of the antituberculosis drugs
are known to interact with other medications (10). The in-
teraction of isoniazid and phenytoin increases the serum
concentration of both drugs. When given together, the
serum level of phenytoin should be monitored carefully
and the dosage adjusted as necessary. Rifampin is a potent
inducer of the hepatic cytochrome P450 enzyme system and
may accelerate the clearance of drugs such as methadone,
coumadin, glucocorticoids, estrogen, oral hypoglycemic
agents, digitoxin, antiarrythmic agents, anticonvulsants, ke-
toconazole, theophylline, and cyclosporine. Rifabutin is a
less potent inducer of the hepatic cytochrome enzyme sys-
tem; thus, it may be used in circumstances where rifampin
cannot be used.

Concurrent use of fluoroquinolones with theophylline
may prolong the half-life of theophylline. Antacids with

aluminum, magnesium, or calcium and ferrous sulfate may
interfere with the absorption of quinolones. Cycloserine
interferes with the elimination of phenytoin, particularly
when taken with isoniazid. Thus, the dose of phenytoin
should generally be reduced.

Extrapulmonary Tuberculosis. In general, the treatment
for extrapulmonary tuberculosis is the same as for pul-
monary disease. However, when tuberculosis involves the
central nervous system or bones and joints, a longer course
of therapy may be indicated (10). Additionally, surgery or
corticosteroids are more likely to be necessary in extrapul-
monary disease.

Because of the potential lethality of central nervous sys-
tem (CNS) tuberculosis and the severity of neurologic se-
quelae, antituberculosis therapy should begin immediately
whenever CNS tuberculosis is suspected. Isoniazid and
pyrazinamide penetrate the blood-brain barrier well, but
the aminoglycosides, rifampin, and, to some extent,
ethambutol penetrate well only in the setting of inflamed
meninges (10). Of the second-line agents, cycloserine and
ethionamide penetrate the meninges even in the absence of
inflammation. The continuation phase of therapy may be
extended from 6 to 12 months, depending on the severity
of illness and response to therapy. Adjunctive therapy with
corticosteroids is generally indicated in patients with CNS
involvement (see below). Monitoring the effectiveness of
therapy requires frequent, careful clinical neurologic as-
sessment and repeat examinations of spinal fluid.

Studies have demonstrated that bone and joint tubercu-
losis can be treated with 6- to 9-month regimens, although
in some cases, surgery may be necessary. Surgery should be
considered if there is instability of the bones, a large ileo-
psoas abscess is present, or the patient is not responding to
medical therapy. The success of therapy should be judged
by clinical and radiographic evaluations.

Other extrapulmonary sites of disease usually respond
well to short-course chemotherapy. Of note, with tubercu-
lous lymphadenitis, lymph nodes may enlarge, new nodes
may appear, and nodes may spontaneously drain and cre-
ate fistulas. These changes are seldom a sign of failure, but
represent a vigorous immunological reaction. Similarly,
pleural effusions may enlarge or even develop during the
early stages of therapy.

Management of Tuberculosis Caused by Drug-Resistant
Organisms. A detailed discussion of the management of
patients with tuberculosis caused by drug-resistant organ-
isms is beyond the scope of this text. However, there are a
few critical points regarding the care of these patients. First,
all patients who are suspected or known to have drug-
resistant tuberculosis should be treated by or in consulta-
tion with a specialist with experience in such situations. Sec-
ond, at least 3 drugs to which the organism is susceptible
should be used. Third, the clinical and bacteriologic
response to therapy may be delayed in patients with
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multidrug-resistant tuberculosis. Fourth, second-line agents
(Table 67.3) are associated with frequent side effects and,
thus, close monitoring is necessary. Fifth, although the op-
timum duration of treatment is not known, regimens must
be prolonged, generally to 18–24 months, depending on
the regimen and the severity of the disease. Finally, surgical
intervention may be indicated in some cases.

Adjunctive Therapy. Corticosteroids are indicated as ad-
junctive therapy in certain forms of tuberculosis. The ad-
ministration of corticosteroids in patients with tuberculous
meningitis reduces neurological sequelae and mortality. Ad-
junctive corticosteroid therapy is also used for documented
tuberculous pericarditis, where it has been shown to reduce
the size of the effusion, the need for drainage procedures,
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TABLE 67.2
DOSES AND ADVERSE DRUG REACTIONS FOR FIRST-LINE ANTITUBERCULOSIS DRUGS

Dose, in mg/kg (maximum dose)

Drugs Daily 1 time/wk 2 times/wk 3 times/wk Adverse reactions

Isoniazid 5 15 15 15 Hepatic enzyme elevation
(300 mg) (900 mg) (900 mg) (900 mg) Clinical hepatitis

Peripheral neuropathy
Central nervous system
Lupus-like reaction
Rash
Drug interactions

Rifampin 10 — 10 10 Gastrointestinal upset
(600 mg) (600 mg) (600 mg) Hepatitis

Hematologic problems
Flu-like symptoms
Rash
Orange discoloration of

bodily fluids
Drug interactions

Rifabutin 5 — 5 5 Gastrointestinal upset
(300 mg) (300 mg) (300 mg) Hepatitis

Hematologic problems
Flu-like symptoms
Rash
Uveitis
Orange discoloration of

bodily fluids
Drug interactions

Rifapentinea 10 mg/kg — — Gastrointestinal upset
(600 mg) Hepatitis

Hematologic problems
Flu-like symptoms
Rash
Orange discoloration of

bodily fluids
Drug interactions

Pyrazinamide 15–30 mg/kg — 35–50 mg/kg 30–40 mg/kg Hepatitis
(2 gm) (2 gm) (2 gm) Rash

Gastrointestinal upset
Transient morbilliform rash
Arthralgias
Hyperuricemia
Gout (rare)

Ethambutol 15–20 mg/kg — 40–50 mg/kg 20–35 mg/kg Optic neuritis
(1gm) (2.5 gm) (2.5 gm) Rash

Peripheral neuropathy (rare)

a Rifapentine should only be used in the continuation phase of therapy.
From American Thoracic Society/Centers for Disease Control and Prevention/Infectious Diseases Society of America. Treatment of tuberculosis.
Morbidity and Mortality Weekly Report 2003;52:1–77.
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and mortality. On occasion, corticosteroid treatment may be
used in the setting of tuberculous pleuritis to speed the reso-
lution of pain, fever, and the effusion itself. However, corti-
costeroid treatment does not reduce the likelihood of pleu-
ral fibrosis with consequent lung restriction. Patients with
pulmonary tuberculosis resulting in respiratory failure may
receive some acute benefit from corticosteroid treatment, al-
though no long-term benefits have been demonstrated.

The vast majority of patients with pulmonary tuberculo-
sis caused by drug-susceptible organisms will respond to a
6-month treatment regimen. However, in patients with
underlying multidrug-resistant disease, the response rate
is much lower and, in some cases, surgery may be neces-
sary. In patients who have localized multidrug-resistant

tuberculosis and adequate pulmonary reserve, where a
poor outcome is anticipated on medical therapy alone,
surgical resection may offer some benefit. Surgery (or an in-
terventional radiographic procedure) may also be neces-
sary in patients with severe hemoptysis associated with
either active tuberculosis or the residual of previous disease
(“Rasmussen’s Aneurysm”).

Indications for Early Consultation

Clinicians should seek expert consultation in managing any
patient who has severe pulmonary or extrapulmonary tuber-
culosis. Additionally, all patients with tuberculosis caused by
drug-resistant organisms, particularly multidrug-resistance,
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TABLE 67.3
DOSES AND ADVERSE DRUG REACTIONS FOR SECOND-LINE ANTITUBERCULOSIS DRUGS

Daily dose
Drugs (maximum dose) Adverse reactions Monitoring Comments

Streptomycin 15–30 mg/kg (1 g) Hearing loss Vestibular/hearing function After bacteriologic conversion, 
Vestibular dysfunction Measure BUN and creatinine may switch to intermittent 
Renal toxicity dosinga

Amikacin 15–30 mg/kg (1 g) Hearing loss Vestibular/hearing function After bacteriologic conversion, 
Vestibular dysfunction Measure BUN and creatinine may switch to intermittent 
Renal toxicity dosinga

Kanamycin 15–30 mg/kg (1 g) Hearing loss Vestibular/hearing function After bacteriologic conversion, 
Vestibular dysfunction Measure BUN and creatinine may switch to intermittent 
Renal toxicity dosinga

Capreomycin 15–30 mg/kg (1 g) Hearing loss Vestibular/hearing function After bacteriologic conversion, 
Vestibular dysfunction Measure BUN and creatinine may switch to intermittent 
Renal toxicity dosinga

Ethionamide 15–20 mg/kg (1 g) Gastrointestinal upset Measure hepatic enzymes Start with low dose and 
Metallic taste increase as tolerated
Hepatotoxicity May cause hypothyroidism, 
Hypersensitivity especially if used with PAS

Para- 150 mg/kg (12 gm) Gastrointestinal upset Measure hepatic enzymes Start with low dose and 
aminosalicylic Hypersensitivity Assess volume status increase as tolerated
acid (PAS) Hepatotoxicity Monitor cardiac patients for 

Sodium load sodium load
Cycloserine 10–15 mg/kg (1 g) Psychosis Assess mental status Start with low dosage and 

Seizures Measure serum drug increase as tolerated
Depresssion concentrations Pyridoxine may decrease 

central nervous system effects
Levofloxacin 500–1000 mg Gastrointestinal upset Clinical Avoid antacids, zinc, iron, 

Headaches sucralfate. Do not use in 
Hypersensitivity patients taking drugs that 
Restlessness prolong the QT interval.

Moxifloxacin 400 mg Gastrointestinal upset Clinical Avoid antacids, zinc, iron, 
Headaches sucralfate. Do not use in 
Hypersensitivity patients taking drugs that 
Restlessness prolong the QT interval.

Gatifloxacin 400 mg Gastrointestinal upset Clinical Avoid antacids, zinc, iron, 
Headaches sucralfate. Do not use in 
Hypersensitivity patients taking drugs that 
Restlessness prolong the QT interval.

a Twice weekly dosing, 15–30 mg (1.5 g); three times weekly, 15–30 mg (1.5 g)
From American Thoracic Society/Centers for Disease Control and Prevention/Infectious Diseases Society of America. Treatment of tuberculosis.
Morbidity and Mortality Weekly Report 2003;52:1–77.
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should receive expert consultation. Patients who develop
drug toxicity or who are not responding to medical therapy
may require a change in therapeutic regimen. These deci-
sions are often complicated and may alter the overall dura-
tion of therapy and efficacy of the regimen. Consequently,
an expert should be consulted before any change in therapy.

Issues During the Course of Hospitalization

Patients who have begun antituberculosis therapy must be
monitored closely for evidence of drug toxicity and for re-
sponse to therapy. The most common toxicities associated
with the first- and second-line agents are described in Tables
67.2 and 67.3. Baseline measurements of serum amino-
transferases, total bilirubin, alkaline phosphatase, serum
creatinine and glucose, complete blood count with differ-
ential cell count and platelet count should be obtained for
all patients. Patients receiving ethambutol should have
baseline measurements of visual acuity and red/green color
discrimination, and patients receiving pyrazinamide
should have a measurement of serum uric acid. Repeat lab-
oratory measurements should be made if there are abnor-
mal baseline values or indications of possible toxicity.

Patients should also be monitored for clinical and bacte-
riologic improvement. Most patients will be afebrile within
2 weeks of initiation of therapy. However, patients with
extensive tuberculosis may have prolonged fever despite ad-
equate therapy. Repeat sputum specimens should be ob-
tained at weekly intervals in patients whose initial AFB
smears are positive in order to judge the response to ther-
apy. Cultures should be obtained at 1-month intervals un-
til specimens for 2 consecutive months have been negative.

Approximately 85%–90% of patients being treated with
an isoniazid- and rifampin-containing regimen will be cul-
ture-negative by 2–3 months (10). For patients who do not
convert the sputum AFB cultures to negative by 2 months of
treatment and who have evidence of cavitation on a chest
radiograph, the continuation phase of therapy should be
extended from 4 to 7 months in order to complete a total of
9 months of therapy. In addition, the patient’s adherence to
the treatment regimen should be questioned and measure-
ment of serum drug levels considered. Repeat drug suscep-
tibility testing should be performed if the cultures are still
positive after 3 months of therapy. If the patient is clinically
deteriorating, two new drugs should be added to the treat-
ment regimen, preferably drugs that the patient has never
taken. If the patient is clinically stable, the clinician may
wait for the results of drug susceptibility testing before
changing the treatment regimen.

Discharge Issues

Most patients with tuberculosis may be discharged when
their clinical condition allows or when it is determined that
they are no longer infectious. The local department of

public health (DPH) should be notified before discharge so
that plans can be made for outpatient therapy including
DOT. In addition, in some areas the public health depart-
ment may be able to provide housing and other incentives
to encourage adherence with therapy.

Patients who are discharged to their home while still
considered infectious should be asked to limit their contact
with others. If they must leave their residence, they should
be instructed to wear a mask and cover their mouth when
coughing.

TUBERCULOSIS IN HIV-INFECTED
PATIENTS

Issues at the Time of Admission

Clinical Presentation

The clinical manifestations of tuberculosis in HIV-infected
patients will vary depending on the level of immuno-
suppression. As the CD4 lymphocyte count decreases,
extrapulmonary disease and atypical findings on chest ra-
diographs are increasingly likely. Early in the course of HIV
disease, the findings on chest radiographs are not different
from typical post-primary disease. However, as the CD4
lymphocyte count decreases, the chest radiograph is more
likely to be atypical, with lower zone opacities, absence of
cavitation, and the presence of intrathoracic lym-
phadenopathy, often mimicking primary tuberculosis.

Differential Diagnosis and Initial Evaluation

The variation in the clinical and radiographic presentation
of tuberculosis in the setting of HIV-infection described
above can result in a lowered clinical suspicion of tuber-
culosis. Therefore, clinicians should maintain a low
threshold for including tests designed to diagnose tuber-
culosis in HIV-infected individuals who have lung disease
and/or fever of unknown etiology. The initial diagnostic
approach, however, is the same as discussed above.
Fiberoptic bronchoscopy should be performed in HIV-in-
fected individuals whose sputum specimens, including
induced specimens, are AFB smear-negative and in whom
no other diagnosis has been identified. In one study,
bronchoscopy with transbronchial biopsy provided an
early diagnosis (positive AFB smear or granulomata on
biopsy) in 23 (34%) of 67 HIV-infected patients whose
AFB smears were negative or not available (7). Pre-
bronchoscopy sputum cultures were positive in 89% of
the subjects. Transbronchial biopsy provided the exclusive
means for an early diagnosis of tuberculosis in 10% of the
patients (11). Therefore, when an HIV-infected patient is
undergoing bronchoscopy as part of an evaluation for sus-
pected tuberculosis, a transbronchial biopsy should be
performed with bronchoalveolar lavage. Additionally,
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post-bronchoscopy sputum specimens should be ob-
tained for AFB smear and culture.

Nontuberculous mycobacteria (NTM) also are a com-
mon cause of disease in patients with advanced HIV
infection; the two most common are Mycobacterium avium
complex (MAC) and Mycobacterium kansasii. M. kansasii
may present with symptoms and findings exactly like those
caused by M. tuberculosis. MAC usually presents as a dis-
seminated disease in patients with CD4 lymphocyte counts
less than 50 cells/�L. However, MAC complex occasionally
causes focal pulmonary disease in patients with higher
CD4 lymphocyte counts.

The predictive value for M. tuberculosis using a positive
AFB sputum smear will vary depending on the relative
prevalence of the different mycobacterial species in a given
population. Individuals who have AFB seen on micro-
scopic examination of a respiratory specimen should be as-
sumed to have tuberculosis and treated accordingly until
the cultures are final and/or the species is identified. For pa-
tients in whom MAC is highly likely, azithromycin or clar-
ithromycin can be added to the standard antituberculosis
treatment regimen.

Indications for Admission and Isolation

In addition to the indications for admission noted earlier
for people who are not infected with HIV, all HIV-infected
patients with lung disease of unknown etiology should be
considered for admission to the hospital (Chapter 75). Be-
cause of the difficulty in distinguishing tuberculosis from
other opportunistic pathogens, clinicians should have a low
threshold for isolating HIV-infected patients with lung dis-
ease of unknown etiology. Although this practice is costly,
in some centers all HIV-infected patients with pulmonary
disease of unknown etiology are isolated until they are
demonstrated to have 3 negative AFB sputum smears.

Initial Therapy

Despite being immunocompromised, HIV-infected individ-
uals with tuberculosis respond well to regimens containing
isoniazid and rifampin. Thus, the current recommendations
are to begin the same antituberculosis regimens as used in
HIV-seronegative patients, with two exceptions (10). On the
basis of data demonstrating an increased frequency of
rifamycin resistance among patients having CD4 cell
counts �100/�L, it is recommended that patients with
�100 cells/�L be treated with daily or 3-times weekly ther-
apy in the continuation phase. Twice weekly therapy should
not be used in patients with CD4 counts �100 cells/�L.
Once weekly administration of isoniazid-rifapentine should
not be used in any HIV-infected patient.

Therapy should be initiated as soon as tuberculosis is
suspected because delays in treatment have been associated
with a high mortality (9). The duration of therapy for most

HIV-infected patients should be 6 months. However, when
breaks in therapy are frequent or prolonged, the duration
of therapy should be prolonged to nine months, particu-
larly in patients who are slow to respond to therapy. As
with HIV-negative patients, the duration of treatment
should be prolonged in patients who remain AFB smear-
positive after two months of therapy and who have cavita-
tion on a chest radiograph.

The treatment of tuberculosis in HIV-infected individu-
als is complicated by the frequency of drug interactions and
the possibility of paradoxical reactions. Highly effective an-
tiretroviral agents, such as the protease inhibitors (PIs) and
non-nucleoside reverse transcriptase inhibitors (NNRTIs)
have pharmacokinetic interactions with rifamycin deriva-
tives, such as rifampin, rifapentine, and rifabutin. The ri-
famycin derivatives (rifampin � rifapentine � rifabutin)
are inducers of the cytochrome P450 enzyme pathway. The
PIs and NNRTIs are metabolized via this pathway, so when
these drugs are given concurrently with a rifamycin, the
serum concentration is decreased, possibly to subtherapeu-
tic levels. To further complicate the situation, certain NNR-
TIs and PIs are inhibitors of the cytochrome P450 through
which rifabutin is metabolized. Consequently, serum con-
centrations of rifabutin will be increased, sometimes to
toxic levels. Fortunately, dosage adjustments in rifabutin
and/or the PIs and NNRTIs can enable safe and effective
dosing of each class of drug. The reader is referred to re-
views (12) of this subject and a new CDC website
(www.cdc.gov/nchstp/tb) and encouraged to obtain expert
consultation because of the complexity of some of the
dosage adjustments and the rapidly changing recommen-
dations in this area.

In some patients, suspected tuberculosis turns out to be
another mycobacterial infection such as M. kansasii or MAC.
The current recommendation for the treatment of pul-
monary disease caused by M. kansasii is the regimen of
isoniazid, rifampin (rifabutin), and ethambutol given daily
for 18 months, with at least 12 months of negative sputum
cultures (13). For patients who do not tolerate one of these
medications, clarithromycin or azithromycin are reason-
able alternatives. Disseminated MAC should be treated with
daily clarithromycin (500 mg twice a day) or azithromycin
(250–500 mg once a day), plus ethambutol (15
mg/kg/day). A third drug, preferably rifabutin, should be
added if possible (13). Therapy should be continued for life
unless immune resconstitution occurs as a consequence of
antiretroviral therapy. Secondary prophylaxis can be dis-
continued if the patient has received a completed course of
at least 12 months of treatment for MAC, is asymptomatic
with respect to MAC infection, and has a sustained increase
(e.g., over at least 6 months) in the CD4 lymphocyte count
to �100 cells/�L after antiretroviral therapy (14).

Clinicians should seek early expert consultation in the
evaluation of HIV-infected patients with new lung disease or
febrile illness. Invasive diagnostic procedures are much more
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likely to be necessary in the workup of HIV-infected patients
than in seronegative individuals. In addition, HIV-infected
patients, particularly those receiving antiretroviral therapy,
may not tolerate standard regimens, as described above.

Issues During the Course of Hospitalization

HIV-infected patients with tuberculosis should be followed
closely for signs of drug toxicity and for response to therapy.
Whether or not HIV-infected patients have an increased fre-
quency of side effects is not clear. However, because patients
with HIV infection are frequently taking many different
medications, the possibility of drug interactions is increased.

The HIV-infected patient should also be monitored care-
fully for signs of clinical and bacteriologic improvement.
Repeat sputum specimens should be obtained in persons
who have AFB smear-positive tuberculosis. Studies have
demonstrated that sputum conversion rates are similar, re-
gardless of HIV serostatus.

In some patients, clinical and/or radiographic findings
worsen during the course of therapy. This is referred to as a
“paradoxical reaction” and is thought to be the result of re-
constitution of immune responsiveness, owing to either
antiretroviral treatment or treatment of tuberculosis. Para-
doxical reactions have been reported in 6%–36% of HIV-
infected patients with tuberculosis, and the reactions
appear to be more common in patients receiving antiretro-
viral drugs. When the reaction is severe and life threatening,
corticosteroids are indicated.

Discharge Issues

It is very important to contact the local public health
department well in advance of discharge. Generally, HIV-
infected patients with tuberculosis should be treated with
DOT. Because many HIV-infected patients may be return-
ing to an institutional or congregate living facility, the rules
of each facility must be ascertained before discharge. Most
facilities require that patients have three consecutive nega-
tive AFB smears before returning.

COST CONSIDERATIONS AND
RESOURCE USE

Most patients with suspected tuberculosis do not require
hospitalization. The cost of treatment increases significantly
if the patient is hospitalized. In fact, inpatient treatment of
tuberculosis accounts for 60% of the total costs of tubercu-
losis treatment in the United States (15). If patients do not
require hospitalization for clinical reasons, preventing un-
necessary hospitalization would significantly reduce the
overall costs of treatment. Most patients, even those
with conditions likely to interfere with treatment compli-
ance, can be treated as outpatients using DOT. Thus,
hospitalization simply to ensure treatment is rarely neces-

sary. In persons who are hospitalized, enhanced ability to
predict who does or does not have tuberculosis (such as
with more rapid testing) would also save money by
preventing the unnecessary isolation of many patients.

KEY POINTS

■ The best way to prevent nosocomial transmission of tu-
berculosis is to not hospitalize patients unnecessarily.

■ When hospitalization is necessary, patients should be
isolated immediately and treatment begun as soon as
possible in cases in which the clinical suspicion is mod-
erate to high, even if the initial AFB smears are negative.

■ Patients with suspect pulmonary tuberculosis may be
safely removed from isolation after three negative AFB
smears have been obtained and the patient is improving
on therapy.

■ Suspected cases of tuberculosis should be reported
promptly to the local department of public health.

■ The current 6-month tuberculosis treatment regimen is
highly effective in both HIV-seronegative and seropositive
cases, particularly when given under direct supervision.

■ In HIV-infected individuals who are taking antiretroviral
regimens, the tuberculosis treatment and/or antiretrovi-
ral regimen may need to be modified. Expert consulta-
tion should be obtained.
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Urinary Tract Infection
Thomas M. Hooton

INTRODUCTION

Most urinary tract infections (UTIs) are diagnosed and
treated in the outpatient setting, but many patients with
community-acquired UTIs require hospitalization. More-
over, UTIs are the most common type of nosocomial 
infections in the United States, resulting in more than 1
million nosocomial UTIs annually, with urinary catheter-
associated infections accounting for 88% of the infections
(1). Catheter-associated bacteriuria is the most common
source of Gram-negative bacteremia in hospitalized 
patients. Asymptomatic bacteriuria occurs in up to 53% of
elderly women and 37% of elderly men who are institu-
tionalized.

UTIs in hospitalized patients are either community-
acquired or hospital-acquired and may be limited to the
lower urinary tract (cystitis, asymptomatic bacteriuria, or
prostatitis) or involve the upper urinary tract (including
pyelonephritis and renal or perirenal abscess). It is unusual
for patients with community-acquired cystitis or prostatitis
to require admission to the hospital. UTI in hospitalized
patients, therefore, generally consists of community-
acquired acute uncomplicated pyelonephritis in young
women, community-acquired complicated upper-tract in-
fection in patients with functional or anatomically abnor-
mal urinary tracts, and nosocomial lower or upper UTIs.
Nosocomial UTIs are considered (by definition) compli-
cated, and almost all occur in the setting of obstruction of
the urinary tract, vesicoureteral reflux, neurogenic bladder,
diabetes, or urologic instrumentation, especially urethral
catheterization. A complicated UTI is one that is associated
with a condition that increases the risk of treatment failure
or serious complications (Table 68.1).

The approach to hospitalized patients with UTI is gener-
ally to (a) obtain a urine specimen to confirm the presence
of pyuria, (b) make a definitive microbiologic diagnosis
and determine the antimicrobial susceptibility profile of
the causative uropathogen, (c) start empiric antibiotics, (d)
determine whether there are complicating factors that

might compromise antimicrobial management, (e) correct
such factors if deemed appropriate, and (f) observe the 
patient carefully on therapy. Escherichia coli is the most
common causative uropathogen, but the profile of
uropathogens causing complicated UTI, especially nosoco-
mial UTI, is broad (Table 68.2), and antimicrobial 
resistance is common. Resistance to commonly used 
antimicrobials appears to be increasing in prevalence even
in the setting of uncomplicated UTI (2). Therefore, empiric
therapy for a patient ill enough to be hospitalized should
be broad-spectrum. The usual duration of therapy is 
approximately 7–14 days, but therapy might be for a longer
or shorter period depending on the patient’s underlying
complicating factors, site of infection, and clinical 
response.

LOWER URINARY TRACT INFECTIONS
(CYSTITIS, PROSTATITIS,
ASYMPTOMATIC BACTERIURIA)

Issues at the Time of Diagnosis

Clinical Presentation

The presentation of hospitalized patients with UTI varies
according to the clinical setting. Cystitis, prostatitis, and
asymptomatic bacteriuria in the hospitalized patient are
likely to have been acquired during the patient’s hospital-
ization. Patients with community-acquired lower UTIs, on
the other hand, usually do not require hospitalization.
Patients with acute cystitis, whether community- or hospi-
tal-acquired, generally present with acute onset of dysuria,
frequency, urgency, or suprapubic pain in the absence of
fever or costovertebral angle tenderness. Symptoms and
signs of patients with UTI at the extremes of age or with
neurologic disease are often subtle and nonspecific and
may be limited to symptoms such as fatigue, irritability,
malaise, nausea, headache, abdominal or back pain, or
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other vague symptoms. Men with acute bacterial prostatitis
usually present with a UTI syndrome manifested by dy-
suria, frequency, urgency, obstructive voiding symptoms,
fever, chills, and myalgias. The prostate also is tender and
swollen. Asymptomatic bacteriuria, by definition (see later in
this chapter), occurs in the asymptomatic patient and is
detected by urine culture. Screening cultures for asymp-
tomatic bacteriuria are recommended only in selected
patients, as discussed below.

Differential Diagnosis and Initial Evaluation

The differential diagnosis for cystitis includes urethritis and
vaginitis, and for prostatitis includes cystitis and obstruc-
tive uropathy. The clinician usually is alerted to the urinary
tract as the source of the patient’s symptoms because of the
constellation of dysuria, frequency, and urgency in the
presence of pyuria. Pyuria often is present in a catheterized
patient and may lead the clinician to wrongly conclude that
UTI is the cause of the patient’s symptoms. Patients should
undergo a complete history, physical examination, and lab-
oratory evaluation to make sure that UTI is the correct
diagnosis and that other intra-abdominal or genitourinary
conditions are not present. A prostate examination is
recommended in men in whom the diagnosis of acute

prostatitis is being considered, but massage is contraindicated
because of the risk of precipitating bacteremia.

In patients with a suspected UTI, a urinalysis to look for
pyuria and hematuria should be performed. Pyuria is pre-
sent in almost all patients with acutely symptomatic UTI,
and the absence of pyuria suggests a diagnosis other than
UTI. Pyuria is not specific for UTI, however, especially in the
catheterized patient. Microscopic evaluation of the urine for
bacteriuria is an insensitive test, because pathogens in low
quantities (�104 colonies per milliliter) are difficult to find
on the wet mount or Gram stain, even on a spun specimen.
A urine Gram stain may be particularly useful because dis-
tinction between Gram-positive and Gram-negative infec-
tions can influence empiric therapy. The presence of hema-
turia should be assessed in the noncatheterized patient
because it is frequently present in persons with UTI but not
in persons with urethritis or vaginitis.

Urine cultures and antimicrobial susceptibility testing of
uropathogens should be performed routinely in all hospi-
talized patients with suspected UTI. The definitive diagno-
sis of UTI is made in the presence of significant bacteriuria,
generally defined as more than 105 uropathogens per
milliliter of voided midstream urine. Several recent studies
have shown that this is an insensitive standard if applied to
patients with acutely symptomatic UTI. The Infectious Dis-
ease Society of America has defined significant colony
counts for acute uncomplicated cystitis in women as at least
103 colonies per milliliter, for complicated cystitis as at least
103 colonies per milliliter (except if urine cultures are ob-
tained through a catheter, in which case a level of at least
102 colonies per milliliter is considered evidence of infec-
tion), and for cystitis in men as at least 104 colonies per
milliliter (3). Asymptomatic bacteriuria is identified as the
presence of two consecutive clean-voided urine specimens
with at least 105 colonies per milliliter of the same
uropathogen in the absence of symptoms.
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TABLE 68.1
SELECTED CONDITIONS
COMPLICATING URINARY
TRACT INFECTION IN ADULTS

Structural or functional abnormalities

Urolithiasis
Malignancies
Strictures
Fistulae
Ileal conduits and other urinary diversions
Neurogenic bladder
Vesicoureteral reflux

Foreign bodies

Indwelling catheter
Ureteral stent
Nephrostomy tube

Other conditions

Renal failure
Renal transplantation
Immunosuppression
Multidrug-resistant uropathogens
Hospital-acquired infection
Prostatitis
Pregnancy
Diabetes

Some factors complicate urinary tract infection
through several mechanisms.

TABLE 68.2
BACTERIAL ETIOLOGY OF URINARY TRACT
INFECTION

Uncomplicated Complicated

Escherichia coli Escherichia coli
Staphylococcus saprophyticus Enterococci
Klebsiella spp. Klebsiella spp.
Proteus mirabilis Proteus mirabilis
Enterococci Enterobacter spp.
Other Pseudomonas aeruginosa

Citrobacter spp.
Staphylococcus aureus
Other

From Gupta K, Hooton TM, Stamm WE. Increasing antimicrobial
resistance and the management of uncomplicated community-aquired
urinary tract infections. Ann Intern Med 2001;135:41–50, and Nicolle
LE. A practical guide to the management of complicated urinary tract
infection. Drugs 1997;53:583–592.
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Indications for Hospitalization and
ICU Admission

Patients with community-acquired lower UTI usually do
not require hospitalization. Indications for admission of
patients with UTI to the hospital include the inability to
maintain oral hydration or take medications, the need to
relieve obstruction of the urinary tract or manage another
complicating factor, uncertain social situation or concern
about compliance, the need for parenteral antibiotics that
cannot be arranged for on an outpatient basis, uncertainty
about the diagnosis, and severe illness with high fevers, se-
vere pain, and marked debility. Patients with lower UTIs
rarely require ICU care, although ICU patients are at high
risk for developing cystitis or asymptomatic bacteriuria be-
cause most of them require indwelling catheterization.

Initial Therapy

Cystitis
By definition, cystitis requiring hospitalization or occurring in
the hospital is complicated. Unlike the narrow and pre-
dictable spectrum of causative agents in uncomplicated 
infection, a broad range of bacteria can cause complicated
infections, and many are resistant to multiple antimicro-
bial agents. Although E. coli is the predominant
uropathogen in complicated UTI, uropathogens other than
E. coli account for a relatively higher proportion of cases
compared with uncomplicated UTIs; these uropathogens
include Citrobacter spp., Enterobacter spp., Pseudomonas
aeruginosa, enterococci, Staphylococcus aureus, and fungi
(Table 68.2) (4). Patients with chronic conditions, such as
spinal cord injury and neurogenic bladder, are relatively
more likely to have polymicrobial and multidrug-resistant
infections.

Therapy of patients with complicated UTI must be
guided by the results of urine cultures, which provide in-
formation on the responsible organism and antimicrobial
susceptibility patterns. Any known underlying structural or
functional urologic abnormalities related to the UTI must
be corrected if possible to decrease the risk of severe com-
plications, persistence, or recurrence of UTI. An ultrasound
examination or other imaging procedure should be per-
formed and a urinary catheter placed in a patient who has
obstructive symptoms or who does not urinate appropri-
ately under observation.

For empiric therapy in patients with mild-to-moderate
cystitis who can be treated with oral medication, the fluo-
roquinolones provide the broadest spectrum of antimi-
crobial activity, covering most expected pathogens and
achieving high levels in the urine and urinary tract tissue. In
contrast to other fluoroquinolones, moxifloxacin and
trovafloxacin may not achieve high enough concentrations
in urine to be effective for complicated UTI and are not rec-
ommended for this indication. If the infecting pathogen is

known to be susceptible, other agents listed in Table 68.3
are reasonable therapeutic choices. �-lactam antibiotics
and nitrofurantoin are generally considered to be safe in
pregnancy, but a broad-spectrum parenteral agent other
than a fluoroquinolone, such as ceftriaxone, should be
used empirically in pregnant women for all symptomatic
infections other than mild cystitis until susceptibility data
are available. Nitrofurantoin should otherwise be avoided
in the treatment of complicated UTI.

Fungal UTI is most often caused by Candida spp. and
usually is associated with diabetes, advanced age, renal
transplantation, or the use of indwelling catheters or stents,
corticosteroids, or broad-spectrum antibiotics (5). The
presence of pyuria and fungal quantification in urine cul-
ture may not distinguish colonization from invasive infec-
tion, and direct visualization or biopsy may be warranted.
An ultrasound or other imaging study should be performed
to rule out the possibility of predisposing factors or bladder
or renal fungus balls, which may require surgical interven-
tion. The urinary catheter, if present, should be changed or
removed if possible. Symptomatic candidal cystitis should
be treated with oral fluconazole 200 mg on day 1 followed
by 100 mg once daily for 4 days, or local instillation of
amphotericin-B 50 mg in 1 L of sterile water at 40 mL/h
for 2–5 days. The optimal duration of therapy is not
known, and shorter or longer courses are advised by some
authorities.

Asymptomatic candiduria usually resolves spontaneously
after catheter removal, although it may persist for months.
Although the risk of symptomatic infection, especially upper
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TABLE 68.3
ORAL REGIMENS FOR THERAPY OF ACUTE
UNCOMPLICATED PYELONEPHRITIS AND
COMPLICATED CYSTITIS

Drug Dose Interval

Ciprofloxacin 500 mga q 12 h
Ciprofloxacin XR 1 ga q 24 h
Gatifloxacin 400 mga q 24 h
Levofloxacin 250–500 mga q 24 h
Ofloxacin 200–300 mga q 12 h
Trimethoprim–sulfamethoxazole 160/800 mgb q 12 h
Amoxicillin 500 mgc q 8 h
Amoxicillin 875 mgc q 12 h
Amoxicillin-clavulanate 875/125 mgc q 12 h
Nitrofurantoin monohydrate/ 100 mgd q 12 h

macrocrystals (Macrobid®)

a Fluoroquinolones are the agents of choice for empiric therapy, but
should be avoided in pregnancy if possible.
b Trimethoprim-sulfamethoxazole should be used only if the causative
uropathogen is known to be susceptible.
c Amoxicillin or amoxicillin-clavulanate should be used only if the
causative uropathogen is known to be susceptible or in addition to a
broad-spectrum agent if empiric coverage against enterococci is
desirable.
d Nitrofurantoin should be used only for mild cystitis in pregnant women.
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tract infection, appears to be low, persistent asymptomatic
candiduria probably should be treated in patients with
diabetes, neutropenia, or obstruction or those who have
received a renal transplant or are about to undergo invasive
urologic surgery. Oral fluconazole or amphotericin B irriga-
tion can be used in such situations.

Asymptomatic Bacteriuria
Screening and treatment of the hospitalized patient for
asymptomatic bacteriuria generally is not warranted, al-
though recommendations vary according to the clinical set-
ting. Patients with asymptomatic bacteriuria who may be at
high risk for serious complications (and thus warrant a
more aggressive approach to diagnosis and treatment) in-
clude pregnant women, patients undergoing traumatic gen-
itourinary surgery, and renal transplant patients (6). The
choice of antimicrobial agent should be based on the sus-
ceptibility of the uropathogen and the safety of the patient.
Pregnant women with asymptomatic bacteriuria should be
treated with agents considered to be safe in pregnancy, such
as amoxicillin, cephalosporins, or nitrofurantoin.

There are some situations in which screening for and
treatment of asymptomatic bacteriuria is not indicated and
may in fact result in adverse effects and increased antimi-
crobial resistance. These situations include asymptomatic
bacteriuria associated with bladder catheterization or neu-
rogenic bladder, and asymptomatic bacteriuria in individ-
uals older than 65 years.

Prostatitis
The most common organisms causing community-acquired
acute bacterial prostatitis are Gram-negative bacilli and, less
commonly, enterococci and S. aureus. Like complicated
UTI, nosocomial prostatitis may be caused by a wider spec-
trum of bacteria, many of which are multidrug-resistant.
Oral or parenteral fluoroquinolones are the antibiotics of
choice for treatment of prostatitis because of their broad
spectra of activity and excellent penetration into the
prostate gland (7). Parenteral agents appropriate for the
treatment of hospitalized patients with acute bacterial pro-
statitis are the same as those for complicated pyelonephritis
(Table 68.4). If the urine Gram stain suggests the presence
of Gram-positive cocci, a regimen with activity against S. au-
reus and enterococci as well as Gram-negative bacilli (e.g.,
piperacillin-tazobactam) should be considered. Empiric
coverage should include vancomycin if methicillin-resistant
Staph aureus (MRSA) is a concern. Nitrofurantoin should
not be used for the treatment of prostatitis, because it does
not achieve reliable tissue levels.

Indications for Early Consultation

A urologic evaluation is indicated at the time of admission
if the patient presents with strong evidence of a complicat-
ing factor. For example, if the patient has renal colic in the
setting of a UTI, an ultrasound or computed tomography

study should be performed to rule out the presence of a
stone or obstruction. A urology consultation should be
considered if the patient complains of obstructive symp-
toms, a large postvoid residual urine volume is found by
catheterization or ultrasound, or there is radiographic evi-
dence of an abscess or other complicating factor that may
require surgical intervention. An infectious disease consul-
tation should be considered if the diagnosis is in question
after an initial evaluation of a febrile patient, the patient is
very ill, or the antibiotic choice is complicated by multiple
drug allergies, multidrug-resistant uropathogens, multiple
sites of infection, young age, or pregnancy.

Issues During the Course of Hospitalization

Intravenous fluids are administered for volume depletion
or for inability to take fluids orally. Phenazopyridine, 200
mg orally three times daily, is recommended for patients
with severe dysuria. Opiates occasionally may be needed
for severe pain, but it is important to make sure that the pa-
tient does not have a suppurative complication warranting
drainage as the source of the discomfort.

Patients with lower UTI who are treated with antibiotics
appropriate for the causative uropathogens usually demon-
strate marked improvement in 24–48 hours. The antimi-
crobial regimen should be tailored once the infecting strain
has been identified and antimicrobial susceptibilities are
known. This information usually is available within 48–72
hours after the culture is taken. Those on parenteral ther-
apy can be switched to oral treatment after clinical
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TABLE 68.4
PARENTERAL REGIMENS FOR THERAPY OF
ACUTE UNCOMPLICATED PYELONEPHRITIS
AND COMPLICATED UPPER TRACT INFECTION

Drug Dose Interval

Ceftriaxone 1–2 g q 24 h
Cefepime 1 ga q 12 h
Ciprofloxacin 200–400 mgb q 12 h
Gatifloxacin 400 mgb q 24 h
Levofloxacin 250–500 mgb q 24 h
Ofloxacin 200–400 mgb q 12 h
Gentamicin 3–5 mg/kg body weight q 24 h

(�/� ampicillin)a or
1 mg/kg (�/� ampicillin)a q 8 h

Ampicillin 1 g (� gentamicin) q 6 h
Trimethoprim– 160/800 mg q 12 h

sulfamethoxazole
Ampicillin–sulbactam 1.5 g q 6 h
Ticarcillin–clavulanate 3.2 ga q 8 h
Piperacillin–tazobactam 3.375 ga q 6–8 h
Imipenem–cilastatin 250–500 mga q 6–8 h
Ertapenem 1 g q 24 h

a Recommended for serious complicated pyelonephritis.
b Avoid fluoroquinolones in pregnancy if possible.
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improvement occurs if the patient can tolerate oral hydra-
tion and medications.

Discharge Issues

Most individuals with lower UTIs are ready for discharge if
they are able to tolerate oral medications. By the time of
discharge, urinary signs and symptoms should be im-
proved markedly, although they may not have resolved.
The recommended duration of therapy for complicated
cystitis ranges from 7–14 days, but longer therapy may be
indicated in patients who have a delayed clinical response.
Regimens of antibiotics for 3–7 days can be used if treat-
ment of asymptomatic bacteriuria is indicated. The recom-
mended duration of treatment for acute bacterial prostati-
tis is 10–14 days.

Patients being treated for cystitis or prostatitis should be
instructed to contact their primary physicians or return to
the emergency department if there is development, worsen-
ing, or recurrence of urinary symptoms, fever, or obstructive
symptoms. Following treatment of UTI in pregnancy, a cul-
ture should be obtained one week after therapy to ensure
bacteriologic cure. If the post-treatment culture is positive,
a longer course with an antibiotic to which the causative
uropathogen is susceptible should be used. A follow-up
urine culture also generally is recommended in the non-
pregnant patient, although it has not been established that
treatment of asymptomatic bacteriuria in such populations
is beneficial. Patients do not necessarily need to be seen for
an office visit if their symptoms have resolved. If a follow-
up urine culture is desired, patients can drop it off at the
laboratory or office.

Prophylaxis may be indicated in some patients who
have frequent recurrences of cystitis or pregnant women
who have recurrences of asymptomatic bacteriuria.

UPPER URINARY TRACT INFECTION
(PYELONEPHRITIS, PERIRENAL
ABSCESS)

Issues at the Time of Diagnosis

Clinical Presentation

Acute uncomplicated pyelonephritis in young healthy women
is suggested by fever, chills, flank pain, nausea or vomiting,
and costovertebral-angle tenderness. Cystitis symptoms are
variably present. Although acute pyelonephritis may pre-
sent as a mild illness, it also may present as a catastrophic
illness with sepsis syndrome, shock, and multiple organ
system dysfunction (Chapters 25 and 26). Patients with
complicated pyelonephritis present with similar symptoms
and signs, but symptoms associated with the underlying
complicating factor, such as nephrolithiasis, may obscure

the diagnosis. Patients with renal or perirenal abscesses
usually present with fever, chills, back or abdominal pain,
and costovertebral-angle tenderness. The pain may be re-
ferred to the groin or leg if there is extension of a perirenal
abscess. Such patients may have no urinary symptoms or
findings if the abscess does not communicate with the
collecting system (as is often the case with a cortical
abscess). Bacteremia is common in patients with upper
UTI, especially those with an abscess.

Differential Diagnosis and Initial Evaluation

Even in patients presenting with classic pyelonephritis
symptoms and signs, the clinician must consider other
abdominal conditions in the differential diagnosis. Many
conditions can be confused with UTI. The differential diag-
nosis includes appendicitis, cholelithiasis, diverticulitis,
gastroenteritis, pelvic inflammatory disease, ectopic preg-
nancy, and other intra-abdominal or retroperitoneal
conditions. Patients should undergo a complete history,
physical examination, and laboratory evaluation to make
sure that UTI is the correct diagnosis and that other serious
conditions do not coexist. An evaluation of the patient’s
hemodynamic status is warranted because urosepsis is a
serious complication of UTI.

A pretreatment urinalysis, urine Gram stain, and urine
culture as described previously should be performed for
all patients hospitalized with presumptive upper UTI. It is
reasonable to obtain blood cultures in moderately-to-
severely ill hospitalized patients with UTI to help stage the
severity of the infection. A urologic evaluation is war-
ranted at the time of diagnosis if the patient has symp-
toms or signs suggestive of obstructive uropathy,
nephrolithiasis, or another potentially serious complicat-
ing factor. Computed tomography is recommended if an
abscess is suspected to establish the diagnosis and loca-
tion. It is sometimes necessary to aspirate fluid collections
in order to confirm the diagnosis and to obtain cultures to
direct therapy.

Indications for Hospitalization and
ICU Admission

Outpatient treatment of UTI is considerably less expensive
than inpatient treatment. The availability of broad-spec-
trum oral fluoroquinolones and once-daily dosing of cef-
triaxone, ertapenem, and aminoglycosides allows for the
effective outpatient treatment of many patients with upper
UTIs, including many complicated infections, resulting in
great cost savings. Outpatient therapy has been shown to
be safe and effective for selected patients who can be stabi-
lized with parenteral fluids and antibiotics in an urgent care
facility and sent home on oral antibiotics under close su-
pervision (8). In general, however, outpatient therapy
should be reserved for nonpregnant individuals with mild-
to-moderate acute cystitis (uncomplicated or complicated)
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or acute uncomplicated pyelonephritis, who are compliant
and can be reached easily by telephone for early follow-up,
and are likely to return to care in a timely fashion if symp-
toms do not resolve rapidly. Indications for admission of
patients with upper tract infection include the factors
mentioned previously for cystitis. In addition, patients with
pyelonephritis who have underlying conditions such as
pregnancy and diabetes that greatly increase the risk of
serious complications generally should be admitted for
close observation.

Clear indications for ICU admission or transfer include
hemodynamic instability caused by the sepsis syndrome
or hypovolemia. Rarely, pyelonephritis is complicated by
Acute Respiratory Distress Syndrome and warrants ICU
management.

Initial Therapy

Acute Uncomplicated Pyelonephritis
The spectrum of agents responsible for acute uncompli-
cated pyelonephritis is similar to that in uncomplicated
cystitis, with E. coli the causative pathogen in approxi-
mately 70%–95% of cases and Staphylococcus saprophyticus
in 5% to more than 20%. The antimicrobial susceptibility
of causative uropathogens likewise is similar to that of
uropathogens causing uncomplicated cystitis.

Women with uncomplicated pyelonephritis who are ill
enough to be hospitalized should receive parenteral therapy
with one of several broad-spectrum regimens (Table 68.4).
For patients in whom the Gram stain is not suggestive of
enterococcal infection, it is reasonable to initiate empiric
treatment with ceftriaxone, 1 g per 24 hours. Aminoglyco-
sides given once daily, parenteral fluoroquinolones, and
penicillin/�-lactamase inhibitor combinations are also
effective for the treatment of uncomplicated pyelonephritis.
As noted previously, certain fluoroquinolones (moxi-
floxacin and trovafloxacin) may attain suboptimal levels in
the urine and should not be used for renal infection. If ente-
rococci are suspected based on the Gram stain, ampicillin
plus gentamicin, ampicillin-sulbactam, or piperacillin-
tazobactam are reasonable broad-spectrum empiric choices.
Trimethoprim-sulfamethoxazole should not be used alone
for empiric therapy in areas with a high prevalence of resis-
tance to this agent. Nitrofurantoin should not be used for
pyelonephritis.

Complicated Pyelonephritis
As noted in the previous section, complicated UTIs are
caused by a broad range of bacteria (Table 68.2), many of
which are resistant to multiple antimicrobial agents. Em-
piric therapy of patients with complicated pyelonephritis
must be guided by the results of the urine Gram stain and
subsequent culture and susceptibility data. Any known un-
derlying structural or functional complications must be
corrected, if possible. For initial empiric treatment, a

broad-spectrum parenteral antimicrobial regimen should
be used (Table 68.4). Empiric therapy should cover S. au-
reus until the possibility of infection with this organism can
be excluded; this coverage should be active against MRSA
(e.g., vancomycin) in areas with a high prevalence of
MRSA. For patients with limited vascular access, oral
ciprofloxacin, gatifloxacin, levofloxacin, or ofloxacin can
be considered because of their excellent bioavailability. If
the infecting pathogen is known to be susceptible,
trimethoprim-sulfamethoxazole or other agents are also
reasonable therapeutic choices. Linezolid 600 mg twice
daily can be used orally or parenterally for documented in-
fection with enterococci resistant to vancomycin or methi-
cillin-resistant S. aureus.

Fungal infection of the upper urinary tract usually is
caused by Candida spp. and may be caused by ascending
infection or, much more commonly, hematogenous spread
(5). Fungus balls in the ureter and renal pelvis are a
complication of ascending infection; they may cause hema-
turia or obstruction. Most patients with renal infection
from hematogenous spread do not have symptoms refer-
able to the kidney. Systemic amphotericin B for a total dose
of 1–2 g over a course of 4–6 weeks is recommended for re-
nal fungal infection and other simultaneously infected sites
(5). Fluconazole also may be effective. Surgery may be
indicated for the treatment of fungus balls or complicating
conditions.

Perirenal Abscess
A renal cortical abscess (renal carbuncle) is usually caused by
S. aureus, which reaches the kidney through the hematoge-
nous route. Treatment with antibiotics that cover S. aureus
and other uropathogens causing complicated UTI (Table
68.2) is usually effective, and drainage usually is not re-
quired unless the patient is slow to respond. In contrast, a
renal corticomedullary (perinephric) abscess usually results
from ascending UTI in association with an underlying uri-
nary tract abnormality such as obstructive uropathy or vesi-
coureteral reflux. It is usually caused by common
uropathogenic species such as E. coli and other coliforms.
Treatment with broad-spectrum antimicrobial agents with-
out drainage is usually effective if the abscess is not very
large and if the underlying urinary tract abnormality can be
corrected. Aspiration of the abscess may be necessary in
some cases, and nephrectomy may be required occasion-
ally in patients with diffuse renal involvement or severe
sepsis. Perinephric abscesses usually occur in the setting of
obstruction or other complicating factors (Table 68.1) and
result from ruptured intrarenal abscesses, hematogenous
spread, or spread from a contiguous infection. Causative
uropathogens are those commonly found in complicated
UTIs (e.g., Gram-negative bacilli, S. aureus, and entero-
cocci) (Table 68.2), and polymicrobial infections are com-
mon. In contrast to the other types of renal abscesses,
drainage of pus is the cornerstone of therapy, and nephrec-
tomy is sometimes indicated.
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Indications for Early Consultation

A urologic evaluation or consultation with a urologist or in-
fectious disease specialist is indicated for the same reasons
as outlined for lower UTI. Moreover, any patient with a
known anatomic or functional abnormality of the urinary
tract who presents with clinical evidence of upper UTI
should have an ultrasound or computed tomography
performed to determine the need for surgery or other
intervention.

Issues During the Course of Hospitalization

Intravenous fluids and analgesia may be warranted as
noted in the previous section. The antimicrobial regimen
should be tailored as soon as possible once the infecting
strain has been identified and antimicrobial susceptibilities
are known. The patient who has clinically improved and
can tolerate oral hydration and medications may be
switched to oral treatment with an agent to which the
causative uropathogen is susceptible. Patients with acute
uncomplicated pyelonephritis often can be switched to
oral therapy within 72 hours (if susceptibility data are
available), although longer intervals of parenteral therapy
occasionally are indicated depending on the clinical re-
sponse. Patients with complicated pyelonephritis or with
an abscess respond more slowly.

If there has been little or no improvement in fever and
symptoms by 72 hours, a repeat urine culture and an imag-
ing study may be indicated to rule out persistent infection,
obstruction, abscess, or other unrecognized urologic
abnormalities. Patients whose conditions worsen after
initiation of therapy may warrant an earlier evaluation.
Conversely, many patients who have no detectable uro-
logic abnormality remain febrile longer than 72 hours, and
a urologic evaluation may be reasonably postponed if the
patient is otherwise improving. Computed tomography is
markedly superior to intravenous urography and ultra-
sound in demonstrating the parenchymal abnormalities
caused by renal infection and in delineating the extent of
the disease (9).

Discharge Issues

Most individuals with UTI are ready for discharge when
they are able to tolerate oral medications. However, in a pa-
tient with multiple medical problems and an extended hos-
pitalization, treatment of a nosocomial UTI may have little
impact on the timing of discharge. By the time of discharge,
urinary signs and symptoms should be markedly im-
proved, although they may not be resolved. The presence of
a low-grade temperature or mild abdominal or back ten-
derness is not a contraindication to discharge. It is impor-
tant to make sure that the patient can tolerate the switch to
an oral regimen for a few hours before discharge, but it is
not necessary to routinely observe the patient overnight in the

hospital after the switch. When patients are discharged de-
pends on a number of issues including their social situa-
tion, support network, medical condition, insurance, and
need for parenteral therapy.

Recommended treatment durations vary from one to
three weeks or even longer. For acute uncomplicated
pyelonephritis, 6-week regimens are no more effective
than 14-day regimens and cause more side effects (10). In
those mildly to moderately ill patients who have a rapid
response with resolution of fever and symptoms soon
after initiating treatment, treatment usually can be discon-
tinued at 7–10 days (11). Of note, however, is that
�-lactam regimens shorter than 14 days have been associ-
ated with unacceptably high failure rates. Patients with
complicated pyelonephritis should be treated for 14–21
days or longer if symptoms and fever have not fully
resolved.

Patients should be instructed to contact their primary
care physicians or return to the emergency department if
there is development, worsening, or recurrence of fever or
of urinary or obstructive symptoms. A follow-up urine cul-
ture 1 or 2 weeks after treatment is recommended
although, as noted previously for lower tract infection, it
has not been established that treatment of asymptomatic
bacteriuria in such populations is beneficial. Pregnant
women should have follow-up urine cultures and be man-
aged as described previously. Patients who have undergone
urologic procedures may need to be seen by the urologist
after discharge.

COST CONSIDERATIONS AND
RESOURCE USE

Several developments in the past decade have resulted in
cost-saving strategies in the management of UTI. Most
importantly, the availability of the new oral fluoro-
quinolones and extended interval dosing of certain par-
enteral antibiotics have had tremendous impact on the cost
of treatment of UTI. Thus, many patients with mild-to-
moderately complicated UTIs caused by multidrug-resis-
tant uropathogens now can be managed in the outpatient
setting. Likewise, hospitalized patients can be discharged
from the hospital after an early switch to broad-spectrum
oral antibiotics or home parenteral antibiotic therapy.
Earlier discharge from the hospital also has been facilitated
by the wider availability and decreasing cost of sophisti-
cated imaging studies and less invasive interventional
techniques, both of which have allowed for more rapid di-
agnosis and management of disorders previously requiring
surgical therapy.

Because the vast majority of nosocomial UTIs is associ-
ated with catheter use, prevention of catheter-associated
infections should be given high priority in hospital
settings. Effective strategies include avoidance of catheter
placement if possible and, if catheter use is necessary,
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sterile insertion, prompt removal, and strict adherence to a
closed collecting system (12). Silver alloy-coated urinary
catheters appear to reduce catheter-associated bacteriuria
(12). Intermittent catheterization and, in men, condom
catheterization appear to result in lower rates of bacteriuria
compared with long-term indwelling catheterization.
Other approaches that have been effective in some (but not
other) studies include the use of preconnected catheter-
collecting tube units, the use of disinfectants in collecting
bags, and the regular periurethral application of antimicro-
bial creams. Treatment of asymptomatic bacteriuria in
catheterized patients is not recommended (6).

KEY POINTS

■ Because the vast majority of nosocomial UTIs are associ-
ated with catheter use, prevention of catheter-associated
infections should be given high priority in hospital set-
tings.

■ Unlike the narrow and predictable spectrum of causative
agents in uncomplicated infection, a broad range of bac-
teria can cause complicated infections, and many are re-
sistant to multiple antimicrobial agents.

■ Therapy of patients with complicated UTIs must be
guided by the results of urine culture and antimicrobial
susceptibility test results.

■ Screening and treatment of the hospitalized patient for
asymptomatic bacteriuria generally is not warranted but
should be performed in selected populations.

■ A urologic evaluation should be considered in patients
who have not had marked clinical improvement after 72
hours of therapy.

■ Several developments in the past decade have resulted in
huge cost-saving strategies in the management of UTI,
including the availability of new oral fluoroquinolone
antibiotics and extended interval dosing of certain
parenteral antibiotics. These agents may obviate the need
for hospitalization or may facilitate early discharge in
those patients requiring an inpatient stay.
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Cellulitis and 

Necrotizing Fasciitis
Dennis L. Stevens

INTRODUCTION

While many types of skin and soft tissue infection exist, this
review focuses on cellulitis and necrotizing fasciitis (NF).
Cellulitis is a common disease that is rarely life threatening
and usually can be managed without hospital admission. It
is most commonly caused by group A (GAS), B, C, or G
streptococci or Staphylococcus aureus. Cellulitis may also be
secondary to animal or human bites. NF is a rare but often
life-threatening, necrotizing infection of subcutaneous
tissue and fascia with relative sparing of the underlying
muscle. Progression of necrosis can be alarmingly rapid,
and shock and multiorgan failure is common. Despite the
availability of highly active antibiotics, the morbidity and
mortality rates of NF remain high. This is, in part, because
of the failure of treatment strategies to alter the physiologic
processes responsible for the local tissue destruction and
systemic toxicity.

NF encompasses two microbiologic entities. Type I dis-
ease is polymicrobial in etiology, typically being caused
by mixed anaerobes (e.g., Clostridium, Bacteroides, Pre-
votella, and Peptostreptococcus organisms), streptococci, and
enteric Gram-negative bacilli (e.g., Escherichia coli, Kleb-
siella, and Proteus organisms). Infection often complicates
deep wounds (including surgical wounds) when the
vascular supply is compromised, as in severe traumatic
injury or diabetes. Type II disease is typically a monomi-
crobial infection, most commonly caused by GAS
(hemolytic streptococcal gangrene), Clostridium perfringens
(traumatic gas gangrene), Clostridium septicum (sponta-
neous gas gangrene), Aeromonas hydrophilia (associated
with injuries occurring in fresh water), and Vibrio vulnifi-
cus (associated with injuries exposed to salt water). In the
case of GAS NF, infection may occur following bites or

burns, postoperatively (postpartum sepsis), or sponta-
neously in the absence of a defined portal of entry.

Both cellulitis and NF present important challenges in
diagnosis and management. In patients with cellulitis,
several clinical conditions and responsible agents can be
associated with an adverse outcome if not recognized. The
most important challenge for the management of NF is
early recognition. In its early stages, NF is difficult to dis-
tinguish from cellulitis and may not even be recognized as
an infectious process.

CELLULITIS

Issues at the Time of Admission

Clinical Presentation

Prominent features of cellulitis tend to be local, with cuta-
neous pain, edema, warmth, erythema, and tenderness.
The erythematous margins tend to be indistinct because the
process is deep, involving the subcutaneous tissues in
addition to the dermis. Regional lymphadenopathy and
constitutional symptoms of fever, chills, and malaise are
uncommon. Cellulitis most frequently involves the ex-
tremities, where it is associated with fungal infection of the
toes, chronic stasis dermatitis, and chronic lymphedema
following radical lymph node dissection. Cellulitis associ-
ated with these conditions is most commonly caused by
Group A, C, or G streptococci. Recurrent cellulitis is most
commonly caused by streptococci in association with
chronic lymphedema or prior saphenous vein bypass
grafts. Cellulitis associated with Staphylococcus aureus usu-
ally occurs with a defined focus of infection such as a suture
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line infection, carbuncle, sliver, or other foreign body.
Cellulitis caused by S. aureus may also be associated with
infected joints, olecranon bursitis, osteomyelitis, and a va-
riety of prosthetic devices such as intravenous catheters and
prosthetic joints. Erysipelas is a distinctive type of superficial
cellulitis caused by group A streptococci that is associated
with early systemic toxicity, prominent lymphatic involve-
ment, and superficial spread with a raised, well-demarcated
margin of brilliant red or salmon-colored erythema. Cel-
lulitis can also be associated with animal bites caused by a
variety of organisms that colonize the animals’ mucous
membranes (i.e., Pasteurella multocida, Prevotella, Porphy-
romonas, Fusobacterium, and Staphylococcus) and with organ-
isms colonizing the human mouth (i.e., Eikenella corrodens
and group A streptococcus).

Differential Diagnosis and Initial Evaluation

When an obvious portal of entry is evident or when symp-
toms appear in a distal extremity with lymphadenitis track-
ing proximally, the clinical diagnosis of cellulitis usually is
obvious. However, irritation or allergic reactions to wound
dressings, venous thrombosis, inflammatory skin lesions
such as erythema nodosum, eosinophilic cellulitis or fasci-
itis, or fixed hypersensitivity reactions may cause similar
local signs and symptoms. If inflammation is near joints, it
may be important to consider gout or other inflammatory
arthritides, olecranon bursitis, or a ruptured Baker’s cyst.

In patients who have diffuse cellulitis without a defined
portal of entry, establishing a specific diagnosis may be dif-
ficult. Superficial cultures of skin sites have low sensitivity
and specificity for identifying the responsible agent. In
contrast, a defined etiology can be established from Gram
stain and culture in patients with a defined portal of entry,
a localized area of carbuncle or abscess, or obvious draining
pus or an animal bite. If the patient is immunocompro-
mised or toxic or if the process is aggressive, establishing an
etiologic diagnosis becomes more important and may
require blood cultures, aspiration, biopsy, or surgical
assistance. Blood cultures are rarely positive in patients with
uncomplicated cellulitis but may be useful in the latter
clinical situations. Aspiration can be performed by using a
21- or 22-gauge needle and injecting and aspirating 1.0 mL
of preservative-free sterile saline (1). Unfortunately, punch
biopsies and aspirates have relatively low-to-moderate
sensitivity (5%–40%), partly because of sampling error and
partly because of the fact that low numbers of bacteria may
be present, suggesting that potent toxins or the host re-
sponse to toxins mediate the signs of acute inflammation.
Patients ill enough to require parenteral antibiotics should
have a complete blood count. The need for other tests is
dictated by the presence of specific underlying illness.

Outlining the margins of inflammation is useful to
assess the progression of disease. This assessment is done
with a pen at the initial assessment and periodically
thereafter. Patients with any type of soft tissue infection
who appear toxic should be evaluated carefully for under-

lying deep or metastatic infections and for the possibility of
NF. Clues for NF include pain that is out of proportion to
the clinical findings, blisters or bullae, and subcutaneous
necrosis. Patients with cellulitis over a joint should have a
careful physical examination to rule out concomitant
infectious bursitis or arthritis. Septic arthritis also may oc-
cur in distant joints, and all joints should be evaluated
(Chapter 113).

Indications for Hospitalization and Intensive
Care Unit Admission

Most patients with uncomplicated cellulitis can be man-
aged in an outpatient setting, even if they require parenteral
therapy (2–4). Admission is indicated if patients have clin-
ical signs or laboratory tests suggesting systemic toxicity or
if the possibility exists of NF, septic arthritis, or an abscess
that may require surgical drainage.

ICU admission generally is necessary in patients who
have evidence of septic shock. Patients with necrotizing
fasciitis can deteriorate quickly. Thus, if the physician has a
clinical suspicion of NF, admission to the ICU, aggressive
fluid management, and assessment of markers of organ
function should be the standard of care (even if the patient
is initially stable). One useful marker of a high risk of dete-
rioration is a normal or low white blood cell count. If deep
necrotizing infection is suspected, an elevated creatine
kinase may also be supportive evidence.

Initial Therapy

In general, cellulitis is caused by staphylococci or strepto-
cocci, and a variety of cephalosporins, nafcillin, clin-
damycin, or newer fluoroquinolones have been useful
(Table 69.1). Empiric choices have become more difficult
during the past three to four years because of evolving
staphylococcal resistance (Chapter 64). For example,
10%–15% of methicillin-sensitive S. aureus organisms are
now resistant to erythromycin and clindamycin. The preva-
lence of both hospital-acquired and community-acquired
methicillin-resistant S. aureus (MRSA) infections is also
increasing dramatically in the western world. In addition,
aggressive soft tissue infections caused by MRSA have been
described in communities across the United States, Aus-
tralia, and Japan (5). With the prevalence of MRSA ap-
proaching 50% in many communities, empiric treatment
of S. aureus infections must now be based on the clinician’s
judgment of severity. Specifically, suspected staphylococcal
infections in patients who are toxic should be treated with
vancomycin, linezolid, or daptomycin. Once susceptibility
results are known, antibiotics can step down to more con-
ventional agents. In contrast, in the patient with localized
staphylococcal infections who is not toxic, cephalosporins
or penicillinase-resistant penicillins can be used, along
with careful monitoring for evidence of failure. GAS
cellulitis can be treated with penicillin, a cephalosporin, or
a penicillinase-resistant penicillin. In penicillin-allergic
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patients, clindamycin is a reasonable choice because
erythromycin resistance has become more prevalent.

Issues During the Course of Hospitalization

Early administration of antibiotics is the most important
immediate management concern. Patients may deteriorate
systemically during the first 8–12 hours of antibiotic
administration, and potentially septic patients should be
monitored closely over this time. NF also may become
evident only after hospital admission (see the earlier section
on clinical presentation).

Most patients will have less pain and feel better within 24
hours of antibiotic treatment (3). After 3 days, improvement
should be evident in virtually all patients, but some degree
of fever may persist for several more days. Expansion of the
margins of cellulitis almost invariably occurs in the first
24–36 hours after administration of antibiotics. In strepto-
coccal infections in particular, such expansion may be
dramatic over the first day. After this, the rate of increase
should slow, but margins may continue to expand for 2–3
days. Inflammation in the area may persist for 1–2 weeks,
and improvement may be especially slow in diabetic
patients or in poorly vascularized limbs.

Elevation of the involved extremity helps reduce the
swelling and pain. If it becomes apparent that the degree of
pain and swelling requires immobilization of the limb for

more than a few days, prophylaxis for deep venous throm-
bosis should be considered (Chapter 52).

Initial blood culture results should be reviewed to ensure
that therapy is appropriate and to determine whether the
spectrum of antibiotics chosen can be narrowed. Chronic
wounds may become colonized with a variety of bacteria,
including enterococci, enteric Gram-negative bacilli, and
Pseudomonas organisms. In this setting, results of superficial
cultures do not necessarily reflect the pathogens causing the
initial infection.

As noted previously, the presence of S. aureus in blood cul-
tures means that patients should be monitored carefully for
the presence or development of signs of endocarditis. These
patients should also have an echocardiogram (Chapter 71).
In severely immunocompromised patients, skin flora such as
coagulase-negative staphylococci or diphtheroids may cause
intravenous site cellulitis. However, in other settings, the iso-
lation of these organisms from blood is almost invariably a
result of sample contamination at the time the blood culture
was taken, and antibiotic therapy should not be modified in
response to such a report.

By the second to fourth day of hospitalization, fever and
pain should be improving, the area of cellulitis should be
stable or regressing, and the patient should be feeling
better. If such improvement is not evident, the initial
diagnosis should be reassessed, and possible reasons for
failure should be considered (Table 69.2). If a deep abscess
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TABLE 69.1
PRIMARY AND ALTERNATIVE THERAPEUTIC CHOICES FOR SOFT
TISSUE INFECTIONS

Disease entity Primary therapeutic agent Alternative

Erysipelas Penicillin Macrolides
Clindamycin

Cellulitis
Localized, mild infection Cephalosporin Trimethoprim-sulfamethoxazole

Nafcillin Fluoroquinolones
Dicloxacillin Clindamycin

Localized, severe infection Vancomycin None
or MRSA Linezolid

Daptomycin
Diffuse, mild, no portal Penicillin Clindamycin

(Groups A, C, or G Cephalosporin
streptococci)

Diffuse, toxic Clindamycin
Animal bite Ampicillin/sulbactam Cefoxitin

Amoxicillin/clavulanate Cefotetan
Doxycycline
Carbapenem

Human bite Ampicillin/sulbactam Cefoxitin
Cefotetan
Fluoroquinolone � clindamycin

Necrotizing fasciitis
Mixed aerobic/anaerobic Ampicillin/sulbactam � Carbapenem

ciprofloxacin � Piperacillin/tazobactam
clindamycin or metronidazole

Group A streptococcus Clindamycin
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is suspected, the use of imaging techniques, such as com-
puted tomography (CT) and magnetic resonance imaging
(MRI), may guide therapy (6,7).

In patients with uncomplicated cellulitis who are
afebrile by the fourth or fifth hospital day, a switch may be
made from parenteral to oral antibiotics. Patients with S.
aureus bacteremia require parenteral therapy for at least 2
weeks if no evidence of an endovascular infection is seen
and 4 weeks if it is. Neutropenic patients should be contin-
ued on therapy until their neutrophil count recovers or the
cellulitis has completely resolved.

Discharge Issues

Patients may be discharged as soon as their infections are
stable or improving. In the absence of septic shock, NF, or
a requirement for surgery or therapy for serious intercurrent
illness, a hospital stay longer than 3–4 days rarely should
be required.

Patients should be told at discharge that, depending on
the initial severity of the cellulitis, the signs and symptoms
may remain for days and even weeks, especially if the
cellulitis involves the lower extremities. Slowly improving
residual swelling may be present for weeks. Limb elevation
and support hose should generally be recommended.

Patients with erysipelas or streptococcal cellulitis who
have required hospitalization are at risk of recurrent infec-
tion, especially if they have chronic underlying skin lesions
(i.e., psoriasis) or impaired lymphatic or venous drainage
(i.e., radical mastectomy or saphenous vein stripping).
Such patients should be warned of the risk and the need for
prompt treatment if cellulitis recurs. They should also be
counseled about preventive foot or hand care (e.g., prompt
treatment of tinea pedis and prevention of damage around
nails).

NECROTIZING FASCIITIS

Issues at the Time of Admission

Clinical Presentation

The early diagnosis of necrotizing fasciitis may be difficult
because patients may manifest only severe pain in a limb,
along with malaise, chills, and fever (8). Later the area of
intense pain may become red, hot, shiny, swollen, and
exquisitely tender. Subsequently, there may be blue–black
discoloration indicative of superficial necrosis near the
center, blistering or bullae formation, and edema that
extends beyond the margins of skin erythema. Crepitus
may be palpable in patients with NF resulting from gas-
forming organisms such as the Clostridium spp. (gas gan-
grene) or mixed aerobic/anaerobic bacteria (necrotizing
fasciitis type 1) (7). In contrast, group A streptococcus does
not produce gas.

Group A streptococcus causes two types of presentations
with necrotizing fasciitis. Approximately 50% of patients
with NF caused by group A streptococci may have only
fever, chills, and severe pain. In many, hypotension and ev-
idence of renal impairment precede the skin manifestations
of NF. In these patients, elevated serum creatinine, hy-
potension, marked tachycardia, and severe pain should
prompt surgical consultation to inspect the deep tissues
and to obtain culture material (8,9). While plain radio-
graphs, CT scans, and MRI may demonstrate swelling and
edema in NF, they do not provide a definitive diagnosis. An
elevation of serum creatinine kinase (CK) may provide
additional clues facilitating surgical intervention.

The remaining 50% of patients with necrotizing fasciitis
caused by group A streptococcus have an obvious portal of
entry, such as a surgical incision, episiotomy, laceration,
insect bite, or chicken pox lesion. These patients initially
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TABLE 69.2
CONSIDERATIONS IF PATIENT IS NOT RESPONDING TO THERAPY BY HOSPITAL DAY 4

Scenario Considerations

Alternate or Immune-mediated Underlying deep Deep venous Gout, pseudogout Ruptured Baker’s
concomitant soft tissue infection (e.g., thrombosis or other cyst (for leg
diagnosis inflammation osteomyelitis or monoarthritis cellulitis only)

(e.g., vasculitis  or pyomyositis) (or periarthritis)
erythema nodosum)

Correct diagnosis See Table 69.1 Consider drug-
but incorrect resistant organism
antimicrobial agent

Correct diagnosis Drug not being Oral medication not Ineffective drug
and antimicrobial administered being absorbed dosing (e.g., dosing
agent (consider gastric pH) too low or too

infrequent, or drug
interactions)
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have cutaneous evidence of local infection and drainage.
They then go on to develop toxicity or rapid localized
spread and evolution to bullae formation, sloughing of
skin, and ecchymosis. All this may occur despite antibiotic
treatment, and this progression requires emergent surgical
consultation.

Differential Diagnosis and Initial Evaluation

Fever and severe pain should lead to consideration of NF.
In 50% of patients, the severe pain is at the exact site of
recent, nonpenetrating trauma. There may not be cutaneous
evidence of soft tissue infection. Depending on the location of
the infection, patients who have NF without signs of cel-
lulitis may be incorrectly diagnosed as having muscle
strain, gout (or other arthritides), early herpes zoster reacti-
vation, acute myocardial infarction, pulmonary embolus,
or deep venous thrombosis.

Laboratory clues to NF include elevated CK, a marked
left shift in the differential white blood cell count (8,9),
elevated serum creatinine in patients who are not yet
hypotensive, low serum albumin, low serum calcium, and
markedly elevated C-reactive protein (8,10). Plain radio-
graphs demonstrating tissue gas suggest necrotizing
fasciitis type 1 or gas gangrene. CT and MRI scans will
demonstrate the level of infection but are not specific for
necrotizing fasciitis unless gas is present in the tissue. Be-
cause group A streptococcus does not form gas in the tissue,
and because necrotizing fasciitis caused by this microbe oc-
curs following nonpenetrating trauma in half the cases of
NF, CT and MRI may not distinguish trauma from infec-
tion. This dilemma is most evident in women with post-
partum group A streptococcal intrauterine infection, in
whom the uterus is still swollen and enlarged from the
birthing process.

Etiologic diagnosis is important in NF. The presence of
soft tissue gas and foul smell suggests anaerobic organisms.
Gram stain and cultures from aspiration of bullae or
necrotic tissue often yield the responsible pathogens, and
blood cultures are positive in approximately 50% of
patients (7,8,11,12). Culture of surgical specimens also
demonstrates the etiologic pathogen.

Indications for Hospitalization and 
ICU Admission

All patients in whom the diagnosis of NF has been enter-
tained should be admitted to hospital for supportive therapy,
antimicrobials, and surgical debridement if appropriate. Pa-
tients with NF can deteriorate rapidly, with development of
sepsis and progression of the necrosis. Patients with
concomitant sepsis syndrome (Chapter 26) require ICU
admission. Patients not admitted to the ICU should have
vital signs checked and a clinical assessment of the affected
area made frequently until the diagnosis of NF is ruled out,
surgery is performed, or the margins have stabilized.

Initial Therapy

If it is available immediately, the Gram stain result of an
aspirate or biopsy may be used to guide therapy. Mixed
Gram-positive and Gram-negative bacteria indicate type I
disease, and broad-spectrum coverage for Gram-negative
and anaerobic organisms is needed (Tables 69.1 and 69.3).
Because of the risk of antimicrobial resistance in Gram-
negative organisms, using at least two antibiotics active
against enteric Gram-negative bacilli is recommended 
until culture results are obtained. A carbapenem or a third
generation or fourth generation cephalosporin with metro-
nidazole, in combination with ciprofloxacin or an amino-
glycoside, is a reasonable option. In the absence of a Gram
stain, patients should receive treatment for type II disease
until a diagnosis is made. All persons with traumatic
wounds or infections associated with the gastrointestinal
tract require assessment for tetanus immunization status.
Patients with NF caused by group A streptococcus should
receive clindamycin. Clindamycin inhibits toxin produc-
tion by bacteria, and animal studies (6) as well as one ret-
rospective human study (13) support its use.

Surgical debridement is the mainstay of therapy for NF
of all types, and the appropriate surgical team should be
consulted early when NF is suspected (14,15). Surgical con-
sultation also should be considered for infections of the
hand, particularly infected cat, dog, or human bite wounds,
and for patients with a history of intravenous drug abuse.
The use of hyperbaric oxygen for the treatment of NF is con-
troversial. Its use is not indicated in the treatment of GAS
(type I) NF. It still is being advocated for the treatment of
Fournier’s gangrene (a life-threatening necrotizing polymi-
crobial infection of the genitals and perineum) and is
indicated in gas gangrene.

A recommendation to use intravenous immunoglobu-
lin (IVIg) to treat streptococcal toxic shock syndrome can-
not be made with certainty. While ample evidence exists for
the role of extracellular streptococcal toxins in shock, organ
failure, and tissue destruction, IVIg contains variable quan-
tities of neutralizing antibodies to some of these toxins,
and definitive clinical efficacy data are lacking (16). One
observational study demonstrated better outcomes in pa-
tients receiving IVIg, but these patients were more likely to
have had surgery and were more likely to have received
clindamycin than the historical controls (17). A second
study, which was double blinded and placebo controlled,
showed no significant difference in mortality and no
change in the “time to no further progression of necrotiz-
ing fasciitis” (18).

Issues During the Course of Hospitalization

On day 2, definitive culture results should be available, and
the antibiotic regimen can be adjusted appropriately (Table
69.3). Most patients require more than one procedure
for debridement. Until day 5, clinical assessment of the
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patient’s pain and well-being and of the involved area
should be performed every four to six hours. In patients
with extensive disease, general anesthesia may be required
daily for dressing changes and examination. Surgical re-
exploration is indicated if new areas of necrosis are
apparent, if the rate of extension of erythema does not slow
or begins to increase, or if patients complain of increasing
pain or malaise. Repeated operative debridement should
be performed until the infection is controlled.

Between days 5 and 10, continued progression of NF
becomes less likely. However, in patients who have re-
quired extensive surgery, superinfection is possible. Exten-
sion of infection during this time should prompt reculture
of tissue. Skin grafting can be performed once the wound
base is granulating well, at which time physical therapy
should be consulted regarding rehabilitation. A nursing
assessment should then be carried out, the home situation
should be reviewed, and the anticipated length of stay and
rehabilitation should be discussed with the patient and
family members.

Issues of systemic management and duration of antibiotic
therapy are the same as those for cellulitis. No clear guide-
lines have been formulated for the duration of antibiotic
therapy. Ten days is a reasonable minimum, but a longer du-
ration may be advisable if fever has persisted beyond the
fifth day or the wound is still not healthy at day 10.

Because GAS are transmitted in families and secondary
cases of streptococcal GAS have occurred, some public
health jurisdictions require reporting of streptococcal toxic
shock syndrome, and some physicians now recommend
treating household contacts of cases with 10 days of cefa-
zolin or a macrolide (7,20,21). Reporting those patients
who are readmitted with erysipelas or surgical-site GAS
cellulitis to the infection-control service is also important,
as surgical-site infections of GAS are extremely rare and
often are associated with outbreaks of serious nosocomial
infection.

Discharge Issues

Timing of discharge largely depends on surgical issues
surrounding skin grafting and the management of dress-
ings. The main disease-related issues are wound care and
rehabilitation. Home care for dressing changes and physio-
therapy are nearly always required. Patients should be
warned that pain may persist for weeks or months but
should not worsen, and the risks for and appropriate
response to surgical-site infections should be discussed.
Recurrent NF is not a risk, but cellulitis in a limb with dam-
aged vascular supply is, so skin care and nail care issues
should be discussed as appropriate once the patient has
recovered sufficiently.
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TABLE 69.3
MANAGEMENT OF NECROTIZING FASCIITIS

1. Admit to the ICU
2. Emergent consultation to infectious disease and general surgery
3. Establish an etiologic diagnosis

a. Gram stain and culture of drainage, bullous fluid
b. Gram stain and culture of surgical tissue samples

4. Emergent empiric antibiotics administration based upon Gram stain material
5. Aggressive, goal-directed intravenous fluid resuscitation

a. Crystalloid/normal saline (20–30 cc/kg bolus) (19)
b. Colloid (albumin/fresh frozen plasma). Note: Patients with necrotizing fasciitis frequently

have profound hypoalbuminemia due to capillary leak.
6. Transfusion. Note: Acute anemia evolves rapidly because of absorbed toxins that are also

hemolysins.
7. Calcium replacement. Profound hypocalcemia is a common finding in patients with necrotizing

fasciitis, particularly those with staphylococcal or streptococcal TSS.
8. Surgical debridement. The extent of surgical debridement of nonviable tissue varies but will be

apparent from the surgical consultation obtained under item 2 above.
9. Renal dialysis. Renal failure occurs early in necrotizing fasciitis, particularly in those infected with

group A streptococcus and Clostridium perfringens or in association with staphylococcal TSS.
10. Ventilator support. ARDS develops in 60% of patients with some types of necrotizing fasciitis,

particularly those caused by group A streptococcus.
11. Echocardiogram for persistent hypotension
12. Invasive monitoring for persistent hypotension or low cardiac output
13. Vasopressors for high-output hypotension. Note: Avoid pressors in low cardiac output

hypotension because of the risk of symmetrical gangrene
14. Intravenous gamma globulin (IVIg). See the discussion on necrotizing fasciitis (“Initial Therapy”).
15. Consider the use of activated protein C. However, there are no data to support its use in this

setting, and it may be contraindicated in patients undergoing surgery.

ARDS, acute respiratory distress syndrome; TSS, toxic shock syndrome.
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COST CONSIDERATIONS AND
RESOURCE USE

Physicians increasingly recognize that few patients with
uncomplicated cellulitis require hospitalization. Guidelines
for the management of skin and soft tissue infections are not
available but will soon be published by the Infectious Dis-
ease Society of America. Currently, no guidelines exist to as-
sist in determining whether hospitalization is indicated.

The prompt recognition of patients at risk for pathogens
other than GAS and S. aureus (who may require broad-
spectrum antimicrobial therapy or an antimicrobial other
than those used to treat these pathogens) may hasten
recovery. Once the patient with cellulitis has been stabi-
lized and shows no evidence of disease progression, oral
antimicrobials can be instituted, and the patient can be
discharged.

In patients with NF, early surgical intervention can facil-
itate a definitive diagnosis and prompt surgical debride-
ment, both of which can hasten recovery and discharge.
The use of hyperbaric oxygen therapy is costly and has a
questionable role in the management of necrotizing soft
tissue infections. The only possible indication is for
clostridial myonecrosis.

KEY POINTS

■ During the past 20 years, invasive group A streptococcal
infections such as necrotizing fasciitis have increased in
incidence and severity.

■ Diagnosis of severe GAS soft tissue infections may be dif-
ficult early in the course. Initially, patients may have
only severe pain, flu-like symptoms, and fever.

■ Most cases of cellulitis are caused by GAS or S. aureus.
However, a meticulous history must be performed to
specifically ask about exposure to fish and other animals,
recent travel, trauma, recent surgery, insect bites, animal
bites, human bites, exposure to salt water or fresh water,
and presence of underlying immunocompromising
conditions.

■ Patients with systemic toxicity out of proportion to the
physical findings of soft tissue infection require aggres-
sive diagnostic and therapeutic efforts, primarily focused
on ruling out necrotizing fasciitis.

■ Methicillin-resistant S. aureus strains have increased
dramatically throughout the world and cause a variety of
soft tissue infections, including impetigo, abscesses,
necrotizing soft tissue infections, and toxic shock
syndrome.
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Meningitis
Allan R. Tunkel Michael Scheld

INTRODUCTION

Meningitis is defined as inflammation of the meninges
identified by an abnormal number of white blood cells in
cerebrospinal fluid (CSF). Meningitis may be caused by a
variety of infectious agents (viruses, bacteria, fungi, and
protozoa) as well as by a manifestation of various nonin-
fectious disorders (e.g., collagen vascular disorders, malig-
nancies, and medications). In patients who present with
the meningitis syndrome, it is incumbent upon the physi-
cian to strongly consider the diagnosis of acute bacterial
meningitis and to initiate an appropriate diagnostic plan
and management for this disorder. This chapter focuses on
the approach to the patient with presumed acute bacterial
meningitis and considers other entities in the differential
diagnosis.

The epidemiology of bacterial meningitis has changed
in recent years. In the 1980s, Haemophilus influenzae, Neis-
seria meningitidis, and Streptococcus pneumoniae accounted
for more than 80% of cases, most caused by H. influenzae
type b. Recently, however, the incidence of invasive infec-
tions caused by H. influenzae type b has been dramatically
reduced by the widespread use of conjugate vaccines
against H. influenzae type b in children (1). In contrast, the
incidence of S. pneumoniae meningitis is unchanged. This,
too, may change in the future with the introduction of the
heptavalent pneumococcal conjugate vaccine, which is
now recommended for all infants and children in the
United States (2).

ISSUES AT THE TIME OF ADMISSION

Clinical Presentation

More than 80% of patients with acute bacterial meningitis
present with fever, headache, meningismus, and signs of
cerebral dysfunction (3). The meningismus may be subtle

or marked and may be accompanied by the Kernig or
Brudzinski sign. These signs, however, are elicited in only
about 5% of adult patients with acute bacterial meningitis.
Other findings include cranial nerve palsies and focal cere-
bral signs (10%–20% of cases) and seizures (30% of cases).
Papilledema is seen in fewer than 5% of patients early in in-
fection, and its presence should suggest an alternative diag-
nosis. Some patients may not manifest many of the classic
symptoms or signs of bacterial meningitis. For example, el-
derly patients may present insidiously with lethargy or ob-
tundation, no fever, and variable signs of meningeal irrita-
tion. A high index of suspicion must be maintained for the
diagnosis of bacterial meningitis in an elderly or alcoholic
patient with altered mental status.

The etiologic diagnosis of bacterial meningitis may be
suggested in patients with certain symptoms, signs, or
underlying conditions. Patients with meningitis caused by
S. pneumoniae often have contiguous or distant foci of in-
fection such as pneumonia, otitis media, mastoiditis, si-
nusitis, or (rarely) endocarditis; serious infection also may
be observed in asplenic patients and in those with multiple
myeloma, hypogammaglobulinemia, alcoholism, malnu-
trition, chronic liver or renal disease, malignancy, diabetes
mellitus, or basilar skull fracture. Meningitis caused by
N. meningitidis may occur in epidemics and in patients with
deficiencies in the terminal complement components
(C5 through C9). About 50% of patients with meningo-
coccemia, with or without meningitis, also present with a
prominent rash located principally on the extremities.
Early in the course of illness, the rash is typically erythema-
tous and macular, but it quickly evolves into a petechial
phase with further coalescence into a purpuric form.

Patients susceptible to Listeria monocytogenes meningitis
include neonates, the elderly, alcoholics, cancer patients,
immunosuppressed adults, and those with diabetes melli-
tus, liver disease, chronic renal disease, collagen vascular
disorders, and conditions associated with iron overload.
Outbreaks have been associated with consumption of
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contaminated food. Patients with L. monocytogenes menin-
gitis may experience seizures and focal neurologic deficits
early in the course of infection, and some patients may pre-
sent with ataxia, cranial nerve palsies, or nystagmus.

Differential Diagnosis and Initial Evaluation

The diagnosis of bacterial meningitis rests on examination
of CSF following lumbar puncture. Table 70.1 shows
typical CSF findings and a comparison with other mi-
croorganisms that can produce the meningitis syndrome.
There may be considerable overlap in CSF findings in
cases of meningitis caused by various agents, necessitating
use of other specialized tests to establish the correct diag-
nosis (see later in this chapter). Performance of a CSF
Gram stain is a rapid, inexpensive, and accurate method
to identify the causative microorganism in 60%–90% of
patients with bacterial meningitis; the specificity is nearly
100%. The probability of identifying the organism may
decrease in patients who have received prior antimicrobial
therapy. If the Gram stain is negative, a CSF latex aggluti-
nation test to detect antigens of common meningeal
pathogens can be considered. Unfortunately, the overall
sensitivity of the latex agglutination test ranges from only
50%–100%; the sensitivity is lower for N. meningitidis.
The routine use of CSF bacterial antigen tests has been
questioned. They are currently not being performed in
most clinical laboratories because positive results usually
have not modified therapy and false-positive and false-
negative results may occur.

Many other infectious agents can cause the meningitis
syndrome and should be considered in the differential di-
agnosis (3). Viruses are the major cause of the acute aseptic
meningitis syndrome, defined as any meningitis for which a
cause is not apparent after initial evaluation and routine
stains and cultures of CSF. Most of these cases (80%–85%)
are caused by enteroviruses. These viruses are worldwide in
distribution and are spread by the fecal–oral route, usually

during periods of warm weather. Other viruses causing this
syndrome include arboviruses, mumps virus, lymphocytic
choriomeningitis virus, several herpesviruses, and HIV.
Enteroviral meningitis is usually an acute illness, with fever
in over 75% of patients. Headache is nearly always present
in adults, photophobia is common, and more than half of
patients have nuchal rigidity. The duration of illness is
usually less than one week, and many patients report im-
provement after lumbar puncture, probably as a result of re-
duction of intracranial pressure. Currently, etiologic
diagnosis is problematic, although recent advances in poly-
merase chain reaction technology should facilitate the
diagnosis of enteroviral meningitis.

Meningitis caused by Mycobacterium tuberculosis ac-
counts for approximately 0.7% of all cases of clinical tu-
berculosis in the United States (Chapter 67). The clinical
presentation of tuberculous meningitis in adults is usually
indolent, but patients also may present acutely, with a
rapidly progressive meningitis syndrome indistinguishable
from acute bacterial meningitis. On examination, fever is
an inconstant finding, and signs of meningeal irritation are
absent in 25%–40% of cases. Up to 30% of patients have
focal neurologic signs on presentation, most frequently
consisting of cranial nerve palsies. Identification of tuber-
culous organisms in CSF is difficult because of the small
population of organisms present. Generally, fewer than
15%–25% of specimens are smear-positive, and up to 20%
of patients have persistently negative CSF cultures, even if
as many as four CSF specimens are cultured. Use of poly-
merase chain reaction testing to detect the fragments of
mycobacterial DNA in CSF appears to be the most promis-
ing technique for the rapid diagnosis of tuberculous
meningitis.

Spirochetes also can produce meningitis, with most
cases caused by Treponema pallidum and Borrelia burgdorferi.
The incidence of syphilitic meningitis is greatest in the first
two years following initial infection, occurring in
0.3%–2.4% of untreated patients. Patients with syphilitic
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TABLE 70.1
TYPICAL CEREBROSPINAL FLUID FINDINGS IN PATIENTS WITH VARIOUS INFECTIOUS CAUSES
OF MENINGITIS

Cause White blood cells, cells/mm3 Primary cell type Glucose, mg/dL Protein, mg/dL

Bacterial 1,000–5,000a Neutrophilicb �40c 100–500
Viral 50–1,000 Mononucleard �45 �200
Tuberculous 50–300 Mononucleare �45 50–300
Syphilitic 10–500 Mononuclear 35–75 30–300
Cryptococcal 20–500f Mononuclear �40 �45

a Range from �100 to �10,000 cells/mm3.
b About 10% of patients have a lymphocyte predominance on presentation.
c Should always be compared with a simultaneous serum glucose; ratio of CSF:serum �0.4 in most cases.
d May be neutrophilic early in infection.
e May see “therapeutic paradox” in which a mononuclear predominance becomes neutrophilic during therapy.
f More than 75% of AIDS patients have �20 cells/�L.
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meningitis usually present with headache, nausea, and
vomiting; meningismus and fever are seen in approxi-
mately one-half of cases. In contrast, meningovascular
syphilis is found in 10%–20% of individuals with central
nervous system involvement and occurs months-to-years
after syphilis acquisition. If untreated, focal deficits may
progress and become irreversible. No single routine labora-
tory test is definitive for the diagnosis of neurosyphilis. Al-
though the specificity of the CSF VDRL test is generally
high, blood contamination may lead to a false-positive
serologic result. More problematically, the sensitivity is
low, with reactive tests in only 50%–85% of patients.
Therefore, a reactive CSF VDRL test in the absence of blood
contamination is sufficient to diagnose neurosyphilis, but
a nonreactive test does not exclude the diagnosis. The CSF
fluorescent treponomal antibody (FTA-ABS) also has been
examined as a possible diagnostic test for neurosyphilis; a
nonreactive test effectively rules out the diagnosis. Poly-
merase chain reaction testing has been utilized, although
further large-scale studies are needed to determine the sen-
sitivity and specificity of this technique.

The nervous system is involved clinically in at least
10%–15% of patients with Lyme disease. Headache is the
single most common symptom, followed by photopho-
bia, nausea, and vomiting; neck stiffness is seen in only
10%–20% of cases. About one-half of patients have mild
cerebral symptoms such as somnolence, emotional labil-
ity, depression, impaired memory and concentration, and
behavioral changes. Approximately 50% of patients have
cranial neuropathies, most commonly facial nerve palsy.
The best currently available test for the diagnosis of Lyme
disease is specific serum antibody to B. burgdorferi; a
positive test in a patient with a compatible neurologic ab-
normality is strong evidence for the diagnosis. However,
currently available serologic tests are not standardized,
and there is marked variability between laboratories. Spe-
cific B. burgdorferi antibody also appears in CSF, and
demonstration of intrathecal production of antibody sug-
gests neurologic involvement. The technique of poly-
merase chain reaction for identifying B. burgdorferi DNA
in CSF has been used successfully in some preliminary
studies.

Many fungal pathogens have been reported to invade the
central nervous system, although meningitis is seen most
frequently with only a few of the species. Meningitis
caused by Cryptococcus neoformans is usually seen in pa-
tients who are immunocompromised (Chapters 63 and
76). The most important diagnostic test is the CSF latex
agglutination test for detection of cryptococcal polysac-
charide antigen. A presumptive diagnosis is indicated by a
CSF titer of at least 1:8. A serum cryptococcal polysaccha-
ride antigen also may be detected in severely immuno-
compromised patients. Coccidioides immitis is endemic in
the semiarid regions and desert areas of the southwestern
United States, where approximately one-third of the pop-
ulation is infected. Less than 1% of patients develop dis-

seminated disease, usually within the first six months fol-
lowing infection, with one-third to one-half of those hav-
ing meningeal involvement. Dissemination of infection
has been associated with extremes of age, male gender,
nonwhite race, pregnancy, and immunosuppression.
Meningeal infection usually follows a subacute-to-chronic
course, although it may present acutely. Common com-
plaints include headache, low-grade fever, weight loss,
and mental status changes. Signs of meningeal irritation
are usually absent. CSF examination typically reveals a
pleocytosis, often with a prominent eosinophilia. Only
25%–50% of patients have positive CSF cultures. CSF
complement-fixing antibodies are present in at least 70%
of cases of early meningitis and in virtually all patients as
the disease progresses.

Primary amebic meningoencephalitis most often is caused
by the protozoan Naegleria fowleri. Sporadic cases occur if
persons swim or play in water containing the amebae, or if
swimming pools or water supplies have become contami-
nated. Following an incubation period of 3–8 days, there is
the sudden onset of high fever, photophobia, headache,
and progression to stupor or coma. This presentation is
usually indistinguishable from that of acute bacterial
meningitis. Early symptoms of abnormal smell or taste
may be reported because of involvement of the olfactory
area. CSF examination reveals a neutrophilic pleocytosis,
low glucose, elevated protein, and red blood cells. The
Gram stain is negative, although examination of fresh,
warm specimens of CSF can reveal the ameboid move-
ments of the motile trophozoites. Death generally occurs
within two or three days of the onset of symptoms in
untreated patients.

In addition to the infectious causes described here, nu-
merous noninfectious diseases also may produce the
meningitis syndrome (Table 70.2). These entities also must
be considered in the differential diagnosis.

Indications for Hospitalization and Initial
Intensive Care Unit Admission

All patients with a suspected or confirmed diagnosis of
acute bacterial meningitis should be hospitalized. Admis-
sion to the ICU is indicated by the presence of sepsis or
neurologic compromise (Chapters 26 and 115). Patients
should be admitted to the ICU if there is clinical evidence
of increased intracranial pressure (obtundation, coma, hy-
pertension, bradycardia, palsy of cranial nerve III; see
Chapter 117), other cranial nerve palsies, focal cerebral
signs, or seizures.

In patients with the acute meningitis syndrome, it is criti-
cal to distinguish between acute bacterial meningitis and the
acute aseptic meningitis syndrome, the latter caused primar-
ily by viruses (as described previously). Although the pa-
tient’s general appearance and laboratory studies may be
helpful in making this distinction, examination of the CSF
profile is most important (Table 70.1). One study found that
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any of the following findings—a CSF glucose concentration
less than 34 mg/dL, a CSF:blood glucose ratio less than 0.23,
a CSF protein concentration greater than 220 mg/dL, or more
than 2,000 leukocytes or 1,180 neutrophils per cubic mil-
limeter in CSF—predicted bacterial rather than viral menin-
gitis with 99% certainty. However, considerable overlap ex-
ists in the CSF findings in patients with these disorders. For
example, in enteroviral meningitis, a neutrophil predomi-
nance may be seen early in up to two-thirds of cases, with a
tendency toward a shift to a lymphocyte predominance on
follow-up lumbar puncture performed within 6–48 hours.
Several authorities have suggested that in patients with a clin-
ical diagnosis of viral meningitis and a neutrophil predomi-
nance on initial CSF analysis, a shift to a mononuclear pre-
dominance within 6–8 hours (in patients who have not
received antimicrobial therapy) suggests a viral cause. Other
studies have contradicted these findings. If the decision is
made to withhold initial antibiotics in the patient who ap-
pears to have viral meningitis, the patient should be observed
carefully, and antimicrobial therapy should be administered
if there is evidence of clinical deterioration or if a repeat CSF
analysis fails to reveal the typical lymphocyte predominance.
Measurement of serum C-reactive protein (CRP) or procalci-
tonin may also be useful in discriminating between bacterial
and viral meningitis, as they tend to be elevated in patients

with acute bacterial meningitis (4). In patients with acute
meningitis in whom the CSF Gram stain is negative, serum
concentrations of CRP or procalcitonin that are normal or be-
low the limit of detection have a high negative predictive
value for the diagnosis of bacterial meningitis. These patients
can be carefully observed without initiation of antimicrobial
therapy. However, the decision regarding hospital admission
must be individualized and depend upon the clinical pre-
sentation, the level of concern by the clinician for the diag-
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TABLE 70.2
IMPORTANT NONINFECTIOUS CAUSES AND
DISEASES OF UNKNOWN CAUSE LEADING TO
THE MENINGITIS SYNDROME

Systemic illnesses
Systemic lupus erythematosus
Sarcoidosis
Behçet’s disease
Granulomatous angiitis

Medications
Antimicrobial agents (trimethoprim–sulfamethoxazole, 

ciprofloxacin, penicillin, isoniazid)
Nonsteroidal anti-inflammatory agents
Muromonab-CD3 (OKT3)
Cytosine arabinoside (high-dose)
Immunoglobulin

Procedure-related
Postneurosurgery
Spinal anesthesia
Intrathecal injections

Malignancies
Lymphomatous meningitis
Carcinomatous meningitis
Leukemia

Tumors and cysts
Craniopharyngioma
Dermoid or epidermoid cyst

Miscellaneous
Seizures
Migraine or migraine-like syndromes
Mollaret’s meningitis

Figure 70.1. Algorithm for initial management of patients with
acute bacterial meningitis. See text for specific recommendations
on use of adjunctive dexamethasone. CNS, central nervous system;
CSF, cerebrospinal fluid; LOC, level of consciousness.

Suspicion of Bacterial Meningitis

Absent Present

Obtain blood
cultures and

lumbar
puncture STAT

Obtain blood cultures

Dexamethasone plus empirical
antimicrobial therapy (Table 70.4)

CT scan of head

Papilledema and/or focal neurological deficits
(excluding ophthalmoplegia), immunocompromised state,
history of CNS disease, altered LOC, new onset seizure

No mass
lesion

Mass lesion
present

Gram stain positive

YesNo

Dexamethasone
plus empirical
antimicrobial

therapy
(Table 70.4)

Dexamethasone
plus specific
antimicrobial

therapy
(Table 70.3)

CSF consistent with bacterial 
meningitis

Consider
alternative
diagnosis
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nosis of bacterial meningitis, and the ability to carefully ob-
serve the patient and ensure close follow-up.

Initial Therapy

Figure 70.1 shows the initial approach to management in
the patient with presumed bacterial meningitis. Patients
without focal neurologic deficits or papilledema should
undergo rapid lumbar puncture to determine whether the
CSF formula is consistent with that diagnosis. If purulent
meningitis is present, targeted antimicrobial therapy
should be initiated based on results of the Gram stain
(Table 70.3). However, if these means can identify no
causative agent or if performance of the lumbar puncture is
delayed, empiric antimicrobial therapy should be initiated
based on the patient’s age and underlying disease status
(Table 70.4). In patients who present with a focal neuro-
logic examination or papilledema and in whom bacterial
meningitis is suspected, a computed tomography (CT) scan
of the head should be performed prior to lumbar puncture
to rule out the presence of an intracranial mass lesion.
However, because the time involved in waiting for a CT
scan significantly delays performance of lumbar puncture
and initiation of appropriate therapy, emergent empiric
antimicrobial therapy, after obtaining blood cultures, must
be initiated before sending the patient to the CT scanner
(Table 70.5). Although empiric antimicrobial therapy prior

to lumbar puncture may decrease the yield of subsequent
CSF cultures, the CSF formula, Gram stain, and/or mea-
surement of serum concentrations of CRP or procalcitonin
likely will provide evidence for or against the diagnosis of
bacterial meningitis. Some clinicians routinely order CT
scans of the head before performing a lumbar puncture in
adult patients with suspected bacterial meningitis. In a
study of 301 patients with bacterial meningitis (5), the
baseline clinical features associated with an abnormal find-
ing on CT scan were an age of at least 60 years, immuno-
compromise, a history of central nervous system disease, a
history of seizure in the week before presentation, and the
following neurologic abnormalities: an abnormal level of
consciousness, an inability to answer two consecutive ques-
tions correctly or to follow two consecutive commands,
gaze palsy, abnormal visual fields, facial palsy, arm drift,
leg drift, and abnormal language. Although the decision to
perform a CT scan prior to lumbar puncture must be
individualized, these are useful guidelines in determining
specific groups that are unlikely to have abnormal findings
on neuroimaging studies.

In addition, many patients presenting with suspected or
proven bacterial meningitis should receive adjunctive dex-
amethasone therapy (6,7). Several clinical trials in infants and
children with predominantly H. influenzae type b meningi-
tis demonstrated that adjunctive dexamethasone decreases
morbidity, with a lower incidence of neurologic and
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TABLE 70.3
SPECIFIC ANTIMICROBIAL THERAPY FOR BACTERIAL MENINGITIS

Microorganism Standard therapy Alternative therapies

Streptococcus pneumoniae
Penicillin MIC � 0.1 mcg/mL Penicillin G or ampicillin 3rd-generation cephalosporina; chloramphenicol
Penicillin MIC 0.1–1.0 mcg/mL 3rd-generation cephalosporina Meropenem, cefepime
Penicillin MIC � 2.0 mcg/mL Vancomycin plus 3rd-generation Meropenem; 3rd-generation cephalosporinb

cephalosporina,b plus rifampin; fluoroquinoloned

Neisseria meningitidis Penicillin G or ampicillinc or Chloramphenicol; fluoroquinolone
3rd-generation cephalosporina

Haemophilus influenzae
�-lactamase-negative Ampicillin 3rd-generation cephalosporina; chloramphenicol;

aztreonam
�-lactamase-positive 3rd-generation cephalosporina Chloramphenicol; aztreonam; fluoroquinolone

Enterobacteriaceae 3rd-generation cephalosporina Meropenem; aztreonam; fluoroquinolone; 
trimethoprim–sulfamethoxazole

Pseudomonas aeruginosa Ceftazidimec or cefepimec Meropenemc; aztreonamc; fluoroquinolonec

Listeria monocytogenes Ampicillin or penicillin Gc Trimethoprim–sulfamethoxazole
Streptococcus agalactiae Ampicillin or penicillin Gc 3rd-generation cephalosporina

(Group B)
Staphylococcus aureus

Methicillin-sensitive Nafcillin or oxacillin Vancomycin; meropenem
Methicillin-resistant Vancomycin Linezolid

Staphylococcus epidermidis Vancomycinb Linezolid

a Cefotaxime or ceftriaxone.
b Addition of rifampin should be considered.
c Addition of an aminoglycoside should be considered.
Gatifloxacin or moxifloxacin: no data available for clinical use in patients with meningitis.
MIC, minimum inhibitory concentration.
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audiologic sequelae. Thus, adjunctive dexamethasone
should be used routinely in all infants and children with H.
influenzae type b meningitis at a dosage of 0.15 mg/kg every
6 hours for 2–4 days. If it can be given with or before an-
timicrobial therapy, dexamethasone should also be used in
children with pneumococcal meningitis. In adult patients
with bacterial meningitis, the routine use of adjunctive dex-
amethasone has been controversial until recently. In a
prospective, randomized, double-blind trial in 301 adults
with bacterial meningitis, adjunctive dexamethasone was
associated with a reduction in the proportion of patients
with unfavorable outcomes, including death (8). The bene-
fits were most striking in the subgroup of patients with
pneumococcal meningitis and in those with moderate-to-
severe disease, as assessed by the score on the Glasgow
Coma Scale at the time of admission. On the basis of these
data and the apparent absence of serious adverse outcomes
in patients who received dexamethasone, the routine use of
adjunctive dexamethasone is warranted in most adults with pneu-
mococcal meningitis; dexamethasone can be given with or
just before the first dose of an antimicrobial agent (9). Ad-
junctive dexamethasone should not be used in patients who
have already received antimicrobial therapy. If the etiology
of meningitis is subsequently found not to be S. pneumoniae,
dexamethasone therapy should be discontinued. The use of
adjunctive dexamethasone is of particular concern, how-
ever, in patients with pneumococcal meningitis caused by
penicillin-resistant or cephalosporin-resistant strains who
are treated with vancomycin, as a diminished CSF inflam-
matory response may significantly reduce CSF vancomycin
penetration and potentially delay CSF sterilization. In the

TABLE 70.5
MAXIMAL RECOMMENDED DOSAGES OF
ANTIMICROBIAL AGENTS FOR BACTERIAL
MENINGITIS IN ADULTS WITH NORMAL RENAL
AND HEPATIC FUNCTION

Antimicrobial Dosing 
agent Total daily dose interval, h

Amikacina 15 mg/kg 8
Ampicillin 12 g 4
Aztreonam 6–8 g 6–8
Cefepime 6 g 8
Cefotaxime 8–12 g 4–6
Ceftazidime 6 g 8
Ceftriaxone 4 g 12–24
Chloramphenicolb 4–6 g 6
Ciprofloxacin 800–1200 mg 8–12
Gentamicina 5 mg/kg 8
Meropenem 6 g 8
Nafcillin 9–12 g 4
Oxacillin 9–12 g 4
Penicillin G 24 million units 4
Rifampinc 600 mg 24
Tobramycina 5 mg/kg 8
Trimethoprim– 10–20 mg/kg 6–12

sulfamethoxazoled

Vancomycina,e 30–45 mg/kg 8–12

Unless indicated, therapy is administered intravenously.
a Need to monitor peak and trough serum concentrations.
b Higher dose recommended for pneumococcal meningitis.
c Oral administration.
d Dosage based on trimethoprim component.
e May need to monitor cerebrospinal fluid concentrations in severely ill
patients.

TABLE 70.4
EMPIRIC THERAPY OF PURULENT MENINGITIS

Predisposing factor Common bacterial pathogens Antimicrobial therapy

Age
1–23 months Haemophilus influenzae, Neisseria meningitidis, Vancomycin plus a 3rd-generation cephalosporina,

Streptococcus pneumoniae, Streptococcus or vancomycin plus ampicillin plus
agalactiae, Escherichia coli chloramphenicol

2–50 y Streptococcus pneumoniae, Neisseria meningitidis Vancomycin plus a 3rd-generation cephalosporina

Older than 50 y Streptococcus pneumoniae, Neisseria meningitidis, Vancomycin plus ampicillin plus a 3rd-generation 
Listeria monocytogenes, aerobic Gram-negative cephalosporina

bacilli
Basilar skull fracture Streptococcus pneumoniae, Haemophilus influenzae, Vancomycin plus a 3rd-generation cephalosporina

group A streptococci
Head trauma; Staphylococcus aureus, Staphylococcus epidermidis, Vancomycin � either ceftazidime or cefepime

postneurosurgery aerobic Gram-negative bacilli (including
Pseudomonas aeruginosa)

Cerebrospinal fluid Staphylococcus epidermidis, Staphylococcus aureus, Vancomycin � either ceftazidime or cefepime
shunt aerobic Gram-negative bacilli (including

Pseudomonas aeruginosa), diphtheroids

a Cefotaxime or ceftriaxone.
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study cited above, only 78 of 108 CSF cultures that were
positive for S. pneumoniae were submitted for in vitro sus-
ceptibility testing, and all were susceptible to penicillin, a
finding that is unusual in many areas of the world. In pa-
tients with pneumococcal meningitis caused by strains that
are highly resistant to penicillin or cephalosporins and who
do receive corticosteroids, careful observation and follow-
up are critical.

Indications for Early Consultation

All patients with suspected bacterial meningitis should
receive infectious diseases consultation to assist with an-
timicrobial therapy, especially in view of recent trends in
the susceptibility of meningeal pathogens to standard
antimicrobial therapy (see later in this chapter). The
infectious diseases consultant also can assist with ensuring
adequate antimicrobial dosages and dosing intervals,
which are generally different from those for treating infec-
tions outside the central nervous system.

In patients with bacterial meningitis who have evidence
of focal neurologic signs, seizures, or signs of increased in-
tracranial pressure, neurology or neurosurgery consultation
is recommended. Status epilepticus that is continuous for
90 minutes or longer can cause permanent neurologic
sequelae (Chapter 118). Early termination of seizure activ-
ity usually can be accomplished using a short-acting anti-
convulsant with a rapid onset of action (e.g., lorazepam or
diazepam). A long-acting anticonvulsant then should be
administered immediately. If this approach fails to control
seizure activity, the patient should be intubated, mechani-
cally ventilated, and treated with phenobarbital.

Patients with elevated intracranial pressure may benefit
from neurosurgical insertion of an intracranial pressure
monitoring device (Chapter 117). Pressures exceeding 20
mm Hg are abnormal and should be treated; there is also
rationale for treating smaller pressure elevations (i.e.,
above 15 mm Hg) to avoid larger elevations, or so-called
plateau waves, that can lead to cerebral herniation and ir-
reversible brain-stem injury. Methods available to reduce
elevated intracranial pressure include elevation of the head
of the bed to 30°, hyperventilation to maintain the partial
carbon dioxide pressure (PaCO2) between 27 and 30 mm
Hg, use of hyperosmolar agents, and use of corticosteroids
(for details, see Chapter 117). Some experts have ques-
tioned the routine use of hyperventilation to reduce
intracranial pressure in patients with bacterial meningitis.
In infants and children with bacterial meningitis and evi-
dence of cerebral edema on CT scan, hyperventilation may
reduce intracranial pressure at the expense of significant re-
ductions in cerebral blood flow. However, a controlled trial
exploring this issue has yet to be performed. Patients whose
intracranial pressure continues to be elevated despite these
measures may be treated with high-dosage pentobarbital
therapy, with appropriate intracranial, electroencephalo-
graphic, and hemodynamic monitoring. Pentobarbital is

administered until the intracranial pressure is reduced be-
low 20 mm Hg or the electroencephalogram demonstrates
a burst-suppression pattern. This mode of treatment for el-
evated intracranial pressure in bacterial meningitis is of un-
proven benefit and must be considered experimental.

ISSUES DURING THE COURSE
OF HOSPITALIZATION

Following definitive identification and susceptibility test-
ing of the pathogen causing meningitis, antimicrobial ther-
apy should be modified for optimal treatment. Table 70.3
shows the recommendations for therapy of causative mi-
croorganisms of bacterial meningitis; recommended
dosages in adults with normal renal and hepatic function
are in Table 70.5 (3).

One microorganism deserves special comment. The ther-
apy of meningitis caused by S. pneumoniae recently has been
modified based upon current pneumococcal susceptibility
patterns, with emergence of strains that are both relatively
and highly resistant to penicillin G (3,10). Based upon these
antimicrobial susceptibility trends and because sufficient
CSF concentrations of penicillin are difficult to achieve
with standard high parenteral dosages, penicillin can no
longer be recommended as empiric antimicrobial therapy if
S. pneumoniae is considered a likely pathogen in a patient with
purulent meningitis. Patients with pneumococcal meningitis
should be considered to have a highly resistant strain upon
organism identification and treated with the combination
of vancomycin plus a third-generation cephalosporin (ei-
ther cefotaxime or ceftriaxone). If the physician determines
that the organism is susceptible to penicillin (minimum
inhibitory concentration [MIC] �0.1 mcg/mL), penicillin G
or ampicillin can be used. If the organism is relatively resis-
tant to penicillin (MIC between 0.1 and 1.0 mcg/mL), a
third-generation cephalosporin (cefotaxime or ceftriaxone)
is recommended. However, if the organism is highly resis-
tant to penicillin (MIC �2.0 mcg/mL), the combination of
vancomycin plus the third-generation cephalosporin
should be continued for the full treatment course. This is
based on anecdotal reports of vancomycin treatment failure
in pneumococcal meningitis and from experimental data in
which the combination of vancomycin and the third-
generation cephalosporin was synergistic in the therapy of
meningitis caused by highly penicillin-resistant pneumo-
cocci. The addition of rifampin or use of the combination
of a third-generation cephalosporin plus rifampin should
be considered in patients with documented infection
caused by penicillin-resistant or cephalosporin-resistant
S. pneumoniae, especially if dexamethasone is administered.
Meropenem, a carbapenem with less proconvulsive activity
than imipenem, yields microbiologic and clinical outcomes
similar to either cefotaxime or ceftriaxone. The newer
fluoroquinolones (e.g., levofloxacin, moxifloxacin, gati-
floxacin) are active in vitro against resistant pneumococci;
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one study found trovafloxacin to be therapeutically equiva-
lent to ceftriaxone with or without vancomycin for
treatment of bacterial meningitis (11). However, more
clinical trials are needed before these agents can be
recommended for use in patients with pneumococcal
meningitis.

Strains of N. meningitidis with intermediate resistance to
penicillin have been reported, accounting for about 3% of
isolates in the United States (12). The clinical significance
of these isolates is unclear because most patients with
meningitis caused by these organisms have recovered with
standard penicillin therapy. However, isolated reports of
penicillin treatment failure have been described. Based on
these data, some authorities would treat patients who
have meningococcal meningitis with a third-generation
cephalosporin (either cefotaxime or ceftriaxone) pending
results of in vitro susceptibility testing.

Following the initiation of appropriate antimicrobial
therapy in patients with acute bacterial meningitis, evi-
dence of clinical improvement (represented by increased
responsiveness) is usually seen within 2–4 days, with most
patients becoming afebrile within 4–5 days (2–3 days for
meningococcal meningitis). Table 70.6 shows the ap-
proach to patients who fail to improve or who develop
complications.

Unfortunately, many patients with bacterial meningitis
develop complications. The major central nervous system
complications include cerebrovascular involvement, brain

swelling, hydrocephalus, and intracerebral hemorrhage. In
addition, systemic complications include septic shock,
acute respiratory distress syndrome, and disseminated
intravascular coagulation. Patients with bacterial meningi-
tis must be monitored carefully for these complications,
and appropriate therapeutic measures must be taken.

DISCHARGE ISSUES AND COST
CONSIDERATIONS

Patients with acute bacterial meningitis must be treated
with appropriate dosages of intravenous antimicrobial
therapy for a full duration of therapy (Table 70.7) (3,10).
Oral antimicrobial therapy is not recommended, and the
intramuscular mode of administration is also discouraged
because CSF penetration of antimicrobial therapy dimin-
ishes with reduction of meningeal inflammation. Tradi-
tionally, patients with bacterial meningitis have been hos-
pitalized for the duration of parenteral antimicrobial
therapy. Several recent studies have suggested that outpa-
tient therapy is appropriate for selected cases of pediatric
meningitis, based on data that the complications of menin-
gitis occur most frequently within the first 2–3 days and
that serious adverse complications are exceedingly rare af-
ter 3–4 days of antimicrobial therapy. The advantages of
home therapy include decreased costs of hospitalization
and decreased risk of development of nosocomial infec-
tions, as well as the psychologic, physical, and nutritional
benefits. Basic criteria have been suggested for use of out-
patient antimicrobial therapy in pediatric patients with
bacterial meningitis (3). These guidelines advocate outpa-
tient therapy for patients who have received inpatient ther-
apy for at least 6 days and have no significant neurologic
dysfunction, focal findings, or seizure activity; are clinically
stable and taking fluids by mouth; have received at least
one dose of the outpatient antimicrobial agent in the hos-
pital; have access to home health nursing for the adminis-
tration of the antimicrobial; have a daily examination by a
physician; and have reliable parents with transportation
and a telephone. Although not validated, these guidelines

690 Section VII: Infectious Diseases

TABLE 70.6
APPROACH TO COMPLICATIONS DURING
HOSPITALIZATION IN PATIENTS WITH
BACTERIAL MENINGITIS

Problem/complication Recommended approach

Seizures Close observation in ICU; 
administration of 
anticonvulsants; neuroimaging 
(CT or MR)

New focal neurologic deficit Neuroimaging (CT or MR); 
neurologic consultation

Increased intracranial Neurosurgical consultation
pressure (ICP)/
Hydrocephalus

Subdural effusion Observe; aspirate if patient 
develops focal neurologic 
findings and/or increased ICP 
or if clinical suspicion of 
empyema exists

Inappropriate secretion of Fluid restriction; nephrology 
antidiuretic hormone consultation

Fever beyond 5 d Evaluate for subdural effusion, 
disease at other foci, and 
nosocomial infection; repeat 
CSF analysis if clinically 
indicated; consider drug fever if 
patient has clinically improved

TABLE 70.7
DURATION OF THERAPY OF BACTERIAL
MENINGITIS

Microorganism Duration of therapy, da

Streptococcus pneumoniae 10–14
Neisseria meningitidis 7
Haemophilus influenzae type b 7
Enteric Gram-negative bacilli 21
Listeria monocytogenes �21
Streptococcus agalactiae 14–21

a These are general recommendations; individual therapy may be
different based upon clinical response.
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also may be appropriate for adult patients, provided that
compliance can be assured and the patient is in a safe envi-
ronment, with access to a telephone, utilities, food, and a
refrigerator (13). In addition, completion of antimicrobial
therapy in a skilled nursing facility may be appropriate for
selected patients who need continued care but do not re-
quire acute hospitalization.

Despite the availability of effective antimicrobial therapy,
the morbidity and mortality rates from bacterial meningitis
remain unacceptably high. In a review of almost 500 cases of
acute bacterial meningitis in adults, the overall case fatality
rate was 25% and did not vary significantly over the 27-year
period of the study (14). Among patients with single
episodes of bacterial meningitis, the in-hospital mortality
rate was 25% in those with community-acquired meningitis
and 35% in those with nosocomial meningitis. The three fac-
tors associated with a higher overall mortality rate were age
older than 60 years, obtunded mental state on presentation,
and onset of seizures within 24 hours of admission.

Furthermore, patients must be monitored carefully for
long-term complications of bacterial meningitis. Persistent
neurologic sequelae in infants and children with bacterial
meningitis have included sensorineural hearing loss, seizure
disorder, hemiplegia, and mental retardation. In a recent
study that assessed neuropsychological outcome in 51 adults
with bacterial meningitis and otherwise good recovery, a
cognitive disorder was found in 27% of the patients with
pneumococcal meningitis (15). Further studies are needed,
however, to make decisions about planning neuropsycho-
logical follow-up in patients with bacterial meningitis to de-
termine who is at risk for these complications.

KEY POINTS

■ The epidemiology of bacterial meningitis has changed
significantly in the past several years following introduc-
tion of H. influenzae type b conjugate vaccines, drama-
tically reducing the threat of H. influenzae type b
meningitis in infants and children.

■ Targeted or empiric antimicrobial therapy, based on the
patient’s age and underlying disease status, should be
initiated as soon as possible in patients with presumed
bacterial meningitis.

■ Antimicrobial therapy should never be delayed while
awaiting tests such as CT scans.

■ Adjunctive dexamethasone therapy has been shown to
reduce morbidity in infants and children with acute H.
influenzae type b and S. pneumoniae meningitis. Adjunc-
tive dexamethasone, administered concomitant with
or immediately prior to the first dose of antimicrobial
therapy, should also be used in adult patients with sus-
pected pneumococcal meningitis.

■ Empiric antimicrobial therapy for meningitis caused by
S. pneumoniae should consist of vancomycin plus a

third-generation cephalosporin (either cefotaxime or
ceftriaxone), pending results of susceptibility testing.

■ Complications of bacterial meningitis, including
seizures and increased intracranial pressure, must be
recognized and treated aggressively.

■ Selected patients with bacterial meningitis may be
considered for outpatient antimicrobial therapy.
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Endocarditis
Paul M. Sullam

INTRODUCTION

Despite long-standing research interest, improved diagnos-
tic modalities, and the use of antimicrobial agents for
prophylaxis, infective endocarditis remains an important
medical problem. The overall incidence of this disease has
not changed over several decades (1.8–11.6 cases per
100,000 population). Endocarditis is still associated with
mortality rates of 16%–30%, even with the prompt initia-
tion of therapy. In addition, the management of patients
with endocardial infection has become increasingly com-
plicated because of the emergence of new populations at
risk, the application of echocardiography to stage the
infection, and the increasing prevalence of drug-resistant
microbes.

In view of these issues, the evaluation and treatment of
individuals with endocardial infection requires consider-
able expertise in a variety of disciplines. This chapter
provides an overview of the key aspects of managing such
patients. Prosthetic valve endocarditis is reviewed in
Chapter 41, and antibiotic prophylaxis is discussed in
Chapter 30 (Tables 30.6 and 30.7).

ISSUES AT THE TIME OF ADMISSION

Clinical Presentation

Endocarditis is a relatively uncommon disease, with an es-
timated 10,000–15,000 cases per year in the United
States. Patients with underlying structural heart abnormal-
ities are at markedly increased risk for infection (Table
71.1), and such defects can often be identified retrospec-
tively in many patients with endocardial infection. In-
creasingly, however, patients are being diagnosed in
whom no predisposing condition can be implicated. In
fact, given that in approximately 50% of cases no under-
lying cardiac abnormality can be detected (1), the absence

of a detectable underlying abnormality does not exclude
the possibility of infection.

The clinical manifestations of endocarditis are highly
variable. Most patients have generalized constitutional
symptoms, suggesting infection or chronic illness (Table
71.2). In some patients, the predominant manifestations of
endocarditis stem from systemic embolization, presenting
as a stroke, splenic pain, or sudden loss of limb perfusion.
Intravenous drug users tend to develop tricuspid valve en-
docarditis, which may produce pulmonary emboli, often
multiple. Signs of cardiac involvement may predominate,
presenting as progressive congestive heart failure or palpi-
tations. Although findings such as Osler nodes or Janeway
lesions strongly indicate the presence of endocarditis, these
symptoms are distinctly unusual (5%–10% of patients).
Murmurs are present in 80% or more of patients, but these
are mainly preexisting systolic murmurs. A changing or
pathologic murmur was found in only 5% of patients in
older series, but some more recent studies report a fre-
quency of 35%–59% (2).

Differential Diagnosis and Initial Evaluation

Because the clinical manifestations of infective endocardi-
tis are protean and usually not pathognomonic, the differ-
ential diagnosis of this disease is quite broad. A patient
who presents with fever, malaise, and other generalized
signs may appear to have rheumatic fever, influenza, tuber-
culosis, osteomyelitis, occult abscess, underlying malig-
nancy, or collagen vascular disease. Local findings, such as
stroke, may lead to an initial diagnosis of atherosclerotic
thromboembolic disease. Occasionally, patients are diag-
nosed after an initial evaluation for anemia or hematuria.

Thus, the diagnosis of endocarditis requires the presence
of a constellation of symptoms in conjunction with mi-
crobiologic or echocardiographic findings. Infective en-
docarditis should be considered in any patient with
unexplained fever for longer than one week, especially if an

71
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underlying cardiac abnormality is present. Endocarditis
also should be suspected in persons with unexplained
embolic phenomena, splenomegaly, or cardiac valve dys-
function. In addition, the diagnosis should be entertained
in patients with idiopathic bacteremia, especially if caused
by Gram-positive cocci. In fact, studies suggest that endo-
carditis should be considered in all patients with bac-
teremia due to Staphylococcus aureus, even if this occurs
within a nosocomial setting or if an infected intravascular
device is present (3).

Role of the Microbiology Laboratory

Blood cultures have remained an essential aspect of man-
aging patients with infective endocarditis. Because patients

with endocarditis usually have sustained bacteremia, the
presence of multiple positive blood cultures is strongly
indicative of endocardial infection. Recovery of a specific
pathogen also allows testing in vitro for antimicrobial
sensitivities, which facilitates the selection of effective
antimicrobial therapy. In addition, blood cultures are valu-
able for monitoring the response of the patient to therapy
(see later in this chapter). Thus, blood cultures should be
obtained in all patients with suspected endocarditis.

The exact number needed depends in part on the
underlying pathogen. For viridans-group streptococci, a sin-
gle 10-mL blood sample is positive in 90% of patients, and,
if three specimens are obtained, at least one is positive in
98% of cases. Similar high rates of recovery have been re-
ported for staphylococci. Thus, for endocarditis caused by
the most prevalent organisms, three blood cultures
obtained one hour or more apart should be adequate. The
detection of fastidious organisms, such as Legionella or
Bartonella species, may require a larger number of blood
samples or specialized culture techniques. Blood cultures
also may be falsely negative in patients already receiving an-
tibiotics. In such cases, specialized blood-collection systems
that remove antibiotics can be used to improve recovery. For
some pathogens, such as Coxiella burnetti (the agent of Q
fever), diagnosis typically involves serologic methods.

Role of Echocardiography

In patients with native valve endocarditis, transthoracic
echocardiography (TTE) can detect vegetations in about
50% of cases (range: 32%–71%) (3–5). The sensitivity of
TTE is much lower for prosthetic valve infections
(15%–30%). If a vegetation is detected by TTE, the speci-
ficity is 99% for both native valve and prosthetic infections.
Compared with TTE, transesophageal echocardiography
(TEE) is superior for evaluating patients with endocarditis.
In native valve infection, the sensitivity is at least 85%, with
more recent series reporting values of 95%–100%. In
patients with prosthetic valve infection, the sensitivity is
reduced only slightly (85%). The specificity of TEE is also
excellent for both native and prosthetic valve infection
(99%–100% in most series).

In addition to its ability to diagnosis endocarditis by
revealing vegetations, echocardiography can provide valu-
able structural, hemodynamic, and prognostic information
(Chapter 36). TEE is especially good at detecting complica-
tions such as myocardial abscesses, ruptured chordae
tendinae, perforated leaflets, or prosthetic dysfunction.
Echocardiography also can be used to quantify valve regur-
gitation or degree of cardiac failure. Such complications,
even if subclinical, may provide strong evidence in favor of
prompt surgical replacement of the infected valve. Vegeta-
tions greater than 10 mm in diameter are associated with a
significantly higher risk of embolization (6). Moreover,
vegetations that fail to regress with antimicrobial therapy
are also associated with embolic phenomena.
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TABLE 71.2
SIGNS AND SYMPTOMS OF ENDOCARDITIS

Sign Prevalence, %

Fever 60–91
Malaise 40–92
Arthralgias/myalgias 16–70
Back pain 0–13
Weight loss 17–63
Murmur (any) 80–90
Murmur: new or changing 6–59
Splenomegaly 20–60
Congestive heart failure 18–52
Central nervous system manifestations 12–26
Osler nodes 5–15
Janeway lesions 4–10
Roth spots 0–11

Ranges shown compiled from clinical series.

TABLE 71.1
CONDITIONS PREDISPOSING TO
ENDOCARDITIS: INCIDENCE AND RELATIVE
RISK OF INFECTION

Cardiac lesion Cases/100,000/y Relative risk

Prosthetic valve 450 100
Previous endocarditis 450 100
Rheumatic heart disease 350 75
Ventricular septal defect 220 48
Ventricular septal 60 13

defect—repaired
Aortic stenosis (congenital) 180 39
Pulmonic stenosis 20 4
Mitral-valve prolapse 30 7

and murmur
Mitral-valve prolapse, 4.6 1

no murmur
Normal valve 4.6 1
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Guidelines from the American College of Cardiology
and the American Heart Association summarize clinical
settings in which echocardiography is definitely or possi-
bly warranted (Table 71.3) (7). At a minimum, echocar-
diography should be considered for patients in whom the
diagnosis of infective endocarditis remains uncertain and
in patients in whom an intracardiac complication is sus-
pected. Whether TTE or TEE should be the initial mode of
evaluation remains controversial. In one cost-benefit anal-
ysis, employing TEE as the initial echocardiographic test
was more cost effective than using TEE only in selected
cases that had been first evaluated by TTE (8). TEE is
associated with a complication rate of 0.5%–1.5%;
complications can include serious events, such as
esophageal rupture. For this reason, the noninvasive TTE
remains the preferred initial procedure. In patients for
whom this evaluation is nondiagnostic, TEE should be
considered.

Duke Criteria

In an attempt to standardize the case definition of
endocarditis, a group of investigators at Duke University
developed a set of major and minor criteria for diagnosing
endovascular infection (9) (Tables 71.4 and 71.5). Using
this scoring system, patients can be stratified into categories
of definite, possible, or rejected (no endocarditis). Several in-
dependent studies have confirmed the validity of the Duke
criteria, which have sensitivity rates of 80%–89% and
specificity rates of nearly 100%, with higher values reflect-
ing recent refinements in the criteria.

Although the Duke criteria provide a useful diagnostic
framework, not all patients with suspected endocarditis
need to be formally evaluated by these standards. In many
patients, the clinical presentation, in combination with
blood culture results, is sufficient to support the diagnosis.
Moreover, in over 50% of cases identified by these guide-
lines, echocardiography provided unequivocal evidence of
endocardial infection, obviating the need for further diag-
nostic assessment. Aside from its value in a research setting,
therefore, the Duke criteria are probably best used in se-
lected cases, such as when the echocardiogram is equivocal,
technically inadequate, or not feasible.

Indications for Hospitalization

Patients with infective endocarditis generally are hospital-
ized, for several reasons. First, hospitalization may facilitate
the rapid and intensive evaluation of patients required
during the first few days of management. Second, antimi-
crobial therapy is usually given intravenously, which, until
recently, could be done only in an inpatient setting. Third,
hospitalization permits close monitoring for the embolic
and hemodynamic complications that may occur, particu-
larly during the two weeks of treatment. Notwithstanding
these advantages, several groups have proved the feasibility
of outpatient therapy, either following a few days of
hospitalization or from the onset of treatment. In most
studies, outpatient therapy was generally reserved for indi-
viduals with the best chance of an uncomplicated course;
nearly all had streptococcal endocarditis, which has the
highest rate of successful medical treatment. Patients with
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TABLE 71.3
AMERICAN COLLEGE OF CARDIOLOGY/AMERICAN HEART ASSOCIATION GUIDELINES FOR
ECHOCARDIOGRAPHY IN ENDOCARDITIS

Indication Classa (native/prosthetic valve)

1. Detection and characterization of valvular lesions, their hemodynamic severity, or I/I
ventricular compensationb

2. Detection of vegetations and characterization of lesions in patients with I/I
congenital heart disease

3. Detection of associated abnormalities (e.g., abscesses, shunts, etc.)b I/I
4. Reevaluation studies in complex endocarditis (e.g., virulent organisms, I/I

severe hemodynamic lesion, aortic valve involvement, persistent fever or bacteremia 
clinical change, or symptomatic deterioration)

5. Evaluation of patients with high clinical suspicion of culture-negative endocarditisb I/I
6. Evaluation of bacteremia without a known sourceb IIa/I
7. Risk stratification in established endocarditisb IIa/IIa
8. Routine re-evaluation in uncomplicated endocarditis during antibiotic therapy IIb/IIb
9. Evaluation of fever and nonpathological murmur without evidence of bacteremia III/(II–III)c

a Class I: evidence and/or general agreement that an echocardiography is useful; Class IIa: conflicting evidence or divergence of opinion about
usefulness, but weight of evidence/opinion favors it; Class IIb: usefulness is less well established; Class III: evidence or general opinion that
echocardiography is not useful.
b Transesophageal echocardiography (TEE) may provide incremental value in addition to information obtained by transthoracic echocardiography
(TTE). The role of TEE in first-line examination awaits further study.
c Prosthetic valves—IIa: for persistent bacteremia; III: for transient bacteremia.
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complications of endocarditis at the onset of treatment
were excluded, as were patients with underlying renal or
eighth nerve impairment who required aminoglycosides.
Under these conditions, outpatient treatment can achieve
cure rates comparable with those seen in inpatient therapy.

If ambulatory management is chosen, patients must be
carefully monitored for complications and drug toxicity. In
addition, these patients must be able to aseptically manage
long-term indwelling intravenous catheters. Finally, there
should be a high level of confidence that antimicrobials
will be administered properly, either by the patient or by a
skilled infusion service. As for when to initiate outpatient
therapy, recent guidelines recommend that most patients
receive two weeks of inpatient therapy prior to initiating
outpatient treatment (10). This approach permits close
monitoring for complications and prompt intervention if
needed.

Initiation of Antimicrobial Therapy

The selection of antibiotics for treating infective endocardi-
tis should be based on the identification of a specific

pathogen from blood cultures and in vitro assays for sensi-
tivity. Because such information may not be immediately
available at the time of diagnosis, combination therapy di-
rectly against the most likely organisms should be initiated
once blood cultures have been obtained. Empiric therapy
should be tailored to the underlying risk factors for in-
fection (Table 71.6). Thus, patients with native valve endo-
carditis should receive treatment directed against strepto-
cocci, enterococci, and Staphylococcus aureus; that is,
penicillin, nafcillin, and gentamicin. The same regimen
should be adequate for endocarditis in intravenous drug
users unless methicillin-resistant Staphylococcus aureus
(MRSA) strains are likely to be present. Infection with
MRSA should be considered in intravenous drug users who
have been hospitalized recently or in geographic regions
with a high prevalence of resistant strains (Chapter 64). If
MRSA infection is suspected, vancomycin combined with
gentamicin should be used until blood culture results and
antimicrobial sensitivities are available. For patients with
prosthetic valve infection, vancomycin should be used in
combination with an aminoglycoside and rifampin pend-
ing microbiologic results.
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TABLE 71.4
MODIFIED DUKE CRITERIA: DEFINITIONS

Major criteria

1. Positive blood culture for infective endocarditis (IE)
A. Typical microorganism for endocarditis from two separate blood cultures: viridans-group

streptococci, Streptococcus bovis, HACEK group, Staphylococcus aureus; or community-
acquired enterococci, in the absence of a primary focus; or

B. Microorganisms consistent with IE, from persistently positive blood cultures, defined as follows:
At least two positive cultures of blood samples drawn more than 12 h apart, or
All of three or a majority of four or more separate blood cultures, with first and last drawn at
least one h apart

C. Single positive blood culture for Coxiella burnetti or antiphase I IgG antibody �1:800
2. Evidence of endocardial involvement
3. Positive echocardiogram for infective endocarditis (TEE recommended in patients with prosthetic

valves, rated at least “possible IE” by clinical criteria, or complicated IE [paravalvular abscess]; TTE
as first test in other patients), defined as follows:
i. Oscillating intracardiac mass on valve or supporting structures, or in the path of regurgitant jets

or on implanted material, in the absence of an alternative anatomic explanation, or
ii. Abscess, or
iii. New partial dehiscence of prosthetic valve

4. New valvular regurgitation (increase or change in preexisting not sufficient)

Minor criteria

1. Predisposing heart condition or intravenous drug use
2. Fever: �38.0° C
3. Vascular phenomena: arterial embolisms, septic pulmonary infarcts, mycotic aneurysm, intracranial

hemorrhage, Janeway lesions
4. Immunologic phenomena: glomerulonephritis, Osler nodes, Roth spots, and rheumatoid factor
5. Microbiologic evidence: positive blood culture but not meeting a major criterion as noted above,

or serologic evidence of active infection with organism consistent with endocarditis

HACEK, Haemophilus, Actinobacillus, Cardiobacterium, Eikenella, Kingella; TEE, transesophageal
echocardiography; TTE, transthoracic echocardiography. See Table 71.5 for application of these findings.
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Once a pathogen is recovered from blood cultures, an-
timicrobial therapy should be targeted to that specific organ-
ism. The optimal regimen depends on in vitro sensitivities,
whether a native or prosthetic valve is involved, and the pa-
tient’s underlying medical condition. A detailed discussion
of all possible regimens for every endocardial pathogen is
beyond the scope of this chapter. However, recommended
regimens for native valve endocarditis caused by the most
common organisms are shown in Table 71.7. Because pros-
thetic valve endocarditis is more difficult to eradicate, this
infection requires multidrug therapy for 4–6 weeks.

ISSUES DURING THE COURSE OF
HOSPITALIZATION

Role of Consultants

The management of patients with endocarditis is com-
plex. Selection of the correct antimicrobial regimen is of-
ten not straightforward because it must be tailored to each
specific pathogen and its in vitro susceptibilities. In addi-
tion, considerable expertise is needed to manage the nu-
merous complications associated with this disease as well
as the adverse effects that can result from treatment. It is
not surprising, therefore, that errors in the management of
endocarditis are common, ranging from failure to obtain
blood cultures to inappropriate delay in surgical treat-
ment (11). Although the impact of an infectious diseases
consultant on the outcome of such cases has not been for-
mally addressed, patients with S. aureus bacteremia have
been shown to benefit significantly by this intervention.
In particular, patients who were treated according to the
recommendations of an infectious diseases specialist had
a higher rate of cure as well as lower rates of complica-
tions and relapses (12). Because it is likely that expert
guidance has a similar beneficial effect on the manage-
ment of infective endocarditis, all patients with this
disease should be evaluated by an infectious diseases
specialist.

Patients with evidence of mechanical complications or
congestive heart failure should be evaluated promptly by a
cardiologist. Relevant issues include the need for hemody-
namic monitoring, temporary pacing, and valve replace-
ment. Patients with prosthetic valve infection are more
likely to develop complications requiring valve replace-
ment and thus should be seen by both a cardiologist and a
surgeon. These specialists can also help obtain previous
data from invasive and noninvasive studies or observations
from the time of surgery. Such information can be critical
in determining whether there has been a change in valve
function over time.
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TABLE 71.5
DUKE CRITERIA

Definite endocarditis

Pathologic criteria
(1) Microorganisms: demonstrated by culture or histology in a

vegetation, embolus, or intracardiac abscess or
(2) Pathologic lesions: vegetations or intracardiac abscess

present, confirmed by histology showing active endocarditis
Clinical criteria (as defined in Table 71.4)

(1) Two major criteria, or
(2) One major � three minor criteria, or
(3) Five minor criteria

Possible infective endocarditis

(1) One major criterion and one minor criterion, or
(2) Three minor criteria

Rejected

(1) Firm alternative diagnosis explaining evidence of infective
endocarditis, or

(2) Resolution of manifestations with antibiotic therapy for four d
or less, or

(3) No pathologic evidence of infective endocarditis at surgery or
autopsy, after antibiotic therapy of four d or less, or

(4) Does not meet criteria for possible infective endocarditis, as
above

TABLE 71.6
MICROBIOLOGY OF INFECTIVE ENDOCARDITIS IN DIFFERENT RISK GROUPS

Prosthetic valve 

Microorganism recovered
endocarditis

(% of cases) Native valve endocarditis Intravenous drug users Early Late

Viridans-group streptococci 50 20 7 30
Staphylococcus aureus 19 67 17 12
Coagulase-negative staphylococci 4 9 33 26
Enterococci 8 7 2 6
Miscellaneous 19 7 41 26
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Monitoring Response to Therapy

Day 1

On the first day of hospitalization, patients should be care-
fully evaluated for evidence of endocarditis-associated compli-
cations. In particular, signs of valve dysfunction, congestive
heart failure, conduction abnormalities, and peripheral
embolization should be sought. If such signs are present,
the patient may be a candidate for surgical valve replace-
ment (see later in this chapter). Intravenous antibiotic
therapy should be initiated immediately after collecting
three sets of blood cultures. Additional routine tests, such
as a complete blood count, electrocardiogram, and chest
radiograph, should be obtained.

Days 2 Through 7

During the first week of hospitalization, patients should be
evaluated daily for a response to therapy. Fever usually
resolves after one or two days of treatment in cases of

streptococcal endocarditis and by day 7 in patients with
endocarditis caused by Staphylococcus aureus. Patients also
should be examined daily for signs of embolization and
other complications because these occur predominantly
during the first week of treatment. Complications occur
frequently during this period (9), even if patients are diag-
nosed and treated promptly (Table 71.8). Serum concen-

TABLE 71.7
TREATMENT REGIMENS FOR INFECTIVE ENDOCARDITIS

Organism Regimens Comments

Viridans-group streptococci Prosthetic valves: 6 wks penicillin � 2 wks of 
gentamicin initially

Penicillin MIC �0.1 mcg/mL 1) Penicillin (2–3 � 106 U IV Q4 h) � 4 wks Vancomycin (1 g Q12 h) � 4 wks for patients 
2) Ceftriaxone (2 g IV QD) � 4 wks with hypersensitivity to �-lactam 
3) Penicillin � gentamicin (1 mg/kg Q8 h) antibiotics

� 2 weeks
Penicillin MIC �0.1 to 0.5 mcg/mL Penicillin � 4 wks � gentamicin (1 mg/kg 

Q8 h) � 2 weeks
Penicillin MIC �0.5 mcg/mL Penicillin � gentamicin � 4–6 weeks

Staphylococcus aureus 1) Nafcillin (1.5–2 gms Q4 h) � 4–6 wks 
� gentamicin � 3–5 d

2) Nafcillin � gentamicin � 2 wks Uncomplicated right-sided disease only
3) Vancomycin � 4 wks � gentamicin � 3–5 d Vancomycin should be used only in MRSA

infections or if serious penicillin allergy is
present. Combination therapy is
recommended for prosthetic valves

Enterococci 1) Penicillin � gentamicin � 4–6 wks 6 wk therapy if symptoms �3 mo
2) Vancomycin � gentamicin � 4–6 wks

Coagulase negative staphylococci 1) Vancomycin � rifampin (300 mg PO Q8 h) Add rifampin and gentamicin for prosthetic 
(S. epidermidis, etc.) � 4–6 wks � gentamicin (1 mg/kg Q8 h) valves; ?native valves

� 2 wks
2) Nafcillin � 4–6 wks Most strains are resistant to nafcillin: check 

MICs/MBCs
Gram-negative enterics (e.g., Gentamicin (5 mg/kg/d) � ureidopenicillin Response to medical treatment alone is 

Pseudomonas) � 4–6 wks � surgical consultation variable
HACEK group 1) Ceftriaxone � 4 wks Check in vitro sensitivities

2) Ampicillin (2 g Q4 h) � gentamicin 
(5 mg/kg/d) � 4 wks

Fungi Amphotericin B (0.6–1.0 mg/kg/d) � surgery
Culture negative 1) Ampicillin � nafcillin � 4 wks � gentamicin Native valves

� 2 wks
2) Vancomycin � gentamicin � 4–6 wks Prosthetic valves

HACEK, Haemophilus, Actinobacillus, Cardiobacterium, Eikenella, Kingella.

TABLE 71.8
COMPLICATIONS OF ENDOCARDITIS

Complication Incidence, %

Congestive heart failure 17–41
Aortic insufficiency 6–21
Myocardial abscess 2–10
Stroke 17–43
Mycotic aneurysm 1–6
Peripheral embolization 8–10
Renal involvement 7–27
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trations of aminoglycosides should be measured if these
agents are to be used for more than a week. In selected pa-
tients, vancomycin levels help to confirm that therapeutic
concentrations have been achieved or to avoid toxicity.

Week 2

The second week of therapy is an important time point for
assessing response to antimicrobials. Fever lasting longer than
7–9 days suggests myocardial abscess formation, em-
bolization, or metastatic foci of infection. Such patients
should undergo echocardiography to look for structural
complications. When clinical or laboratory findings
indicate a site of embolization (e.g., the brain), computed
tomography or magnetic resonance imaging may be war-
ranted. Because blood cultures usually are sterile by the
second week of successful therapy, all patients should have
repeat blood cultures obtained in week 2. Persistent bac-
teremia is indicitive of complications and requires further
evaluation. Additional parameters to be followed during
this period are liver and renal function, and antibiotic lev-
els. Moreover, patients should continue to be monitored
for evidence of valve dysfunction.

The second week of therapy is also a useful time to
identify potential sources of bacteremia that led to endocardial
infection. The anatomic sites to be evaluated should be
directed by the organism recovered from the initial blood
cultures. Patients with streptococcal endocarditis should be
examined for dental disease. Patients with endocarditis due
to Streptococcus bovis are at increased risk for occult bowel
pathology and therefore should be evaluated for lesions
such as colonic carcinoma.

For some patients, therapy is completed at the end of 14
days. At the time of discharge, these patients should be eval-
uated as described below. Patients receiving 4–6 weeks of to-
tal therapy should continue to be evaluated for the onset of
complications or drug-related toxicities until the completion
of therapy. Issues for these patients at the end of therapy are
identical to those receiving short-course treatment.

Indications for Valve Replacement

Despite prompt antimicrobial treatment, 14%–49% of pa-
tients with infective endocarditis require cardiac surgery.
Indications for surgery include infection with an untreat-
able organism (e.g., fungi), development of congestive
heart failure, mechanical complications (e.g., cusp fenes-
tration or papillary muscle rupture), myocardial abscess
formation, repeated large or critical vessel embolization
(e.g., cerebral or coronary), and persistent bacteremia (13).
Once these indications have become apparent, surgery should be
performed promptly. This is because delay may increase the
risk for further complications (which may be catastrophic),
and valve surgery in patients with endocarditis is not in-
trinsically more risky than the same procedure in unin-
fected individuals. In fact, stratified by degree of congestive

heart failure, patients undergoing valve replacement for ac-
tive endocarditis have rates of survival comparable to those
undergoing elective valve surgery. Moreover, the incidence
of subsequent prosthetic valve infection is not increased in
patients having valve replacement for active endocarditis.

ISSUES AT THE TIME OF DISCHARGE OR
COMPLETION OF THERAPY

Although patients with endocarditis traditionally received
therapy exclusively in the hospital, many inpatients now
successfully complete treatment in other settings, such as
skilled nursing facilities, infusion centers, or home. To be
eligible for discharge before completion of therapy, sev-
eral criteria should be met. First, the patient should be
free of complications that might require prompt surgical
intervention, such as significant valve dysfunction. Sec-
ond, the antimicrobial regimen selected should be un-
likely to require intensive monitoring or dosage changes
resulting from adverse events or toxicities. Third, the
agents chosen should have pharmacokinetic and chemical
properties well suited to nonhospital settings. In cases in
which nursing resources are limited, for example, drugs
that can be administered once daily, such as ceftriaxone,
are preferable to those requiring multiple daily doses. For
patients receiving home intravenous therapy via an elec-
tronic multidose infusion pump, the antibiotics must be
stable at room temperature for at least 24 hours. Because
of restricted reservoir capacity, other infusion devices re-
quire that the drug remain soluble at high concentrations.
Thus, the proper matching of antimicrobial regimens with
infusion devices and therapeutic setting can be compli-
cated. For this reason, many centers have an infusion
team that actively participates in the discharge planning of
patients selected for antimicrobial therapy in the nonhos-
pital setting.

By the end of treatment, the patient should be afebrile,
hemodynamically stable, and free of new complications. In
some patients, an evaluation for underlying sites of bac-
teremia will have been either initiated or completed by this
time. To confirm that endocardial infection has resolved,
one or two additional blood cultures should be obtained
7–14 days after completing antimicrobial treatment.

Endocarditis is a destructive process, producing perma-
nent deformities of the cardiac valves that leave patients
with a 100-fold increased risk of recurrent disease. Thus, all pa-
tients with a history of infective endocarditis should receive
antimicrobial prophylaxis when indicated, such as prior to
certain dental procedures (Tables 30.6 and 30.7). Despite
long-standing guidelines, such recommendations are often
not followed. Common errors include failure to recognize
the need for prophylaxis, failure by physicians to inform
the patient of the lifetime risk for endocarditis, not warning
the patient’s dentist about the medical history, and incor-
rect selection or dosage of antimicrobial agents.
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To enhance the likelihood that patients will receive
adequate prophylaxis in the future, they should be
informed about their risk for reinfection and instructed
about their lifetime need for antibiotic prophylaxis. It is
important to emphasize the need for patients to alert their
dentists or physicians of their high risk for recurrent
infection. The American Heart Association produces a wal-
let card that can be carried by patients to document their
medical histories. This card also details the recommended
prophylactic regimen for specific procedures, which can be
used by physicians or dentists as a reference. Good oral
hygiene and regular dental care should also be encouraged
because they are associated with a reduced risk of recurrent
endocarditis (14).

In addition to problems with recurrent infection, pa-
tients with endocarditis are at increased risk for progressive
valvular dysfunction, leading to hemodynamic impair-
ment and the need for valve replacement. In a 15-year
prospective follow-up of patients with native valve endo-
carditis, 47% required valve replacement during the period
of observation. Patients with aortic valve involvement were
at particular risk, with 55% undergoing valve surgery. For
approximately two-thirds of patients, hemodynamic dete-
rioration and valve replacement occurred within the first
two years after having endocarditis. These results indicate
that patients with a history of endocardial infection need to
be monitored periodically for signs of valve dysfunction
and congestive heart failure. Echocardiography may be
indicated in some patients to detail the sites and extent of
valvular involvement as well as to examine overall cardiac
function.

COST CONSIDERATIONS AND
RESOURCE USE

Few studies have attempted to analyze the costs associated
with managing endocarditis. A decade ago, medical and
surgical management were estimated to cost approximately
$18,000 and $60,000 per case, respectively (15). Costs for
medical management were based on expenses for inpatient
therapy, so it is likely that outpatient treatment would be
considerably less expensive. However, no systematic analy-
sis of the relative savings associated with this approach has
been published.

KEY POINTS

■ Infective endocarditis is a relatively uncommon disease
associated with a significant mortality rate. Many pa-
tients require surgical treatment, either at the time of
infection or in the subsequent years.

■ The management of patients with this infection requires
expertise in areas of microbiology, infectious diseases,
and cardiology.

■ Patients suspected of having endocarditis need a prompt
and definitive diagnostic evaluation followed by the
rapid initiation of appropriate therapy.

■ Selection of specific antimicrobial agents requires
knowledge of the underlying risk factors for infection
coupled with results from in vitro assays of antimicrobial
sensitivity.

■ In addition to choosing antibiotics, proper management
entails careful monitoring for complications, identifying
patients in need of surgery, and posttreatment follow-up
for long-term valvular dysfunction.

■ The physician managing such patients also should be
certain that both the patient and his or her primary care
physician are aware of the patient’s lifelong need for an-
timicrobial prophylaxis in conjunction with certain den-
tal or invasive procedures.
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Catheter-Associated 

Infection and

Bacteremia
Isaam I. Raad Hend A. Hanna

INTRODUCTION

Each year, approximately 150 million intravascular
catheters are placed in 30 million patients in the United
States. These devices allow the provision of medications,
transfusion of blood products, parenteral nutrition, and
hemodynamic monitoring. Unfortunately, intravascular
devices are also the source of many infections. Local infec-
tions at the insertion site, bacteremia, septic throm-
bophlebitis, endocarditis, and metastatic complications of
hematogenous spread from the catheter to bone, joints, oc-
ular tissues, or solid organs are the most common infectious
complications. Overall, an estimated 850,000 catheter-asso-
ciated infections (CAIs) and 250,000 catheter-associated bac-
teremias (CABs) occur annually in the United States. Of
these, approximately 80,000 CABs occur in the intensive
care units (ICUs). CABs are associated with significant in-
creases in mortality (12%–25%), morbidity, duration of
hospitalization (mean, additional seven days), antibiotic
use, and additional costs to the health care system of about
$25,000 per episode (1–3).

Today, many options are available for intravascular
access (Table 72.1). The incidence and management of in-
fectious complications vary with the type of device, the
quality of infection control practices, and, most impor-
tantly, the condition of the patient. This chapter focuses
on those CAIs attributable to intravenous access devices
that are most often seen among adult patients in acute care
settings.

ISSUES AT THE TIME OF ADMISSION

Clinical Presentation

Catheter-related infection should be suspected whenever
evidence of local infection develops at the catheter inser-
tion/exit site or cutaneous tunnel in a patient with a current
or recent intravascular catheter or when unexplained fever
or other evidence of systemic infection is noted. The type of
catheter is a major factor affecting the probability and site
of infection and the clinical presentation (4, 5).

Short-Term Catheters

The use of short-term peripheral venous catheters is only
rarely complicated by infection. When infection does occur,
it is usually confined to the insertion site; bacteremia is pre-
sent in 0.1%–0.3% of cases. Although these catheters are
not used for outpatient treatment or home infusion therapy,
they are often used to treat patients in long-term care facili-
ties. These catheters remain in place for an average of 48–72
hours. Such patients may be referred for evaluation of sus-
pected CAI. Infection may be inapparent until after the pe-
ripheral catheter has been removed, so a diagnosis of CAI
should be considered when unexplained fever or focal signs
of infection at a prior catheter site develop after discharge.

Nontunneled short-term central venous catheters
(CVCs) are usually made of polyurethane and remain in
place for an average of one week. These catheters are often
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26410 ch 072  3/25/05  8:39 AM  Page 703



placed in critically ill patients. Local pain, erythema,
phlebitis, and purulence are clues to infection at the
catheter insertion site. Fever is unusual in uncomplicated
infection at the insertion site and suggests a more serious
local condition (e.g., abscess, cellulitis, or septic throm-
bophlebitis), bacteremia, or metastatic suppurative com-
plications. However, the absence of fever does not exclude
a diagnosis of complicating bacteremia, especially among
elderly patients and in cases of sepsis or immunosuppres-
sion. CAB should be suspected when staphylococcal or fun-
gal bloodstream infection is detected in the absence of an
obvious source for the bacteremia or fungemia other than
the intravenous catheter.

Long-Term Catheters

The most common types of catheters likely to be encoun-
tered among outpatients are those intended for long-term
use: peripherally inserted central venous catheters (PICC),
tunneled central venous catheters, and totally implantable
intravascular devices (ports). Midline catheters are also
sometimes included in this category, although they were
originally intended for short-term use. Overall, totally
implantable intravascular devices have the lowest rate of
infection among long-term catheters, probably because
there is no portal of entry for bacteria. A “pocket” infection
should be suspected in the presence of erythema or necro-
sis of the skin over the reservoir of a totally implantable
intravascular device or when a purulent exudate is found in
the subcutaneous tissue containing the reservoir. Tunneled
catheters also have a low infection risk. Infection should be
suspected when pain or local signs of inflammation are ev-
ident in the tissues overlying a tunneled catheter or within
2 centimeters of the exit site.

The absence of local signs of infection does not exclude a long-
term catheter infection. In fact, it is extremely difficult to
make a clinical diagnosis of infection involving the in-
travascular portion of a long-term catheter because local
signs are usually not present. Fever is the most common
clue but is not always found or may be intermittent. As with

short-term catheters, CAB should be suspected when unex-
plained staphylococcal or fungal bloodstream infection,
endocarditis, abscesses, or other evidence of hematogenous
spread are observed (6).

Differential Diagnosis and Initial Evaluation

Diagnosing CAB is often based on the interplay between
clinical and microbiological findings. Local signs at the in-
sertion site are almost always present in patients with short-
term peripheral catheter infections, except in neutropenic
patients. If a purulent exudate is present, a Gram stain of an
aspirated specimen should be obtained to help guide initial
treatment. Cultures are also important to determine the
causal organism and its microbial susceptibility when
systemic antibiotic treatment is planned. For peripheral
catheters (short venous or PICC), aseptic phlebitis may
produce tenderness, swelling, and erythema and can easily
be confused with local infection. A palpable venous cord is
not as common as other signs of phlebitis. When a tender,
palpable cord is present in a febrile patient, especially with
overlying cellulitis or exudate, septic thrombophlebitis may be
present (Chapter 52). Purulent material found in associa-
tion with local insertion site or exit site infection, compli-
cating long-term catheter use, should always be cultured for
fungi in addition to bacteria.

Fever is the hallmark of CAB, but an outpatient with a
vascular catheter is likely to have an underlying illness and
to have received therapies that may increase the risk for
fever, such as chemotherapeutic agents. A thorough history,
examination, and targeted laboratory and radiographic
studies are necessary to exclude other potential causes of
fever. However, unless another source is apparent, CAB
should be suspected. In the absence of local signs, the di-
agnosis depends on a high index of suspicion and the re-
sults of blood cultures (1).

Performance of two percutaneous blood cultures is the best
method for diagnosing bacteremia. These cultures should
be obtained before antibiotic treatment is initiated. How-
ever, the skin must be properly cleaned before blood
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TABLE 72.1
INTRAVENOUS CATHETERS ASSOCIATED WITH INFECTION

Type of catheter Site Expected duration of use

Short peripheral catheter Forearm or hand Days
Nontunneled polyurethane CVC Subclavian, internal jugular, or femoral veins Days
Nontunneled silicone CVC Subclavian Weeks to months
Midline catheters Proximal basilic or cephalic veins Days to weeks, sometimes months
Peripherally inserted CVC (PICC) Basilic, cephalic, or brachial veins Weeks to months
Tunneled CVC Subclavian, internal jugular, or femoral veins Months
Totally implantable port Subclavian or internal jugular veins Months

CVC, central venous catheter.
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cultures are obtained (1); failure to do so increases the
potential for blood culture contamination. Blood cultures
obtained in an emergency department, where other urgent
matters often take precedence over appropriate culturing
technique, are often contaminated. As a corollary, intravas-
cular catheters placed in an emergency department or
during other patient emergencies should be replaced
within 24 hours to reduce the risk for infection (1).

Cleaning the skin with soap will remove dirt and surface
lipids and improve the efficacy of whatever antiseptic is
used. Alcohol preparations, tincture of iodine, povidone-
iodine, or chlorhexidine solutions are effective antiseptics,
but only when properly applied to clean skin. Alcohols
have an immediate onset of action and broad-spectrum
activity but are ineffective when the skin is not clean. Tinc-
ture of iodine also has a rapid onset of action but has the
disadvantage of staining the skin and producing serious
allergic reactions in some patients. Povidone-iodine has a
slower onset of action and must be in contact with the skin
for three to five minutes to achieve antisepsis, a time
requirement that is not often met. A 2% tincture of
chlorhexidine preparation is now recommended by the
Centers for Disease Control (CDC) guidelines for the pre-
vention of catheter-related infections (1). Proper hand
cleansing, gloving of the health care personnel who obtain
the blood cultures, and good practices in the clinical labo-
ratory are also important to prevent contamination.

Blood culture contamination should be suspected if only
one blood specimen demonstrates microbial growth, espe-
cially when skin commensals, such as coagulase-negative
staphylococci, are found. When two blood samples ob-
tained from different sites grow the same organism, true
bacteremia is more likely. However, when coagulase-nega-
tive staphylococci are found in both specimens, the isolates
should be identified at the species level and their antibi-
ograms compared to ensure that they are, in fact, identical.
Blood samples drawn through catheters should also be ob-
tained aseptically after cleansing the hub with alcohol.
When local infection is present, bacteremia without another
source is sufficient to establish the diagnosis of CAB, espe-
cially if the same organism is isolated from the two sites.
When evidence of insertion or exit site infection is not pre-
sent, implicating the intravascular catheter as the source of
infection is more difficult. The two main methods used are
culturing the catheter and culturing the blood, but neither
is ideal, and no “gold standard” is universally accepted (1).

Culturing the Catheter

The roll-plate semiquantitative catheter culture technique is the
most commonly used method to culture a suspected
catheter. With this method, the catheter is removed and its
distal 2-centimeter segment is rolled on an agar plate,
which is then incubated. The presence of 15 or more
colonies of bacteria is taken as presumptive evidence of

catheter colonization sufficient to cause bacteremia or
fungemia. The roll-plate method cultures only the external
surface of the catheter. Therefore, it is less sensitive when
the infection arises from intraluminal colonization that is
introduced through the catheter hub, which is particularly
common with long-term catheters. The sensitivity may also
be reduced when antibiotic-impregnated catheters are
used. Hence, the utility of the roll-plate technique for diag-
nosing or excluding CAB is controversial.

Quantitative catheter culture by sonication technique im-
proves the detection of intraluminal colonization. By soni-
cation, a catheter is considered colonized if at least 1,000
colonies of bacteria are isolated from the catheter segment.
Other alternative methods for culturing the catheter
include flush techniques, vortex, and centrifugation meth-
ods. Like the roll-plate technique, all these methods have
one major disadvantage—a requirement for catheter
removal.

Culturing the Blood

Blood culture techniques to diagnose CAB rest on the
assumption that the quantity of bacteria in blood drawn
from an infected catheter will exceed the quantity obtained
from a peripheral blood sample. A ratio of 5:1 (catheter
blood colony count per milliliter to peripheral blood
colony count per milliliter) is used as the cutoff for impli-
cating the catheter as the source. Differential time to
positivity (DTP) is defined as the time necessary for simul-
taneous blood cultures, taken through the catheter and via
a peripheral puncture, to become positive. When DTP was
120 minutes or more, it was found to be highly sensitive
and specific in diagnosing CAB (7). Two disadvantages of
these methods are the laboratory time and expense needed
to perform the quantitative cultures as well as the lack of
routine reporting of DTP by most laboratories.

The single most important diagnostic step in diagnosing
CAB is the demonstration of microbial growth in two or
more percutaneous blood cultures of a catheterized patient
with no other obvious source of infection. Catheter tip cul-
tures and quantitative blood cultures should not be performed
unless their results would change the treatment plan. Whether
or not the catheter is removed, all CRI should be treated
with appropriate antibiotics, administered parenterally (8).

Indications for Hospitalization and Initial
Management

The management of CAI depends on at least four factors:
(a) the severity of the infection (local or systemic), (b) the
condition of the patient, (c) the known or suspected or-
ganism, and (d) the type of catheter (6) (Table 72.2). Un-
complicated local infections of short-term peripheral venous
catheters usually can be treated by removing the catheter
and administering a short course (3–5 days) of an oral
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antibiotic with antistaphylococcal activity. Such patients
do not require hospitalization. Blood cultures should be
obtained if the patient is febrile or has other evidence of
systemic infection. If the index of suspicion for bacteremia
is high or if evidence of septic thrombophlebitis is present,
the patient should be admitted and treated with parenteral
antibiotics.

Uncomplicated insertion or exit site infections of long-term
catheters can usually be treated without removing the
catheter (Table 72.2) unless caused by Staphylococcus
aureus, Gram-negative bacilli, or Candida species (9). Obvi-
ous soft-tissue abscesses should be drained. Parenteral
antibiotics can be administered through the catheter, so
hospitalization is not mandatory if the patient is stable.
Percutaneous blood cultures should be obtained before
treatment is started. Tunnel infections are more serious;
they require catheter removal and are best treated, at least
initially, in the hospital.

All patients with known or suspected complicated bac-
teremia should be admitted to the hospital. Such complica-
tions include septic thrombophlebitis, endocarditis, or
evidence of hematogenous spread of infection, and
catheter removal is always required, in addition to appro-
priate antibiotic therapy (Table 72.2). Complicated bac-
teremia also should be suspected when bacteremia persists
for more than 48 hours after catheter removal and initia-

tion of appropriate antibiotic treatment (Table 72.3). In
these situations, additional investigations should be done,
such as venogram to rule out septic thrombosis and trans-
esophageal echocardiography to detect valvular vegetations
in cases of endocarditis (Chapter 71) (9).

Patients with uncomplicated bacteremia always require
parenteral antibiotic treatment, but catheter removal may
not be necessary, depending on the causal organism (Table
72.2). Because the organism is usually not known at the
time of initial evaluation, patients should generally be ad-
mitted to begin empiric antibiotic treatment. If the decision
is made to retain the catheter in a clinically stable patient
who is not neutropenic and who has access to supervised
outpatient treatment, hospitalization can sometimes be
brief or even avoided entirely. Persistent bacteremia (or
fungemia) for more than 48 hours on appropriate par-
enteral therapy is an indication for catheter removal and a
search for infectious complications, regardless of the etio-
logic agent (10).

When coagulase-negative staphylococci are the cause of
long-term catheter infection, removal of the catheter has
little impact on the acute outcome of the bacteremia. How-
ever, the risk of recurrent bacteremia is decreased if the
catheter is removed, so elective replacement is usually
indicated if the catheter is needed for long-term manage-
ment. When Staphylococcus aureus is involved, immediate
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TABLE 72.2
MANAGEMENT OF CATHETERS WHEN CATHETER-ASSOCIATED INFECTION IS SUSPECTED
OR DIAGNOSED

Short-term peripheral Short-term central 
intravenous catheter venous catheter Long-term catheter

Routine replacement Every 48–72 h No recommendation Not indicated
Local insertion or exit site Remove catheter Remove catheter, replace at new Removal not usually required 

tunnel infection site (if needed) unless infection is present
Catheter-associated Remove catheter • If patient is septic, remove • Immediate removal not usually

bacteremia known or catheter; replace at new site required unless patient is septic
suspected; uncomplicated (if needed) • If bacteremia persists �48 h on

• If patient is not septic, change antibiotics or patient fails to
catheter over guidewire; replace respond, always remove catheter
if catheter culture is positive • If coagulase-negative staphylo-

coccal bacteremia, treat with
antibiotics 5–7 d; if early relapse
occurs,  remove catheter

• If catheter need is long-term,
consider elective replacement

• If Staphylococcus aureus,
Enterobacteriaceae, or Candida
species bacteremia, catheter
removal is indicated as soon as
feasible

Catheter-associated Remove catheter Remove catheter Remove catheter
bacteremia with 
complicationsa

a Complications include septic thrombophlebitis and endocarditis or evidence of hematogenous spread.
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catheter removal is necessary because the acute mortality
rate, complication rate, and relapse rate are higher when
the catheter is retained (9). All patients with catheter-
related candidemia should be treated, either with ampho-
tericin B, an azole (e.g., voriconazole), or an echinocandin
(e.g., caspafungin) based on the susceptibility of the organ-
isms. Antifungal therapy should be given for 14 days after
the last positive blood culture (9). Catheters should be re-
moved in cases of catheter-related candidemia because sal-
vage rates with systemic antifungal therapy are only in the
30% range (9). Gram-negative bacillary infections, espe-
cially those caused by Pseudomonas species, are difficult to
cure without catheter removal.

Initial Antimicrobial Treatment

As with all infections, the goal of empiric antibiotic treat-
ment of CAB is to provide a drug regimen with bactericidal
activity against the most likely pathogens until culture data
are available to guide definitive treatment decisions. Factors
affecting the decision include the severity of illness, the ex-
tent of infection, the prevalence of organisms associated
with CAB in the institution or among comparable patients
(e.g., bone marrow transplant recipients), the prevalence of
antimicrobial resistance among these organisms, and the re-
cent history of infections and antibiotic treatment in the in-
dividual patient (9). Treatment must be individualized, and
no single empiric regimen is appropriate for all patients.
Most importantly, the treatment regimen should promptly
be narrowed once the causative organism is identified.

Coagulase-negative staphylococci, most of which are
resistant to nafcillin and other �-lactam antibiotics, are the
most common pathogens associated with CAB. However,

empiric vancomycin treatment is not essential unless the pa-
tient is neutropenic or profoundly immunosuppressed, be-
cause these infections are usually indolent and the treat-
ment outcome is not better when vancomycin is included
in the initial treatment regimen (10).

S. aureus is the most common pathogen associated with
morbidity and mortality from CAB. Knowledge of the local
prevalence of methicillin resistance among nosocomial
staphylococcal bloodstream infections is helpful in deter-
mining the need for empiric use of vancomycin when CAB
is suspected. Even where the prevalence is low, vancomycin
should be included in the empiric treatment regimen if
the patient is septic or has a prior history of infection
or colonization with methicillin-resistant S. aureus. For
vancomycin-resistant S. aureus or in patients colonized
with vancomycin-resistant enterococci or allergy to van-
comycin, linezolid or quinupristin/dalfopristin should be
used (9). Otherwise, treatment with nafcillin plus an
aminoglycoside is usually adequate. However, in the ab-
sence of methicillin-resistant organisms, penicillinase-
resistant penicillins, such as nafcillin or oxacillin, should
be used to avoid the unnecessary use of vancomycin (9).

Additional empirical coverage for Gram-negative bacilli
and Pseudomonas aeruginosa with ceftazidime or cefepime
should be considered for severely ill or immunocompro-
mised patients when CAB is suspected, as well as in institu-
tions where pseudomonas infections are not uncommon
(Chapter 64).

Indications for Early Consultation

Surgical consultation should be obtained when septic
thrombophlebitis is suspected, deep tissue metastatic
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TABLE 72.3
DIAGNOSTIC CONSIDERATIONS IN PATIENTS WHO CONTINUE TO HAVE PERSISTENT BACTEREMIA
OR FEVER AFTER EMPIRIC TREATMENT FOR CATHETER-ASSOCIATED BACTEREMIA

Reason for failure to improve Recommended approach

Infected catheter remains
Resistant bacterial organism (e.g., methicillin-resistant

Staphylococcus aureus, Enterococcus faecium)
Nonbacterial pathogen (e.g., Candida species,

atypical pathogens)
Inadequate treatment regimen

Complicated bacteremia (e.g., endocarditis, septic
thrombophlebitis, septic pulmonary emboli,
mycotic aneurysm)

Seeding of organs, abscess formation

Other processes

Remove catheter
Evaluate susceptibility; broaden coverage; obtain infectious diseases consultation

Perform additional microbiological cultures to exclude these agents and
mycobacteria

Check drug dosage, route, interval; consider measuring serum concentrations if
vancomycin or aminoglycosides are being used

Repeat physical examination and selected laboratory and imaging studies to
diagnose these entities; obtain echocardiogram; obtain infectious diseases
consultation; consider surgical consultation

Repeat physical examination and selected laboratory and imaging studies to
diagnose these entities; obtain ophthalmology consultation; obtain infectious
diseases consultation; consider surgical consultation

Repeat physical examination and targeted laboratory and imaging studies to
identify other causes of fever; consider drug fever, venous thrombosis,
pulmonary embolism
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abscesses are detected, endocarditis is diagnosed, or surgi-
cally implanted catheters require removal. Consultation
with an orthopedic surgeon should be sought when
complicating bone or joint infection is present. Early and
serial retinal examinations are important for all patients
with CAB, and consultation with an ophthalmologist can
be helpful in detecting early retinal changes, especially
when S. aureus or Candida species are the cause of blood-
stream infection. Most cases of uncomplicated CAB do not
require consultation with infectious disease specialists, but
consultation is warranted when prolonged antibiotic
treatment is being considered and when complicated infec-
tion is present.

ISSUES DURING THE COURSE OF
HOSPITALIZATION

Catheter Infections Developing
After Admission

Most infections attributable to intravascular catheters de-
velop in the acute care setting. When short-term peripheral
catheters and long-term catheters become infected during
hospitalization, the presentation and evaluation are the
same as at the time of admission, described in the preced-
ing section. The most important CAIs that develop during
hospitalization are related to short-term central venous
catheters. These catheters are associated with an increased
risk for local infection at the insertion site.

Short-term central venous catheters are frequently used
in ICU patients, most of whom are seriously ill and at
high risk for fever and infection from a variety of sources.
Hence, diagnosing CAB is extremely difficult. When
bacteremia is suspected, two simultaneous blood cultures
should be obtained from the CVC and percutaneous
sites. The quantitative blood culture method may be
employed to help establish the diagnosis of CAB; other-
wise, differential time to positivity could be useful. The
diagnosis of CAB would be established when the blood
culture drawn through the CVC becomes positive at least
two hours before a simultaneously drawn peripheral
blood culture (7).

Suspected short-term central venous CAB is initially
managed according to the same principles that apply to
long-term CAB, with one additional consideration: the
possible role of guidewire exchange (Table 72.2). Replacing
central catheters over a guidewire reduces the potentially
serious risks associated with new insertion at an alternate
site and is the preferred method of catheter replacement
when infection is not suspected and catheter tip culture is
required to rule out CAB. The procedure is contraindi-
cated if evidence of infection at the insertion site is pre-
sent (pain, purulence, erythema) and if the patient is sep-
tic. In a febrile patient without these contraindications in
whom CAB is suspected, replacement over a guidewire is

reasonable, and culturing the tip of the removed catheter
aids in the diagnosis of the suspected CAB. Guidelines
from the Centers for Disease Control and Prevention
(CDC)/Hospital Infection Control Practices Advisory
Committee (HICPAC) recommend that a quantitative or
semiquantitative culture of the catheter be obtained at the
time of removal. If the culture is positive, then subse-
quent replacement of the catheter at a new site is also rec-
ommended (1).

Expected Response to Therapy

Uncomplicated infections at the insertion site should re-
solve quickly. If the patient’s condition does not improve
after 48 hours or if a fever develops or worsens, the site
should be carefully examined to identify cellulitis, an
undrained abscess, septic thrombophlebitis, or other local
complications (Table 72.3). In addition, blood cultures
should be obtained to exclude the possibility of a sec-
ondary bacteremia.

Likewise, among patients with CAB, blood cultures
should be negative after 48 hours of initiating appropriate
antibiotic treatment. If bacteremia persists beyond 48
hours, a comprehensive evaluation and consultation
with an infectious diseases clinician are indicated to
determine whether the patient has developed a deep-
seated infection (10) (Table 72.3). If the implicated
catheter was not removed when the problem first ap-
peared, immediate removal is now necessary. The treat-
ment regimen should be evaluated to determine whether
the proper antibiotics were administered at the appropri-
ate time and whether the dosage was adequate to achieve
bactericidal activity against the pathogen. Additional stud-
ies to identify endovascular complications of CAB should
also be initiated, especially if the original infection was
caused by S. aureus. Septic thrombosis, endocarditis, and
septic pulmonary emboli are relatively rare but life-
threatening complications in this setting. Transesophageal
echocardiogram, chest radiographs, venous Doppler stud-
ies, and, rarely, a peripheral or central venogram should
be considered.

If the patient remains febrile more than five days,
other complications of CAB should be considered, even
in the face of sterile blood cultures. When S. aureus or
Candida species cause CAB, hematogenous spread can
produce metastatic abscesses and other infections in
the retina, solid organs, soft tissues, bones, and joints.
Detecting these complications is difficult, especially
in severely ill patients who cannot provide information
about localizing symptoms. The retina should always
be examined, and ophthalmologic consultation is war-
ranted. Abdominal ultrasonography will aid in the detec-
tion of occult splenic, hepatic, and renal abscesses.
Additional studies that are sometimes needed include
bone scans, computed tomography or magnetic reso-
nance imaging, and white blood cell scans. Of course,
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patients with CAB are usually at risk for many other causes
of fever, and these should not be overlooked when a
diagnosis is being pursued.

DISCHARGE ISSUES

The duration of parenteral treatment required to cure CAB
is variable, and clinical data have not completely eluci-
dated the optimal duration (9). Uncomplicated infections
caused by coagulase-negative staphylococci usually do not
require treatment for more than five to seven days, even
when the catheter is not removed. Uncomplicated Gram-
negative bacillary CAIs should be treated for 10–14 days
with appropriate antimicrobial therapy, and the catheter
should be removed (9).

Antifungal therapy for 14 days after the last positive
blood culture is recommended for uncomplicated CAI
caused by Candida species (9). Most experts also recom-
mend a 10-day to 14-day course of treatment for uncom-
plicated S. aureus CAB (10,11). However, the risk for
hematogenous seeding, which potentially leads to serious
endovascular infections, is high with both of these organ-
isms. Failure to diagnose these complications and extend
the duration of treatment accordingly accounts for a
large proportion of the relatively high rates of delayed
morbidity and mortality associated with CAB. The required
duration of antifungal therapy for complicated CAB de-
pends on the specific problem (e.g., endocarditis) and the
need for surgical intervention. Treatment of CAB caused by
S. aureus should be extended to 4–6 weeks when complica-
tions are diagnosed. If the blood cultures are not sterile
after 48 hours or the patient’s condition does not improve,
treatment should also be continued for at least four weeks
unless an alternate diagnosis is found (10,11).

No data are available to define the optimum duration of
hospitalization for CAB. However, experience with outpa-
tient and home infusion programs suggests that comple-
tion of therapy outside the hospital is a good option for
many patients (12). Criteria for discharge include (a) clini-
cal improvement and resolution of fever, (b) sterilization
of blood cultures, (c) establishment of reliable venous
access for parenteral treatment, and (d) access to supervised
outpatient or home infusion therapy. Patients who meet
the first three criteria but cannot be managed as outpatients
might be transferred to step-down units or skilled nursing
facilities until treatment is completed.

Patients who are able to participate in their own catheter
care should be trained to do so before discharge. Essential
information should cover dressing care, how to avoid
contamination of the insertion site or hub, and which
symptoms and signs should prompt medical evaluation. In
addition, gloves and instructions for safe needle handling
and an impervious needle disposal container should be
provided if the patient or caregivers will be at risk for needle
injury or blood exposure.

COST CONSIDERATIONS AND
RESOURCE USE

The most important strategy for improving resource uti-
lization relevant to CAB is to reduce the nonessential use of
intravascular catheters. Decreasing the number of catheters
used, the number of catheter lumens, and the total days of
catheterization decreases infection rates. This can be ac-
complished through judicious use of parenteral treatments
and changing to oral regimens when the patient’s condi-
tion warrants the switch. It is important to choose the type
of catheter with the lowest incidence of infection that is ap-
propriate for the expected duration of catheterization. The
use of antimicrobial or antiseptic impregnated catheters in
adults whose catheter is expected to remain in place longer
than five days is recommended if, after implementing a
comprehensive strategy to reduce rates of CAB, the CAB rate
remains above the goal set by the individual institution,
based on benchmark rates (10). Catheters impregnated
with minocycline and rifampin were shown to be highly ef-
fective in preventing CAB, even more so than antiseptic
catheters coated with chlorhexidine gluconate and silver
sulfadiazine. This was particularly true for catheters with an
expected dwell time of longer than seven days (13). In ad-
dition, CAI can be prevented by adherence to CDC guide-
lines for catheter placement, care and replacement, and re-
moval (1). The use of maximum sterile barriers during CVC
insertion is particularly cost-effective (14).

For patients who do acquire CAI, significant resources
can be saved by early discharge to a lower level of care for
parenteral treatment, provided that adequate support ser-
vices to ensure uninterrupted therapy and observation for
new complications are available.

KEY POINTS

■ Many cases of catheter-associated infection can be
avoided by judicious use of intravascular catheters,
proper placement and care of catheters, and removal as
soon as intravenous access is no longer indicated. An-
timicrobial or antiseptic-impregnated catheters can also
lower infection rates in patients expected to have pro-
longed catheterization.

■ Attention to antisepsis and infection control practices
can reduce the number of false-positive blood cultures
when catheter-associated bacteremia is suspected and
decrease unnecessary use of vancomycin and other an-
timicrobial agents.

■ Immediate long-term catheter removal is not always re-
quired, depending on the etiologic agent. However, to
avoid relapse, elective replacement is advised if ongoing
venous access is needed.

■ Patients with catheter-associated bacteremia usually do
not require hospitalization once they are clinically sta-
ble, have negative blood cultures, and have been 

Chapter 72: Catheter-Associated Infection and Bacteremia 709

26410 ch 072  3/12/05  10:58 AM  Page 709



evaluated to exclude complications that increase mor-
bidity and mortality and mandate a longer course of
treatment.
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Bioterrorism
Thomas E. Terndrup Sarah D. Nafziger

INTRODUCTION

The concept of using naturally occurring organisms as
weapons is not new. History has documented numerous at-
tempts at biological warfare (Table 73.1). Only in the past
several years, however, has the health care community be-
come aware of the growing threat of a biological weapons at-
tack. For many, the first notice came with the October 2001
bioterrorism attack, in which anthrax was spread through
the U.S. postal system, resulting in 18 cases of anthrax with
five fatalities. This attack, along with the 2003 outbreak of se-
vere acute respiratory syndrome (SARS), further demon-
strated the underpreparedness of the United States health
care system to respond not only to bioterror attacks, but also
to other highly transmissible emerging infections.

THE CURRENT STATE OF HOSPITAL
PREPAREDNESS

Limited data indicate that most hospitals are inadequately
prepared to deal with attacks by weapons of mass destruc-
tion, including bioterrorism. A large-scale bioterrorism drill
performed in Denver, Colorado, simulating aerosolized
plague attacks resulted in over 3,000 simulated casualties
within 4 days (1). One of the most valuable insights from
this drill was that the systems and resources currently in
place are inadequate to manage the stress of a large-scale
bioweapons attack.

Fortunately, much of what should be done in anticipa-
tion of a biological attack is also applicable to any public
health disaster or infectious disease outbreak, making
these expensive but necessary preparations “dual-use” in
nature. In contrast to preparation for chemical spills or
terrorism (where preparation relies largely on prehospital
hazardous material teams and equipment, immediate
treatment in the streets, and cordoned-off crime scenes),
preparation for biological terrorism relies much more on

education, a robust public health system, and broad in-
teragency collaboration.

Not only must hospitals prepare to deal with the conse-
quences of bioterrorism, they must also take measures to
reduce their vulnerability as terrorist targets. As the epicen-
ter of community emergency response, hospitals are valu-
able and often extremely vulnerable assets. While many
public buildings have secure perimeters and require visitor
searches, most hospitals have no such security measures.
Hospital security is challenged by the appropriate desire to
maintain ready access for patients, family members, and
staff. To would-be perpetrators, these entryways may repre-
sent a tempting access point.

Today, rapid progress in the development and enrich-
ment of our public health infrastructure is ongoing, but the
system is not yet where it needs to be. Currently, no unified
surveillance system is in place. The complexities of disease
reporting and the lack of consistent feedback lead to physi-
cian frustration and poor compliance with current public
health reporting mechanisms. Because our surveillance sys-
tems and response networks are underprepared, an even
greater burden is placed upon the individual clinician to be
alert to the possibility of biological warfare. Clinicians
must be able to make an accurate diagnosis, to begin treat-
ment of affected patients, and to notify and coordinate care
with responsible public health authorities.

Simulation exercises and experience with disasters have
taught us that communication during a crisis is often lim-
ited. Planning activities—such as mini-simulations (table-
top exercises) and disseminating contact information of
key authorities—appear to significantly enhance local abil-
ities to respond to true crises.

GENERAL CONSIDERATIONS FOR
DIAGNOSIS AND TREATMENT

Because biological agents introduced by humans may
cause disease syndromes nearly indistinguishable from
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naturally occurring illnesses, and because patients may
not fall ill until days after exposure, bioterrorism may be
difficult to distinguish from naturally occurring disease.
Therefore, distinguishing the results of intentional release
of a disease agent from a naturally occurring illness often

requires the clinician to think “epidemiologically.” Dis-
ease patterns with unusual organisms, large numbers of
victims at the same stage of illness, unusual antibiotic re-
sistances, or unusual seasonal presentations should all
raise the question of bioterrorism (Table 73.2). For exam-
ple, one case of rapidly progressive influenza-like illness
may not herald a bioterrorist attack, but a pattern of sev-
eral patients with the same syndrome should certainly
raise the specter of bioterrorism. High risk biological
agents have been identified and hospital-based physicians
should be familiar enough with them to rapidly assess pa-
tients and begin treatment.

Biological attacks may either be overtly announced, or
covert, with the first signs of attack being mildly symp-
tomatic, minimally ill patients or hundreds of critically ill
ones. In either case, early recognition of the disease out-
break and identification of the disease agent are critical to
minimizing the number of casualties. Epidemiologic mod-
els have demonstrated that rapid implementation of a post-
attack prophylaxis program is the single most important means of
reducing losses following a bioterrorist attack. However, before
prophylaxis can be initiated, the disease agent must be
identified.

SPECIFIC BIOLOGICAL AGENTS

The Centers for Disease Control and Prevention (CDC)
have issued a list of high-likelihood, potential bioterrorist
agents. These have been prioritized according to ease of dis-
semination, transmissibility, mortality, potential for major
public health impact, potential to cause public fear and so-
cial disruption, and requirement of special action for pub-
lic health preparedness (Table 73.3) (2). Category A agents
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TABLE 73.1
HISTORICAL TIMELINE OF BIOTERRORISM

Year Incident

190 BCE

400 BCE

1346
1405

1650

1710

1763

1860s

1863

1972

1992

1984

2001

Hannibal hurls venomous snakes onto enemy ships
Scythian archers use arrows dipped in blood and manure

or decomposing bodies
Mongols hurl plague-infected corpses over enemy walls
Spanish contaminate wine drunk by French soldiers

with blood of leprosy patients
Polish soldiers place saliva from rabid dogs into hollow

shell casings
Russians invading Estonia hurl plague-infected corpses 

over enemy walls
British officers give blankets used by smallpox victims

to American Indians in Pennsylvania, resulting in a
devastating smallpox outbreak

Confederate sympathizers during the American Civil
War attempt to ship garments and bedding used by 
yellow fever victims to New York

Confederate soldiers during the American Civil War
leave dead animals in wells and ponds to
contaminate Union soldiers’ water supply

Ratification of Biological and Toxin Weapons Conven-
tion outlawing offensive bioweapons

Dr. Ken Alibek flees former USSR; debriefing indicates 
substantial bioweapons program

Salad bars in 10 Oregon restaurants contaminated with
Salmonella, sickening 750 people

Bacillus anthracis attacks via the U.S. Postal System

TABLE 73.2
CHARACTERISTICS DISTINGUISHING A NATURAL DISEASE OUTBREAK FROM A BIOTERRORIST ATTACK

Natural outbreak Bioterrorist attack

Gradual presentation of victims with no readily identifiable
common exposure

Cases present at varying stages of disease progression

Expected disease course for that specific pathogen with
appropriate response to standard therapy

Slowly progressive disease with prodromal symptoms (e.g.,
natural progression of bubonic plague to pneumonic
plague)

Normal antibiotic sensitivities
No announcement of attack
Presentation of common illnesses (such as influenza)

Presentation of disease in the usual geographic area during
the usual transmission season

Sudden presentation of large numbers of victims with a similar disease or
syndrome (e.g., many cases of rapidly progressive pneumonia) who may
have a readily identifiable common exposure

Many cases present at similar stage in disease progression because of
common source of exposure

More severe disease than is usually expected for that specific pathogen or
failure to respond to standard therapy

Rapidly progressive disease suggesting an unusual form of disease
transmission (e.g., primary pneumonic plague with rapidly progressive
fulminant pneumonia and no prodromal bubonic form of the disease)

Highly virulent strains possibly with antibiotic resistance
Possible announcement of bioterrorist attack
Presentation of a single case of any disease caused by CDC Category A, B,

or C agent (Table 73.3)
Presentation of disease in an unusual geographic area or transmission season
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Because many of these diseases have been functionally
eradicated and are very rare in the developed world, the
medical literature often provides few data upon which to
base clinical decisions. Consequently, public health experts
have formed consensus-based guidelines to aid clinicians in
making such decisions. Bioterrorism web sites at the CDC
(www.bt.cdc.gov), the Agency for Healthcare Research and
Quality (AHRQ) (www.bioterrorism-uab.ahrq.gov), and at
various other institutions (for example, www.bioterrorism.
uab.edu) are extremely useful as frequently updated sources
of such information.

Anthrax

Clinical Presentation and Course

Classically, inhalational anthrax is a biphasic illness. After
0–6 days of incubation, the first phase appears as a
nonspecific influenza-like illness characterized by mild
fever, malaise, myalgias, nonproductive cough, and occa-
sional chest or abdominal pain. Rhinorrhea and nasal
congestion are uncommon with inhalational anthrax; the
presence of these symptoms may indicate an etiology
other than anthrax in patients presenting with influenza-
like symptoms. The second phase of the illness appears
2–3 days later and is characterized by the abrupt onset of
high fever, dyspnea, chest or abdominal pain, diaphoresis,
cyanosis, and shock. Recent inhalational cases in the
United States have manifested with sweats and gastroin-
testinal symptoms. Hemorrhagic meningitis and altered
mental status are seen in up to 50% of cases as the disease
spreads to the central nervous system. Death occurs
within 24–36 hours (Table 73.4) (3).
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TABLE 73.3
CRITICAL BIOLOGICAL AGENTS

Category A. High-priority agents include organisms that
pose a risk to national security because they can be easily
disseminated or transmitted person to person; cause high
mortality with potential for major public health impact;
might cause public panic and social disruption; and require
special action for public health preparedness.

Variola major (smallpox)
Bacillus anthracis (anthrax)
Yersinia pestis (plague)
Clostridium botulinum toxin (botulism)
Francisella tularensis (tularemia)
Filoviruses

Ebola virus (Ebola hemorrhagic fever)
Marburg virus (Marburg hemorrhagic fever)

Arenaviruses
Lassa fever virus (Lassa fever)
Junin virus (Argentine hemorrhagic fever) and related viruses

Category B. Second-highest priority agents include those
that are moderately easy to disseminate; cause moderate
morbidity and low mortality; and require specific
enhancements of CDC’s diagnostic capacity and enhanced
disease surveillance.

Coxiella burnetti (Q fever)
Brucella species (brucellosis)
Burkholderia mallei (glanders)
Alphaviruses

VEE virus (Venezuelan encephalomyelitis)
EEE and WEE viruses (eastern and western equine encephalo-

myelitis)
Ricin toxin from Ricinus communis (castor beans)
Epsilon toxin of Clostridium perfringens

Staphylococcus enterotoxin B
A subset of List B agents includes pathogens that are foodborne or

waterborne. These pathogens include but are not limited to:
Salmonella species
Shigella dysenteriae
Escherichia coli O157:H7
Vibrio cholerae
Cryptosporidium parvum

Category C. Third-highest priority agents include
emerging pathogens that could be engineered for mass
dissemination in the future because of availability; ease of
production and dissemination; and potential for high
morbidity and mortality and major health impact.

Nipah virus
Hantaviruses
Tick-borne hemorrhagic fever viruses
Tick-borne encephalitis viruses
Yellow fever
Multidrug-resistant tuberculosis

are most likely to cause mass casualties if deliberately dis-
seminated as small-particle aerosols and require broad-
based public health preparedness. These agents, therefore,
are a priority for preparation and training and will be dis-
cussed further here.

TABLE 73.4
DISTINGUISHING INHALATIONAL ANTHRAX
FROM INFLUENZA

Influenza or other
Sign or symptom Anthrax influenza-like illness

Fever or chills ����� ���

Fatigue or malaise ����� �����

Cough ���� ����

Shortness of breath ���� 0
Chest discomfort or ��� �

pleuritic chest pain
Headache �� ����

Myalgias �� ����

Sore throat 0 ����

Rhinorrhea 0 ����

Nausea or vomiting ���� �

Abdominal pain � �

Adapted from Centers for Disease Control and Prevention.
Considerations for distinguishing influenza-like illness from inhalational
anthrax. Morb Mortal Wkly Rep 2001;50:984–986.
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Diagnostic Evaluation

Basic laboratory evaluation may show hemoconcentration
or leukocytosis but is generally not helpful in making the
diagnosis of anthrax. Gram stain and culture of fluid from
cutaneous vesicles, blood, or cerebrospinal fluid will often
show Gram-positive bacilli.

Rapid influenza tests may be useful in differentiating
influenza from other influenza-like illnesses, including
anthrax. However, the sensitivity of rapid influenza tests is
relatively low (45%–90%). When the rapid influenza test is
not positive, viral culture may be helpful in identifying true
cases of influenza.

In asymptomatic patients with suspected exposure to in-
halational anthrax, public health authorities have used
nasal swab culture as an epidemiologic screening tool to
confirm exposure to B. anthracis. The predictive value of
this tool is not known, and, at present, the CDC does not
recommend routine use of swab culture to rule out infec-
tion with B. anthracis.

Chest radiography in patients with inhalational anthrax
often exhibits mediastinal widening and occasionally infil-
trates or pleural effusion. In contrast, most cases of
influenza are not associated with chest radiographic abnor-
malities. Computed tomography of the chest should be
strongly considered in any patient with an influenza-like ill-
ness who presents with chest radiographic abnormalities.
Computed tomography of the chest in cases of inhalational
anthrax was first reported during the outbreak in October
2001. Findings included prominent mediastinal lym-
phadenopathy, pleural effusion, mediastinal edema, and
basilar air space disease (4).

Prophylaxis and Treatment

In any suspected case of inhalational anthrax or in cases of cu-
taneous anthrax with signs of systemic involvement, exten-
sive edema, or head and neck lesions, intravenous multidrug
antimicrobial therapy should be started immediately. Based
on animal and in vitro studies, the recommended agents in-
clude ciprofloxacin 400 mg every 12 hours or doxycycline
100 mg every 12 hours plus one of the following drugs:
rifampin, vancomycin, penicillin, ampicillin, chlorampheni-
col, imipenem, clindamycin, or clarithromycin. For uncom-
plicated cases of cutaneous anthrax that do not involve the
head or neck, oral ciprofloxacin 500 mg every 12 hours or
doxycycline 100 mg every 12 hours alone are sufficient ther-
apy. Because the major complications of systemic anthrax are
caused by toxins released from the bacteria, it has been sug-
gested that corticosteroid therapy could be of some benefit in
treating cases of inhalational anthrax, but there are no con-
trolled trials to inform this decision (5).

Prophylactic therapy for patients with confirmed expo-
sure to B. anthracis must be promptly initiated. Again, oral
ciprofloxacin (500 mg every 12 hours) or doxycyline (100
mg every 12 hours) is sufficient prophylactic therapy. Chil-

dren or breastfeeding mothers may take amoxicillin at the
appropriate dosage for prophylaxis only, but confirmed
cases should be treated with ciprofloxacin or doxycycline,
despite their known adverse effects in children (6). In any
suspected or confirmed exposure to anthrax, public health
authorities should be notified and involved in case man-
agement in order to assist with epidemiologic investiga-
tion. Currently, there is no vaccine for B. anthracis available
to the public.

Infection Control

Anthrax is not transmissible through person-to-person
contact. Universal precautions are generally sufficient to
protect contacts from exposure to the disease. Decontami-
nation with a soap and water bath is sufficient for gross
exposures.

Smallpox

Clinical Presentation and Course

Infection occurs through direct contact with mucous mem-
branes or through aerosol exposure. After an incubation
period of 12–14 days, variola viremia causes a prodromal
illness characterized by high fever, malaise, vomiting,
headache, and myalgias, followed 2–3 days later by a char-
acteristic macular rash of the face, hands, and forearms. As
the rash spreads, the macules change to papules and even-
tually to pustular vesicles. Lesions are most prominent
about the extremities and face and tend to develop syn-
chronously, a characteristic that helps discriminate variola
from varicella infection. Within 7–10 days, the rash begins
to form scabs, leaving depressed pigmented scars when
they heal. Scabs contain readily recoverable virus through-
out the entire healing period; therefore, all patients should
be considered infectious until all scabs are shed.

Diagnostic Evaluation

There is no widely available laboratory test to confirm
smallpox infection. Thus, clinical presentation is the key to
early diagnosis. The presence of a centrifugal, synchronous
rash in the appropriate clinical setting must lead to consid-
eration of the diagnosis of smallpox. If a case of smallpox
is suspected, the patient must be placed in isolation until
appropriate assessment is completed by public health au-
thorities. Pustular fluid should be sampled only by persons
recently vaccinated against smallpox. Samples should be
handled by a Biosafety Level 4 (BSL-4) laboratory.

Prophylaxis and Treatment

Although animal trials with cidofovir are promising, there
is currently no antiviral treatment for smallpox. In the
United States, routine smallpox vaccination ceased in 1972.
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Those vaccinated prior to 1972 retain partial immunity to
the virus. Currently, vaccination of military personnel and
civilian volunteers is ongoing. An emergency supply of
smallpox vaccine and a limited supply of vaccina immune
globulin (VIG) are under the control of the CDC and state
health departments (7). Efforts are underway to increase the
national stockpile of smallpox vaccine as well as to develop
safer and more effective cell culture–derived vaccines.

Infection Control

Smallpox victims must be immediately isolated. All house-
hold and face-to-face contacts should be vaccinated and
placed under surveillance. Because smallpox is rapidly
spread via aerosol transmission, it poses a particular threat
in hospitals, which have a limited number of negative pres-
sure isolation facilities. Given the serious nature of this dis-
ease, home care and quarantine is a likely and reasonable
alternative to inpatient hospital treatment.

Plague

Clinical Presentation and Course

Yersinia pestis, a Gram-negative coccobacillus, is the
causative agent of plague. Microscopically, the bacteria
have a characteristic bipolar appearance that is commonly
referred to as “safety pin” pattern. When a human is in-
fected by the bite of an infected flea, symptoms of
bubonic plague develop 2–8 days later. These include
sudden onset of influenza-like symptoms and the devel-
opment of acutely swollen, painful lymphadenopathy,
typically in the groin, axilla, or cervical regions. Sep-
ticemic plague is characterized by disseminated intravas-
cular coagulation, necrosis of small blood vessels, pur-
puric skin lesions, and gangrene of acral regions such as
the digits and nose.

Pneumonic plague can develop secondarily from
bubonic or septicemic plague or can develop primarily
when aerosolized bacilli are inhaled. After a 2–4 day
incubation period, the first symptoms are fever, hemopt-
ysis, and dyspnea. Other symptoms include nausea, vom-
iting, abdominal pain, and diarrhea. As the disease
progresses, a fulminant pneumonia develops, with lobar
consolidation, respiratory failure, sepsis, and death. Pri-
mary pneumonic plague, which results from aerosolized
release of Y. pestis, typically does not cause the cutaneous
lesions that are seen with the naturally occurring form of
the disease.

Diagnostic Evaluation

Gram stain and culture of blood, cerebrospinal fluid, spu-
tum, or lymph node aspirate may reveal the organism.
Giemsa staining reveals bipolar “safety pin”-appearing
bacilli. Cultures demonstrate growth within 24–48 hours.

Definitive laboratory diagnosis of Y. pestis can be made via
antigen detection, immunoassay, immunostaining, or
polymerase chain reaction performed at the CDC and other
government-operated laboratories.

Prophylaxis and Treatment

Currently, no vaccine is available for plague. In the past,
antibiotic therapy with streptomycin 15 mg/kg intramus-
cularly twice a day for 10 days was considered first-line
therapy for pneumonic plague. Small numbers of human
cases and animal data suggest that intravenous gentamicin
or doxycycline are also effective treatments. Quinolones
may also be efficacious, but no human data exist for this
class of drugs. Laboratory and animal studies indicate that
doxycycline or fluoroquinolone antibiotics given orally for
seven days are adequate prophylaxis for those potentially
exposed to plague (8).

Infection Control

Because plague is readily transmissible via aerosolized par-
ticles, strict isolation for the first 48 hours of treatment is re-
quired to prevent secondary spread of the disease. Patients
with the pneumonic form of the disease must remain in
isolation for four days after initiation of antibiotic therapy.

Botulism

Clinical Presentation and Course

Botulinum toxin blocks acetylcholine release, and ulti-
mately neurotransmission, by binding to the presynaptic
nerve terminal at the neuromuscular junction and at
cholinergic autonomic sites. Within 24 hours and up to
several days after inhalational exposure, symptoms de-
velop, beginning with bulbar palsies characterized by
dysarthria, dysphagia, blurred vision, and ptosis. With pro-
gression of disease, skeletal muscle is affected, manifested
by descending, symmetrical, flaccid paralysis that may cul-
minate in respiratory failure.

Diagnostic Evaluation

Physical examination reveals an afebrile, alert, and ori-
ented patient. Bulbar palsies and flaccid paralysis are pre-
sent while sensation remains intact. Laboratory tests are
not generally useful in the early diagnosis of botulism in-
toxication. Definitive toxin testing is available through the
Centers for Disease Control.

Prophylaxis and Treatment

Respiratory failure is the most common cause of death due
to botulinum toxin (9). Therefore, supportive care with
mechanical ventilation is the most important treatment for
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botulism intoxication. Because recovery may take weeks or
months, this may require intensive nursing care for a pro-
longed period of time. A limited supply of antitoxin is
available through government agencies. Recombinant vac-
cines are currently being developed.

Infection Control

Botulism is not transmissible from person to person; there-
fore, no special isolation procedures are required for
affected patients.

Viral Hemorrhagic Fevers (VHFs)

Clinical Presentation and Course

Infection with VHF is characterized by high fever, headache,
fatigue, myalgias, abdominal pain, and malaise following a
2–21 day incubation period. The VHFs are a group of disor-
ders caused by filoviruses (Marburg, Ebola), arenaviruses
(Lassa fever), and other related viruses. As the diseases
progress, increased vascular permeability underlies many of
the clinical findings. These findings include gastrointestinal
bleeding, generalized mucous membrane hemorrhage, pe-
techial or ecchymotic rash, conjunctival injection, nonde-
pendent edema, and hypotension. These diseases may
progress rapidly to shock and death (10).

Diagnostic Evaluation

Routine laboratory testing may indicate leukopenia,
thrombocytopenia, elevated hepatic aminotransferases,
and prolonged prothrombin time (PT) and activated par-
tial thromboplastin time (aPTT). No widely available rapid
testing is available for the viruses responsible for VHFs.
Definitive serologic diagnostic testing is available through
government laboratories. Because of the highly contagious
nature of these diseases, great care should be taken in han-
dling all body fluid specimens.

Prophylaxis and Treatment

There is no widely available vaccine for VHFs. In limited
studies, ribavirin administered intravenously has been
effective in treating some cases of Lassa fever and Argen-
tine hemorrhagic fever. Postexposure prophylaxis with
orally administered ribavirin also seems to be effective.
Otherwise, treatment is supportive and includes adminis-
tration of crystalloids, blood products, and pressors as in-
dicated.

Infection Control

Contact and droplet precautions, including the use of
HEPA filter masks, should be employed when caring for

patients with VHFs, particularly in cases with respiratory
involvement. In patients with prominent cough, vomit-
ing, diarrhea, or hemorrhage, a negative pressure room is
recommended to prevent aerosol transmission of the dis-
ease. Decontamination of infected materials with house-
hold bleach is adequate (10).

ISSUES AT THE TIME OF ADMISSION
OR PRESENTATION

Perhaps the most difficult problem at the time of initial
hospitalization is how to best utilize limited resources.
The use of an emergency management organizational
plan, such as the Hospital Emergency Incident Com-
mand System (HEICS), is critical in a mass casualty situ-
ation. HEICS utilizes a standardized organizational chart
with predefined job roles and task checklists, which are
widely adopted by other responding agencies. Job titles
with specific roles and color-coded vests or armbands
help delineate individual functionality to other staff
members. Systems such as this can be tailored to the spe-
cific organization or situation and are critical in man-
agement of limited resources during crises.

Another critical issue at the time of initial contact is de-
termining whether patients need to be hospitalized. Pa-
tients mildly affected by a highly contagious disease agent
for which only supportive care is available may be better
served with home isolation and quarantine rather than
hospitalization. Patients who are hemodynamically
unstable or require aggressive supportive care should be
admitted to intensive care units, preferably with con-
tained air-handling or negative pressure capabilities when
an aerosolizable pathogen may be involved. Patients who
are concerned that they may have been exposed and have
no findings of disease should receive appropriate prophy-
laxis and be followed on an outpatient basis.

During a bioterrorism incident, people seeking medi-
cal evaluation can be expected to overwhelm hospitals.
Significant numbers may be suffering from anxiety and
stress-induced physical symptoms that may mimic the
effects of exposure. Thus, hospital staff dealing with a
bioterrorism incident will be challenged by the need to
triage patients who show signs of having been infected
by an agent and others whose symptoms are psychogenic
in origin. Coupling appropriate triage protocols with the
availability of psychological support staff is vital. When
dealing with patients who have mild symptoms, an ob-
servation area may help facilitate recovery of the “wor-
ried well” and identification of those who are truly ill.
Hospital organizations should have an alternative site
identified and equipped (e.g., ambulatory clinics, physi-
cal therapy area), with personnel trained in assisting the
ED, for when large numbers of casualties arrive or are
expected.
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ISSUES DURING THE COURSE
OF HOSPITALIZATION

Dealing with a bioterrorism or large-scale infectious disease
outbreak can also be expected to subject hospital personnel
to high levels of sustained physical and psychological stress.
Staff members will be working long hours under additional
stressors and will be exposed to infectious agents. Under
these circumstances, health care workers can be expected to
fall ill, as occurred in the SARS outbreak of 2003 (11). In ad-
dition to fatigue, health care workers will have to cope with
additional personal protective equipment, prophylactic
medications, and concerns for their own health and that of
their family members. With this in mind, some health care
workers may choose not to come to work, further dimin-
ishing the capacity of the health care system. Appropriate
education and planning efforts may increase the confidence
of staff and physicians in maintaining personal safety while
carrying out their professional roles.

In addition to potential staffing issues, hospitals must ad-
dress equipment and supply issues. For most hospitals, even
small numbers of additional patients requiring isolation or
mechanical ventilation could prove to be overwhelming.
Personal protective gear, medications, disinfectant supplies,
and other disposable equipment may be consumed rapidly.
While bioterrorism “push packs” of medications and other
supplies are readily available from the Strategic National
Stockpile managed by the CDC, it is important that hospitals
make efforts to assess their needs for additional supplies and
equipment from other resources in order to maintain the
appropriate readiness for mass casualties. For urban hospi-
tals, interactions with the Metropolitan Medical Response
System and their local or state Emergency Management As-
sociation provide a source of community-based supplies for
disasters.

Early communication with government and public health
authorities at the local, regional, state, and national level is vi-
tal. Because of the importance of establishing causality and
isolating perpetrators, hospital personnel must work with
public health and public safety to preserve and maintain a
chain of evidence. A hospital-based command center will
help coordinate the appropriate dissemination of public
information with local authorities, medical staff, hospital
administration, and the public information officer. This co-
ordination enables public health authorities to assist
with triage, supplies, and diagnosis, while enabling law en-
forcement to assist with crowd control and quarantine or
isolation.

ISSUES AT THE TIME OF
HOSPITAL DISCHARGE

As with any patient who recovers from a grave illness,
follow-up is vitally important, not only to ensure the

patient’s well-being, but also for public health surveillance.
Any patient who survives a bioterrorist attack should be
closely monitored after discharge for signs of disease recur-
rence or long-term sequelae from the disease or its treat-
ment. In addition, patients may suffer psychological conse-
quences, including anxiety, paranoia, and posttraumatic
stress disorder. Appropriate counseling should be provided.

KEY POINTS

■ Recent concerns over bioterrorism have exposed our un-
derpreparedness for both bioterror attacks and large-scale
casualties from naturally occurring emerging infections.

■ A clear communication plan must be coupled with vig-
orous planning and simulations to adequately prepare
hospitals for bioterrorism attacks.

■ The rapid implementation of a post-attack prophylaxis
program is the most important strategy to limit losses
following a bioterrorism attack.

■ Evidence-based guidelines for managing emerging infec-
tions (including those potentially spread by bioterror)
are maintained by federal agencies such as the Centers
for Disease Control and the Agency for Healthcare Re-
search and Quality.

■ At the time of a large bioterror attack, hospitals must be
prepared to triage, communicate (within their walls and
with appropriate authorities), and deal with the psycho-
logical issues of patients, the “worried well,” and providers.
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INTRODUCTION

The global pandemic of HIV infection continues 25 years
after the recognition of the first cases of AIDS in North
America. In the United States, an increasing number of
cases are attributed to sexual transmission between hetero-
sexuals or injection drug use. In urban settings, minority
populations are disproportionately affected. The incidence
of HIV infection has increased in rural regions and parts of
the country, such as the southeastern states, that had for-
merly been spared, and women now account for more than
25% of Americans living with HIV infection.

Before the era of prophylaxis and treatment of oppor-
tunistic infections, the course of HIV disease was often
biphasic. Years of indolent immunologic decline and rela-

tive paucity of symptoms were followed by rapidly pro-
gressive immunodeficiency, complicated by malignancies
and multiple bouts of infection, which often proved fatal.
The risk for certain infections rises markedly as the number
of CD4 lymphocytes (normal �500/�L) declines below
key levels (Table 74.1).

The use of prophylactic antibiotic therapy appropriate
for the stage of disease led to significant declines in the in-
cidence of Pneumocystis jirovecii pneumonia (formerly 
P. carinii, though still abbreviated “PCP”) and Mycobac-
terium avium complex (MAC) infection, but patients con-
tinued to be hospitalized and die of other complications of
advanced immunodeficiency, such as dementia, wasting,
and high-grade non-Hodgkin’s lymphoma.

The development of zidovudine (AZT) and other nucleo-
side reverse transcriptase inhibitors marked the beginning of
the era of antiretroviral therapy. Administration of this first
generation of drugs, alone or in combination with other
drugs, resulted in modest prolongation of life but did not
prevent progression of the underlying immunodeficiency.
The face of antiretroviral therapy changed markedly in the
mid-1990s. A better understanding of the pathogenesis of
HIV disease and the introduction of two more classes of
agents (non-nucleoside reverse transcriptase inhibitors and HIV
protease inhibitors) allowed the design of combination 
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regimens that resulted in more potent suppression of viral
replication. The paradigm shift was catalyzed by the recogni-
tion that active viral replication in blood, lymphoid tissue,
and other compartments is continuous from the time of ini-
tial HIV infection and accounts for the progressive loss of im-
mune function during the presymptomatic phase of illness.
Furthermore, sensitive tests were developed that measured
serum HIV RNA levels, and these measurements were found
to be the single best predictors of disease progression and death in
patients who had not received antiretroviral therapy (1). For
example, persons with a baseline value of 5,000 copies per
milliliter have a cumulative risk for disease progression of
30% if followed off therapy for nine years; this risk is 75% if
the count is 50,000 copies per milliliter. When antiretroviral
therapy is used, it is always given as a combination of at
least three drugs at full dosage, with the goal of reducing vi-
ral load to below detectable limits and thereby minimizing
the chance of development of drug-resistant mutations.
When patients on antiretroviral combinations are hospital-
ized, every effort should be made to continue the drugs.
Should dose interruption become necessary, the entire regi-
men should be stopped rather than risking the development
of drug resistance by administering a partial, suboptimally
effective combination. Because several of these agents induce
or inhibit one of the cytochrome P-450 enzymes, drug inter-
actions may occur with many classes of agents used in the
hospital, including antiarrhythmics, sedative/hypnotics, an-
ticonvulsants, and calcium channel blockers. Some of the
most important interactions are shown in Table 74.2 (2).

Many patients who have tolerated and adhered to regi-
mens of highly active antiretroviral therapy (HAART) have had
extraordinarily gratifying responses, achieving clinical sta-
bility and partial immunologic reconstitution reflected by
increases in the CD4 lymphocyte count. This has accounted
for a marked decrease in hospitalization and mortality rates
for HIV-related complications among patients receiving this
therapy (3). However, the enthusiasm for HAART has been
somewhat tempered by the recognition of long-term toxic-

ity of these regimens, including mitochondrial toxicity lead-
ing to lactic acidosis, and metabolic pertubations including
glucose intolerance and hyperlipidemia. The latter two
problems have raised concerns that patients receiving this
therapy might be at increased risk for premature atheroscle-
rosis. Finally, physicians must recognize that successful
antiretroviral therapy may alter the natural history of op-
portunistic complications of HIV infection. The immune re-
constitution syndrome may be observed within several
months of initiation of HAART and is manifested as para-
doxical worsening of undiagnosed or partially treated infec-
tions such as CMV or tuberculosis (4).

TABLE 74.1
RISK FOR OPPORTUNISTIC INFECTIONS 
BY CD4 STRATUM

CD4 cell count
(per cubic millimeter) Infections

200–500 Bacterial pneumonia, herpesvirus
infection, mucosal candidiasis,
oral hairy leukoplakia, tuberculosis

50–200 Pneumocystis jirovecii pneumonia
(PCP), cryptococcal meningitis,
toxoplasmosis

�50 Cytomegalovirus (CMV),
Mycobacterium avium complex
(MAC), progressive multifocal
leukoencephalopathy TABLE 74.2

DRUG INTERACTIONS WITH HIV 
PROTEASE INHIBITORS

Drug levels raised to toxic range by indinavir, nelfinavir,
and ritonavir: do not coadminister

Amiodarone Midazolam
Astemizole Quinidine
Ergot alkaloids Triazolam

Drug levels raised to toxic range by ritonavir: 
do not coadminister

Alprazolam Flecainide
Bupropion Flurazepam
Clonazipine Meperidine
Clorazepate Piroxicam
Diazepam Propafenone
Encainide Zolpidine

Drug levels raised 1.5-fold to 3-fold by ritonavir:
coadminister with caution and close monitoring

Amlodipine Nifedipine
Carbamazepine Nimodipine
Dexamethasone Ondansetron
Diltiazem Pravastatin
Dronabinol Prednisone
Erythromycin Quinine
Fentanyl Sertraline
Felodipine Tamoxifen
Lidocaine Trazodone
Lovastatin Verapamil
Nicardipine Warfarin

Drugs that affect concentration of HIV 
protease inhibitors

Carbamazepine Decreases nelfinavir levels; avoid
coadministration.

Ketoconazole Increases indinavir, nelfinavir levels;
reduce dose of protease inhibitor.

Phenobarbital Decreases nelfinavir levels; avoid
coadministration.

Phenytoin Decreases nelfinavir levels; avoid
coadministration.

Rifampin Decreases indinavir levels; avoid
coadministration.
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Patients admitted to the hospital with complications
of HIV infection discussed below and in the chapters that
follow may have previously been unaware of their HIV
infection, had little or no access to ongoing medical care, or
been unable to cope with the significant toxicity and ad-
herence demands of combination antiretroviral therapy. In
contrast, patients who have benefited from aggressive ther-
apy and monitoring are living longer and becoming in-
creasingly likely to be hospitalized for unrelated medical
problems (3).

SYMPTOMS, SIGNS, AND LABORATORY
ABNORMALITIES

Fever

When Presenting at the Time of Admission

Fever, either alone or in combination with other findings,
is a common symptom and sign in HIV-infected adults. Be-
cause fever is ubiquitous during the course of HIV infection
and the differential diagnosis is broad, the evaluation
should take into consideration acuity versus chronicity, risk
for opportunistic infection given disease status (see above
and Table 74.1), and the presence or absence of other lo-
calizing findings or laboratory abnormalities.

The initial consideration in a patient who presents with
acute or subacute onset of fever is bacterial infection, which
occurs at increased frequency during all stages of HIV dis-
ease. Common sources include the lower respiratory tract
and sinuses. Endocarditis should be considered in persons
actively injecting drugs (Chapter 71), and catheter-associ-
ated infections should be suspected in patients with in-
dwelling catheters (Chapter 72). The presence of diarrhea
raises the question of enteric pathogens, and headache and
altered mental status make it imperative to exclude bacte-
rial meningitis. The history and examination should focus
on attempting to define possible sources of bacterial infec-
tion. Laboratory evaluation follows the prototypical ap-
proach to fever (Chapter 62), with acquisition of blood and
other cultures as clinically indicated. Note that the sensitiv-
ity of cultures in patients on antimicrobial agents for 
opportunistic infection prophylaxis may be decreased. Be-
cause pneumonia secondary to unusual pathogens such as
Nocardia and Pseudomonas aeruginosa can develop in HIV-
infected adults, sputum culture may be more useful in
these patients than in immunocompetent patients with
community-acquired pneumonia (Chapter 65).

Once the evaluation is complete, patients with known
sources are treated accordingly with antimicrobials.
Although there are no data about immediate treatment
versus observation for those without a clear source, the
treatment threshold for hospitalized patients in general
should be low, particularly because the incidence of bac-
teremia with invasive infection caused by certain organisms

(e.g., pneumococci) is high. HIV-infected patients with
fever and neutropenia secondary to cytotoxic chemother-
apy should always receive empiric antibiotics, and those
with neutropenia secondary to other medications, such as
AZT or ganciclovir, may also be at increased risk for bacte-
rial infection.

When fever at the time of presentation is more chronic in
nature, the prior probability of bacterial infection (with the
notable exception of sinusitis) decreases, and opportunistic
infections and other complications become more likely.
Importantly, clinical series studying unexplained fevers in
HIV-positive patients suggest that an etiology can be found
approximately 90% of the time (5); the corollary to this is
that a “diagnosis” of “fever due to HIV” should be regarded
with suspicion. The most common diagnoses in HIV-
infected patients presenting with chronic fever are occult
PCP and disseminated MAC. Various clinical and laboratory
findings may suggest other diagnoses (Table 74.3).

A cost-effective diagnostic evaluation will consider epi-
demiologic information in addition to the clinical data al-
ready discussed. For example, the probability of Bartonella
infection rises in the patient who owns kittens, as does the
probability of histoplasmosis in the patient from the mid-
western United States. Judicious use of the microbiology
laboratory in advanced disease, especially to detect serum
cryptococcal antigen and MAC in blood cultures, is appro-
priate, but extensive and repeated culturing adds little to
the diagnostic yield in most cases. Similarly, no data sup-
port the routine use of imaging studies such as computed
tomography of the central nervous system or abdomen if
localizing signs or symptoms are absent. More invasive test-
ing is guided by initial diagnostic results.

Specific therapy is initiated if a treatable diagnosis is es-
tablished. If no explanation for fever is obtained during the
hospitalization, observation (with or without the adminis-
tration of antipyretics) is reasonable for stable patients.
Empiric antimicrobial trials may be considered when
suspicion for a given underlying opportunistic infection is

TABLE 74.3
CHRONIC FEVER IN HIV-INFECTED PERSONS

Symptom/finding Associated diagnoses

Skin lesions Herpes virus, Bartonella,
Mycobacterium haemophilum,
drug fever

Lymphadenopathy Mycobacteria, lymphoma
Hepatosplenomegaly Mycobacteria, Bartonella,

histoplasmosis, lymphoma
Abdominal pain Mycobacterium avium complex,

cytomegalovirus, lymphoma
Visual complaints Cytomegalovirus
Headache/neurologic Cryptococcal meningitis,

findings toxoplasmosis
New hematologic Mycobacteria, histoplasmosis,

abnormalities lymphoma
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reasonably high. For example, a trial of agents effective
against MAC may be justified in a patient with chronic
fever, anemia, and a CD4 cell count below 50/�L whose
evaluation is otherwise unrevealing and whose MAC blood 
culture results are pending (Chapter 67).

When Presenting During the Hospitalization

When fever supervenes during the course of hospitaliza-
tion, nosocomial bacterial infections are the greatest con-
cern, and the evaluation and therapeutic approach should
proceed as in other patient populations (Chapter 62). Be-
cause HIV-infected persons are also predisposed to allergy
to multiple classes of drugs (especially antibiotics), this is
the other important consideration in the differential diag-
nosis. As is the case with other forms of drug fever, patients
may have isolated fever or fever with additional findings,
such as rash, hematologic cytopenias, and liver enzyme ab-
normalities. A typical time course is the development of
fever 7–10 days after initiation of therapy (e.g., trimetho-
prim-sulfamethoxazole for PCP). Given this differential di-
agnosis, costly evaluation for new opportunistic processes
is not initially indicated when fever occurs as a new issue
during hospitalization.

Lymphadenopathy

The significance of and approach to lympadenopathy in an
HIV-positive person are guided by the pattern of nodal
enlargement and stage of HIV disease. Persistent isolated
or asymmetric lymphadenopathy should always be as-
sumed to represent a secondary infectious or neoplastic
process. The most frequent pathogens are Mycobacterium
tuberculosis and MAC, although fungal infections and bar-
tonellosis may also present with localized lymphadenopa-
thy. Necrotizing adenitis caused by MAC is a common
manifestation of immune reconstitution in individuals
started on HAART when CD4 cell counts are below 50/�L.
Kaposi’s sarcoma (KS), lymphoma, and other lymphopro-
liferative lesions, such as Castleman’s disease, are the most
likely neoplasms. The diagnostic utility of noninvasive tests
is limited; lymph node sampling must be performed for
diagnosis. Cytologic examination and microbiologic
staining and culture of a fine-needle aspirate may be suffi-
cient to establish the diagnosis, but this procedure should
be followed by excisional lymph node biopsy if it is nondi-
agnostic.

Generalized lymphadenopathy presents a different set of
considerations. Syphilis can manifest this way and is always
important to exclude, as many HIV-infected adults are at
risk for exposure to other sexually transmitted diseases.
Some patients with early HIV disease and preserved im-
mune function have persistent generalized adenopathy,
which reflects active HIV replication in lymphoid tissue.
Lymph node sampling will reveal only reactive lymphoid
hyperplasia in these cases; thus, generalized adenopathy

does not require further evaluation in an asymptomatic per-
son with a preserved CD4 cell count and a normal complete
blood cell count. Interestingly, adenopathy usually wanes
as immunodeficiency progresses. Therefore, the presence of
new or progressive generalized adenopathy in a patient with
advanced immunodeficiency should prompt lymph node
sampling to investigate the diagnoses mentioned above.

Rash

A wide array of inflammatory, allergic, infectious, and neo-
plastic skin lesions can develop in HIV-infected persons,
and a full discussion of these is beyond the scope of this
chapter. The constellation of fever and rash in general is
discussed in Chapter 62. This section reviews several cuta-
neous eruptions that may be particularly important in the
hospitalized HIV-infected patient.

Raised red or purple lesions may represent KS or bacil-
lary angiomatosis caused by Bartonella species. Although
some morphologic features may be more suggestive of one
lesion than another, punch biopsy with silver staining for
organisms is often necessary for definitive diagnosis.
Recognition of cutaneous KS may provide important clues
in patients with unexplained pulmonary or gastrointestinal
complaints or lymphadenopathy. Similarly, cutaneous
bacillary angiomatosis, which must be treated in its own
right, may also be an important indicator of systemic dis-
ease with bacteremia, in addition to skeletal, hepatic, and
lymphatic involvement.

A diffuse maculopapular exanthem most often repre-
sents a drug reaction to antimicrobial agents, antiretroviral
drugs, anticonvulsants, or other classes of drugs. Patients
with this finding should be carefully examined for desqua-
mation and involvement of conjunctiva and oral mucosa
that indicate Stevens-Johnson syndrome. A small number
of HIV-infected patients with recurrent staphylococcal toxic
shock syndrome have also been described, so it is impor-
tant to search for other clinical and laboratory criteria
(Chapter 25) for this diagnosis in patients who present
with a generalized exanthem.

Vesicles are most commonly indicative of herpes simplex
or herpes zoster, but they may also be seen with other op-
portunistic infections. If lesions do not clearly follow a der-
matomal pattern, establishment of the specific viral agent
may affect dose and duration of antiviral therapy (herpes
zoster requires higher dosing than does herpes simplex).
Currently, this is most rapidly accomplished by scraping
the base of a fresh vesicle and swabbing a slide, which is
then air-dried and stained for viral antigen.

Finally, a petechial or purpuric rash in an afebrile pa-
tient may imply significant thrombocytopenia that is a
consequence of either HIV-related immune-mediated
platelet destruction, drug toxicity, or thrombotic microan-
giopathy. This finding warrants checking platelet count,
performing coagulation studies, and examining the periph-
eral blood smear for findings of microangiopathy.
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Hepatosplenomegaly

Enlargement of the liver, spleen, or both may be caused by
HIV-related processes or by unrelated comorbidities. Pa-
tients who have acquired HIV through sexual exposure are
clearly at higher risk for hepatitis B and probably also have
a slightly elevated risk for hepatitis C infection. Needle-
sharing injection drug users are at risk for both hepatitis B
and hepatitis C. Alcoholic liver disease is common in HIV-
infected adults, as alcohol abuse is a frequent comorbidity.
In general, these hepatic diseases are more likely than HIV-
specific processes to lead to complications of portal hyper-
tension and liver failure. In immunodeficient persons with
HIV infection, hepatitis C can have a more aggressive
course because viral replication and hepatic injury occur
more rapidly.

The infections and malignancies that secondarily in-
volve the liver and spleen generally do so during the course
of widespread systemic involvement. Thus, symptoms such
as weight loss and fever are common. Common infiltrative
infections include mycobacterial disease, fungal disease
(particularly histoplasmosis and cryptococcosis), and bar-
tonellosis, which leads to a distinctive picture of hep-
atosplenic peliosis. In Africa and the Mediterranean region,
visceral leishmaniasis is an important diagnostic consider-
ation. Lymphoma and metastatic malignancy account for
the majority of neoplastic hepatic lesions, whereas KS may
involve the spleen and extrahepatic bile ducts but rarely in-
volves the liver. Nonspecific laboratory findings (e.g., ane-
mia, elevated alkaline phosphatase) are commonly seen
with all these diagnoses, but their predictive value is poor.
Marked pancytopenia may be more suggestive of histoplas-
mosis or leishmaniasis, whereas marked elevation of lac-
tate dehydrogenase is characteristic (but not diagnostic) of
high-grade lymphoma. Microbiologic studies of blood in
the evaluation of hepatosplenomegaly often obviate the
need for liver biopsy. Appropriate studies include fungal
and mycobacterial blood cultures and determination of the
serum cryptococcal antigen titer. If the patient has resided
in an area endemic for histoplasmosis, a urine antigen test
should also be ordered.

Liver biopsy should be performed only if these less in-
vasive studies are unrevealing.

Abnormal Liver Enzymes

Elevated hepatic aminotransferases should first and fore-
most prompt the usual considerations of underlying viral
hepatitis or alcoholic liver disease in an HIV-infected
patient (Chapter 82). Of the opportunistic infections, only
cytomegalovirus (CMV) infection causes prominent hepa-
tocellular injury, and mild aminotransferases rises are com-
monly noted during active CMV infection of other organs.
When newly elevated aminotransferases are observed in
HIV-infected persons, drug-related hepatotoxicity should
also be considered. Common offenders include ritonavir,

nevirapine, antituberculous agents (isoniazid, rifampin,
pyrazinamide), trimethoprim-sulfamethoxazole, flucona-
zole, and didanosine (DDI). Flares of underlying hepatitis
B or C may occur with immune reconstitution. When pos-
sible, potentially hepatotoxic drugs should be discontin-
ued and other agents substituted to assess the potential
contribution to abnormal enzymes. The HIV protease in-
hibitor indinavir commonly causes isolated hyperbiliru-
binemia without aminotransferase elevation; this finding
should not provoke dose interruption.

Rises in hepatobiliary alkaline phosphatase are com-
mon in patients with advanced HIV disease. Abdominal
imaging should be performed to differentiate between ob-
structive and nonobstructive etiologies (Chapter 84). Be-
cause gallstone disease is less likely in this setting than in
the general population, computed tomography is preferred
over ultrasonography as the initial imaging study because
of the anatomic detail of the liver and surrounding struc-
tures it provides. When variable intrahepatic and extrahep-
atic biliary obstruction is demonstrated and no mass lesion
is seen, the most likely diagnosis is AIDS cholangiopathy, a
fibrosing process sometimes seen in association with CMV,
Cryptosporidium, or microsporidial infection of the biliary
tree. Diffuse abdominal or right upper quadrant pain is
common with this syndrome, and rarely bacterial cholan-
gitis may supervene. Endoscopic retrograde cholangiopan-
creatography may be considered because sphincterotomy
provides symptomatic benefit to about half those patients
with pain. However, the symptoms commonly recur. An-
timicrobial therapy of associated opportunistic infections
has not resulted in any improvement in the progressive
course of AIDS cholangiopathy.

If biliary obstruction is excluded by right upper quad-
rant imaging, the differential diagnosis in the presence of
elevated alkaline phosphatase shifts to cholestatic and
infiltrative disorders. Medications especially likely to cause
cholestasis are trimethoprim-sulfamethoxazole, antituber-
culous drugs, and phenothiazines. Occasionally, hepatic
involvement with CMV disease manifests with a cholestatic
pattern. All the infiltrative opportunistic infections and
neoplasms listed above in the differential diagnosis of
hepatomegaly may be accompanied by a rise in alkaline
phosphatase. Computed tomography may show homoge-
neous enlargement of the liver, multiple inflammatory
lesions, or a smaller number of space-occupying lesions;
the presence of large mass lesions points toward lym-
phoma, but the ability of imaging studies to distinguish
between this neoplasm and infections is limited. As was
previously discussed for the evaluation of hepatomegaly,
the yield of liver aspiration and biopsy is low for treatable
diagnoses, and so these procedures are reserved for situa-
tions in which less invasive tests and biopsy of tissue from
other sites fail to establish a diagnosis. In patients with
advanced disease, MAC infection is statistically the most
likely explanation for multiple liver lesions and alkaline
phosphatase elevation.
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Elevated Creatinine

The approach to azotemia in a person with underlying
HIV infection must be broadly based because a significant
proportion of cases of renal failure are a consequence not of
HIV-specific renal pathology but rather of a variety of problems
common to all hospitalized patients (Chapter 100). Thus, hy-
povolemia, hypotension, sepsis, and the nephrotoxicity of
drugs such as aminoglycosides and nonsteroidal anti-
inflammmatory agents all may play important roles.

With this caveat, several HIV-related renal problems do
deserve consideration in the setting of increasing creatinine
levels (6). Several of the antimicrobial agents used to treat
opportunistic infections may cause renal failure. Trimetho-
prim-sulfamethoxazole can lead to an acute interstitial
nephritis; the urine sediment often shows leukocytes with or
without cellular casts. This drug may also cause isolated hy-
perkalemia via inhibition of potassium tubular secretion,
but it is unusual for this to be a dose-limiting toxicity. An-
other sulfa drug, sulfadiazine, may cause obstructive renal
failure through deposition in the distal tubules because of its
poor solubility. Thus, if patients are being treated with high
doses of sulfadiazine for toxoplasmosis, vigorous hydration
is necessary to prevent this complication. Pentamidine,
which is used for the treatment of PCP, may also cause tubu-
lar injury that leads to hyperkalemia or acute renal failure.
Tenofovir, a nucleotide antiviral drug, may rarely cause prox-
imal tubular dysfunction and hypokalemia. The HIV pro-
tease inhibitor indinavir may crystallize in urine and cause
clinically apparent nephrolithiasis in 15% of patients taking
this drug; cases of acute and chronic renal failure from inter-
stitial nephritis are also reported.

The incidence of thrombotic thrombocytopenic purpura
is also increased in HIV-seropositive patients; it can be trig-
gered by intercurrent infection. In this case, other clinical
findings, such as fever and altered mental status, accom-
pany the renal failure. Laboratory abnormalities include
thrombocytopenia and marked elevation of lactate dehy-
drogenase in addition to azotemia and microscopic hema-
turia. Obstructive uropathy should always be considered in
patients with known lymphoma because of the possibility
of retroperitoneal involvement. Finally, HIV nephropathy
refers to several different histologic abnormalities that may
lead to acute renal failure or, more commonly, progressive
renal dysfunction and end-stage renal disease. Focal scle-
rosing glomerulonephritis is the most common pathologic
pattern and tends to present with nephrotic-range protein-
uria before the onset of renal failure. Patients who present
with the nephrotic syndrome may be candidates for renal
biopsy to exclude other potentially treatable glomerular le-
sions. Aggressive antiretroviral therapy may prevent or at-
tenuate the course of HIV nephropathy.

Anemia

Mild anemia with hematocrits in the range of
30%–35% is common as a result of both HIV disease and

its treatment, and in general it does not warrant extensive
evaluation. Patients with advanced HIV infection often
have a component of anemia of chronic disease with in-
appropriately low reticulocyte counts. Another common
contributor to chronic anemia is AZT therapy, which leads
to macrocytosis and anemia. Mean corpuscular volume
may reach 130 fL as a result of AZT administration alone,
without signifying one of the common causes of mega-
loblastic anemia. However, the presence of megaloblastic
changes in polymorphonuclear leukocytes does warrant
the exclusion of vitamin B12 or folate deficiency. More
than 50% of patients with the nonspecific anemia of HIV
infection or AZT-associated anemia have low circulating
levels of endogenous erythropoietin; if so, they will usu-
ally respond to recombinant erythropoietin therapy. The
mean dose required for response in these patients is
25,000 units per week, administered subcutaneously in
three divided doses. In general, this therapy is reserved for
patients who have symptoms related to moderate or se-
vere anemia. Responders show a trend toward normaliza-
tion of the hematocrit within two to four weeks of the
start of therapy.

Patients who may require more detailed evaluation of
anemia include those with more severe anemia (hemat-
ocrit less than 25%–27%), rapid onset of anemia (which
is atypical of the etiologies mentioned above), or coexis-
tent abnormalities of other blood cell lines. The diagnosis
of hemolysis or blood loss may be obscured by the in-
ability of chronically ill patients to mount an appropriate
reticulocytosis. Acute blood loss should always be consid-
ered in the hospitalized patient with a hematocrit drop.
Gastrointestinal bleeding is more likely to result from one of its
usual etiologies than from HIV-related complications of the
gastrointestinal tract (Chapter 78). HIV-specific lesions that
may rarely present with frank gastrointestinal bleeding in-
clude lymphoma, KS, and CMV colitis.

Although many patients have a positive microscopic di-
rect antiglobulin (Coombs’) test result as a consequence of
the hyperglobulinemia caused by HIV, clinically important
autoimmune hemolytic anemia is very uncommon.
Hemolytic processes that deserve consideration include
thrombotic thrombocytopenic purpura (see “Elevated Cre-
atinine”) and unrecognized glucose 6-phosphate dehydro-
genase deficiency in African-American or Mediterranean
patients receiving drugs such as dapsone or trimethoprim-
sulfamethoxazole.

Severe anemia resulting from bone marrow failure
can be an isolated hematologic abnormality or can be ac-
companied by other depressed cell lines. Although any of
the infiltrative disorders that involve marrow can cause
anemia alone, the development of a hypoproliferative
normochromic, normocytic anemia makes several diag-
noses more likely. An uncommon pattern of antiretroviral
hematologic toxicity is AZT-induced pure red cell aplasia.
Patients who experience this toxicity typically have
profound suppression of hematopoiesis and a dramatic
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fall of the hematocrit within weeks of beginning AZT ther-
apy. The time course and absence of macrocytosis differ-
entiate this response from the more common hematologic
effects of this drug mentioned above. Hematopoiesis gen-
erally recovers when AZT is discontinued. Red cell aplasia
can also occur as a result of parvovirus B19 infection. In
contrast to immunocompetent children, in whom fever,
rash, or arthritis often develop during this infection, HIV-
infected adults most frequently have bone marrow sup-
pression as the predominant or sole clinical manifestation
of parvovirus infection. Rapid diagnosis can be estab-
lished by examining the serum for viral genome with a
polymerase chain reaction assay, a highly sensitive test in
this setting because of the intensity and duration of
viremia in these immunocompromised hosts. If par-
vovirus B19 is diagnosed, the therapy of choice is infusion
of pooled immunoglobulin, which contains adequate
neutralizing antibody to clear the infection and thereby
resolve the red cell aplasia. In patients with advanced dis-
ease and CD4 cell counts of less than 50/�L, the most
common etiology of isolated severe hypoproliferative ane-
mia is disseminated MAC infection. As is the case when
MAC infection presents in the liver, other symptoms and
signs of widespread infection are often present. The diag-
nosis is usually established by blood cultures with use of
appropriate media.

When multiple cell line abnormalities are present,
other marrow infiltrative processes deserve consideration.
Because splenic infiltration also occurs with these dis-
eases, the etiology of cytopenias may be multifactorial,
with hypersplenism playing a role. Non-Hodgkin’s lym-
phoma, tuberculosis, and cryptococcosis can all present
with prominent hematologic abnormalities, and other
signs and laboratory findings that accompany these dis-
eases should be elicited. An important diagnostic point is
that only one-third of HIV-related lymphomas present with
lymphadenopathy; thus, the absence of this finding does
not exclude the diagnosis. Pancytopenia is particularly
common in HIV-infected patients with disseminated
histoplasmosis. This endemic opportunistic infection may
have protean manifestations, including acute or chronic
fever, systemic inflammatory response syndrome, intersti-
tial pulmonary infiltrates, acute renal failure, and dissem-
inated intravascular coagulation. A urine polysaccharide
antigen assay has a sensitivity of 97% in cases of extra-
pulmonary histoplasmosis in HIV-positive patients; false-
positive results have been reported only with other
invasive fungal infections, such as coccidioidomycosis
and blastomycosis (7).

Nonspecific bone marrow abnormalities are common
in HIV-infected patients, but the likelihood of finding
previously undiagnosed treatable lesions via bone mar-
row sampling is very low. All the etiologies of anemia
discussed above can be diagnosed by alternative means.
Before the availability of urine antigen testing, bone
marrow aspiration and biopsy were useful for the diagno-

sis of histoplasmosis, but the antigen test has obviated
the need for marrow sampling to establish this diagno-
sis. Studies reviewing the evaluation of HIV-infected
patients for fever of unknown etiology generally confirm
the poor diagnostic utility of this test (8). Thus, bone
marrow sampling should rarely be used in this popula-
tion, except as a staging procedure for systemic lym-
phoma.

KEY POINTS

■ The prognosis of HIV infection has improved with effec-
tive antiretroviral therapy.

■ Disease stage is an important determinant of whether
acute medical problems are HIV-related or incidental
(i.e., the more advanced the disease, the more likely a
complication is to be HIV-related).

■ In the hospital, antiretroviral drugs should be continued
when possible, but beware of drug interactions.

■ Fever should be evaluated based on the company that it
keeps (disease stage, signs, symptoms, and laboratory
abnormalities).

■ In the hospitalized patient, new fever more likely repre-
sents nosocomial infection or drug reaction than a new
opportunistic infection.

■ Several rash morphologies provide important diagnostic
clues for systemic disease.

■ Hepatosplenomegaly and hematologic abnormalities
often signify disseminated infection or neoplasm, but
biopsy of liver or marrow is rarely helpful diagnostically.

■ Acute renal failure is more likely to be secondary to
factors that are not HIV-specific than to be attributable to
HIV nephropathy.

REFERENCES

1. Mellors JW, Munoz A, Giorgi JV, et al. Plasma viral load and CD4�
lymphocytes as prognostic markers of HIV-1 infection. Ann Intern
Med 1997;126:946–954.

2. Drugs for HIV infection. Med Lett Drugs Ther 1997;39:111–116.
3. Cohen MH, French AL, Benning L, et al. Causes of death among

women with human immunodeficiency virus infection in the
era of combination antiretroviral therapy. Am J Med 2002;113:
91–98.

4. Sempowski GD, Haynes BF. Immune reconstitution in patients
with HIV infection. Ann Rev Med 2002;53:269–284.

5. Sepkowitz KA, Telzak EE, Carrow M, Armstrong D. Fever among
outpatients with advanced human immunodeficiency virus infec-
tion. Arch Intern Med 1993;153:1909–1912.

6. Herman ES, Klotman PE. HIV-associated nephropathy: epidemiol-
ogy, pathogenesis, and treatment. Semin Nephrol 2003;23:
200–208.

7. Wheat J. Histoplasmosis: recognition and treatment. Clin Infect Dis
1994;19 (Suppl 1):S19–S27.

8. Volk EE, Miller ML, Kirkley BA, Washington JA. The diagnostic
usefulness of bone marrow cultures in patients with fever of un-
known origin. Am J Clin Pathol 1998;110:150–153.

26410 ch 074  3/12/05  10:59 AM  Page 727



26410 ch 074  3/12/05  10:59 AM  Page 728



Pulmonary

Manifestations of HIV

Infection
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INTRODUCTION

Pulmonary disease is a common reason for hospital admis-
sion among persons with HIV infection. The spectrum of
pulmonary disease is broad and includes HIV-associated as
well as non–HIV-associated disorders. As a result, the diag-
nostic approach to respiratory symptoms in an HIV-infected
person can be challenging. However, knowledge of the
spectrum of pulmonary disease and of the characteristic
presentations of the most common diseases often enables
the differential diagnosis to be narrowed. This chapter offers
an overview of the spectrum of pulmonary disease in HIV-
infected persons and describes a diagnostic approach to the
patient with respiratory symptoms. A detailed discussion of
Pneumocystis jirovecii pneumonia (formerly known as P.
carinii, though still abbreviated “PCP”) and community-
acquired bacterial pneumonia, the two most common
pneumonias seen in this population, is presented. Pul-
monary tuberculosis in HIV-infected patients is discussed in
Chapter 67.

SPECTRUM OF PULMONARY DISEASE

The spectrum of pulmonary disease in persons with HIV
infection is broad, and illness can range in severity from
self-limited (e.g., upper respiratory tract infection) to life
threatening (e.g., PCP). The relative frequencies of the
diseases depend on a number of factors. Overall, the most

common cause of respiratory complaints among HIV-
infected patients presenting to an outpatient facility is
upper respiratory tract infections or acute bronchitis. How-
ever, PCP or bacterial pneumonia are more likely causes of
severe illness that requires hospital admission. Table 75.1
summarizes common infectious and noninfectious causes
of pulmonary complications in hospitalized patients.

DIAGNOSTIC APPROACH

The clinical presentations of HIV-associated pulmonary
diseases vary and overlap. Thus, no symptom, sign, or
combination of findings is diagnostic of a particular dis-
ease. The goals of the history and physical examination are
to establish a basic differential diagnosis and to assess the
need for and the approach to further evaluation. The his-
tory should also provide a subjective assessment of the
severity of the disorder.

The cardinal respiratory symptoms in persons with HIV
infection are the same as in those without HIV infection (1).
The occurrence of specific respiratory symptoms, especially
cough, should be taken seriously and evaluated appropri-
ately. On the other hand, it is extremely unusual for patients
with HIV infection to have asymptomatic respiratory dis-
ease; thus, screening for the presence of a respiratory process
in a patient without symptoms is rarely indicated (2).

The approach to the medical history should be the same
as in a person without HIV infection, but there should be an

75
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A number of the HIV-related opportunistic infections
frequently recur. PCP is an example. PCP prophylaxis de-
creases the recurrence rate of PCP, but breakthroughs can
occur, especially at low CD4 cell counts. Similarly, patients
who have had cryptococcosis, coccidioidomycosis, or
histoplasmosis are at high risk for relapse. Fluconazole
(cryptococcosis, coccidioidomycosis) and itraconazole
(histoplasmosis) decrease the relapse rate, but prophylaxis
does not preclude their occurrence. In many institutions,
the two major diagnostic considerations for respiratory
complaints in hospitalized HIV-infected patients are PCP
and bacterial pneumonia. Thus, distinguishing between
the two pneumonias is often the focus of the diagnostic ap-
proach (Table 75.2). PCP characteristically presents with a
dry, nonproductive cough accompanied by fever and dysp-
nea. Symptoms are usually subacute. In contrast, pneumo-
nia caused by Streptococcus pneumoniae or Haemophilus
influenzae characteristically presents with acute symptoms
of fever, shaking chills, dyspnea, pleuritic chest pain, and a
cough productive of purulent sputum. The presence of pu-
rulent sputum is a strong negative predictor for PCP; its
presence in a patient who has documented PCP nearly al-
ways indicates a concurrent bacterial infection.

The physical examination should emphasize the lungs
and potential extrapulmonary sites of involvement. At least
50% of patients with PCP will have an unremarkable lung
examination, and many patients with bacterial pneumonia
will have focal lung findings (Table 75.2). Extrapulmonary
findings may provide important clues to the risk for and na-
ture of the pulmonary disorder. For example, the finding of
oral candidiasis is indicative of severe immunocompromise
and, therefore, of the risk of opportunistic disorders. An al-
tered mental status in a patient whose CD4 cell count is
200/�L or less may suggest Cryptococcus neoformans as the
cause of both the neurologic and pulmonary problems. Cu-
taneous lesions may suggest disseminated fungal disease,
whereas lymphadenopathy or organomegaly may suggest
either disseminated mycobacterial or fungal disease, or
non-Hodgkin’s lymphoma (5). Pulmonary involvement
can develop in patients with mucocutaneous Kaposi’s sar-
coma (KS); however, the absence of mucocutaneous in-
volvement does not preclude the possibility of significant
pulmonary KS.

Although no laboratory abnormality is specific for a par-
ticular pulmonary disease, tests that can be useful include
the complete blood cell count and measurement of the
serum lactate dehydrogenase (LDH) and arterial blood
gases. HIV-infected patients with neutropenia are at higher
risk for bacterial and Aspergillus species infections. The
white blood cell count is frequently elevated relative to the
baseline value in persons with bacterial pneumonia. In
contrast, the white blood cell count varies in persons with
PCP (Table 75.2). The serum LDH is frequently elevated in
persons with PCP; the sensitivity of an elevated serum LDH
for PCP is in the range of 83%–100%. However, the serum
LDH is relatively non-specific and it may be elevated in
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TABLE 75.1
SPECTRUM OF PULMONARY DISEASE IN
SEVERELY ILL HIV-INFECTED PATIENTS

Infections (most frequently identified organisms)
Bacteria
Streptococcus pneumoniae
Haemophilus influenzae
Staphylococcus aureus
Gram-negative bacilli (Pseudomonas aeruginosa, Klebsiella

pneumoniae)

Mycobacteria
Mycobacterium tuberculosis
Mycobacterium avium complex
Mycobacterium kansasii

Fungi
Pneumocystis jirovecii (formerly P. carinii)
Cryptococcus neoformans
Histoplasma capsulatum
Coccidioides immitis
Aspergillus species

Virus
Cytomegalovirus (CMV)

Parasite
Toxoplasma gondii

Neoplasms
Kaposi’s sarcoma (KS)
Non-Hodgkin’s lymphoma (NHL)
Bronchogenic carcinoma

Other Respiratory Diseases
Lymphocytic interstitial pneumonitis (LIP)
Nonspecific interstitial pneumonitis (NIP)
Airways disease (asthma, emphysema, bronchitis, bronchiectasis)
Primary pulmonary hypertension
Illicit drug-induced lung disease

emphasis on identification of possible exposures to infec-
tious diseases. The history should seek to identify any pos-
sible exposure to persons with or suspected of having
tuberculosis, or to environmental fungi, such as Coccidioides
immitis or Histoplasma capsulatum. Any history of prior
respiratory diseases, such as asthma, should be sought. A
focused review of the past medical history can provide im-
portant clues to the etiology of the current respiratory symp-
toms. For example, bacterial pneumonia and tuberculosis
are more common among HIV-infected patients who are
injection drug users. Bronchitis and bacterial pneumonia
are more common in HIV-infected cigarette smokers than in
nonsmokers or former smokers. Moreover, patients with a
long history of cigarette use may have chronic obstructive
lung disease as the etiology of their respiratory symptoms,
rather than an HIV-associated opportunistic infection or
neoplasm (3). Traveling to or living in a region where the
endemic fungi are found are strong determinants of the risk
for infection and subsequent disease caused by these organ-
isms. In addition, tuberculosis is more common in certain
geographic areas and populations (4).
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many pulmonary and nonpulmonary conditions. The arte-
rial blood gas values are also nonspecific. However, in per-
sons with PCP, an arterial blood gas determination is es-
sential in determining the severity of disease and the need
for adjunctive corticosteroid therapy.

The CD4 cell count is an essential piece of laboratory
data and many patients who have a previous diagnosis of
HIV infection will know their CD4 count. It is an excellent
indicator of the risk for development of specific conditions
(Chapter 74) (6). Some pulmonary complications, such as
bacterial pneumonia, tuberculosis, and non-Hodgkin’s
lymphoma, may occur at any CD4 cell count. However, the
incidence of these diseases increases as the CD4 cell count
declines. When it is 200/�L or less, bacterial pneumonia is
often recurrent and Mycobacterium tuberculosis infection is
often disseminated. In addition, PCP and pneumonia
caused by fungal pathogens (C. neoformans) become signif-

icant considerations. When the CD4 cell count is 100/�L or
less, Pseudomonas aeruginosa infection and pulmonary
involvement with KS are increasingly common. Finally,
diseases caused by endemic fungi (H. capsulatum, C. immi-
tis), cytomegalovirus, nontuberculous mycobacteria, and
Aspergillus species almost always occur at the lowest CD4
cell count ranges (below 50/�L).

The radiographic manifestations of HIV-associated pul-
monary diseases also vary and overlap. To complicate mat-
ters, multiple diseases can present concurrently. Neverthe-
less, each disease has a characteristic radiographic
presentation that, combined with clinical data, can suggest
a diagnosis. Classically, PCP presents with diffuse bilateral
reticular or granular opacities (Figure 75.1). Thin-walled
cysts or pneumatoceles are seen in approximately
15%–20% of patients with PCP. Pneumatoceles may pre-
dispose patients to the development of pneumothorax,
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TABLE 75.2
CLINICAL PRESENTATION OF PNEUMOCYSTIS PNEUMONIA AND
BACTERIAL PNEUMONIA

Pneumocystis Bacteria

CD4 cell count 200/�L Any
Symptoms Fever Fever, chills, or rigors

Dyspnea Dyspnea
Nonproductive cough Pleuritic chest pain

Productive cough
Purulent sputum

Symptom duration Typically 2–4 wk Typically 3–5 d
Signs Unremarkable lung Focal findings on lung examination

examination
Laboratory tests WBC count varies WBC count frequently

elevated (relatively)
LDH frequently elevated LDH varies
ABG nonspecifica ABG nonspecific

Chest radiograph
Distribution Diffuse � focal Patchy, focal � multifocal � diffuse
Location Bilateral Unilateral, segmental/lobar
Pattern Reticular–granular Consolidation
Associated findings

Cysts 15%–20% Rarely
Pleural effusions Very rarely 25%–30%
Adenopathy Very rarely Very rarely
Pneumothorax Occasionally Rarely

Normal radiograph Occasionally Never
Chest computed tomographyb

Distribution Patchy Focal
Location Bilateral Unilateral, segmental/lobar
Pattern Ground glass Consolidation
Associated findings

Cysts Frequent Rarely
Normal tomograph Never Never

a Used to determine severity of disease and whether adjunctive corticosteroids are indicated.
b If chest radiograph unremarkable.
ABG, arterial blood gas; LDH, lactate dehydrogenase; WBC, white blood cell.
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Clinical Presentation and Initial Evaluation

The characteristic clinical presentations of PCP and bacte-
rial pneumonia have been described (Table 75.2). In a pa-
tient with respiratory symptoms and known or suspected
HIV infection, an algorithm that utilizes the chest radio-
graph and the presence or absence of purulent sputum can
often lead to an efficient diagnostic and treatment plan
(Figure 75.2).

Indications for Hospitalization and 
Intensive Care

There are no specific admission criteria developed and
validated for HIV-infected patients with pulmonary dis-
ease. The admission decision should therefore rely on an
assessment of the severity of pulmonary disease, the pa-
tient’s general health, and patient and clinician resources
(Table 75.3). Outpatient management requires that pa-
tients have access to medical follow-up should their con-
dition deteriorate or should side effects of the treatment
develop. In settings where this is limited, it may be more
prudent to hospitalize a patient than to attempt outpa-
tient therapy.

Clear indications for ICU admission or transfer in-
clude respiratory failure requiring mechanical ventila-
tion, hemodynamic instability or compromise requiring
intravenous fluids and vasopressors, and altered mentation
compromising the ability to protect adequately against
aspiration. In settings without the resources to monitor
patients closely outside the ICU (e.g., a “close observation”
unit), patients who do not have these indications but who
have severe respiratory impairment, rapidly progressive pul-
monary disease, hypotension, or multiple organ system fail-
ure should also be considered candidates for ICU admis-
sion. In the setting of advanced HIV disease, patients may
choose not to be intubated or receive certain other types of
medical care. In these instances, intensive care may not be
desired or warranted (Chapters 17 and 19).

Indications for Respiratory Isolation

Hospitalized HIV-infected patients with a clinical or radio-
graphic presentation that is suggestive of tuberculosis or
with known tuberculosis should be placed in respiratory
isolation (7). If hospitalization continues to be necessary,
isolation should be continued until tuberculosis is ex-
cluded or the patient has been on effective therapy for at
least 2 weeks.

Numerous reports of clusters of PCP cases among dif-
ferent immunocompromised populations support the
theories that PCP can result from person-to-person trans-
mission and that de novo infection can occur in the setting of
immunosuppression (8). However, the USPHS/IDSA guide-
lines for preventing opportunistic infections state that
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another radiographic finding suggestive of PCP. Less
typical patterns include focal opacities, miliary infiltrates,
nodules, and cavities. Intrathoracic adenopathy and pleu-
ral effusions are very rarely associated with PCP. In a pa-
tient with confirmed PCP, these radiographic findings usu-
ally represent a concurrent process. In mild cases of PCP,
the chest radiograph may be normal. Patients with sus-
pected PCP and a normal radiograph require additional
evaluation (Figure 75.2).

Bacterial pneumonia caused by S. pneumoniae character-
istically presents with patchy or focal consolidation in a
segmental or lobar distribution, similar to what is seen in
an immunocompetent person. An associated pleural effu-
sion is seen in approximately 25%–30% of patients with
bacterial pneumonia. In severe cases of pneumonia, the
abnormalities may be diffuse. Bacterial pneumonia caused
by H. influenzae may present with diffuse opacities similar
to those of PCP, although it may also present with patchy
or focal consolidation. The presentation of tuberculosis de-
pends on the relative degree of immunosuppression
(Chapter 67).

ISSUES AT THE TIME OF ADMISSION

Pneumocystis pneumonia and community-acquired bacte-
rial pneumonia are the two most common pulmonary
diseases leading to hospital admission of HIV-infected
patients. Many of the issues arising at the time of admis-
sion, during the course of hospitalization, and after dis-
charge are also relevant to other HIV-related pulmonary
processes. This section addresses some of these issues in
addition to specific concerns related to PCP and commu-
nity-acquired pneumonia.

Figure 75.1 Pneumocystis pneumonia. Chest radiograph of
an HIV-infected patient demonstrating diffuse bilateral granular
opacities.
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HIV infection (known or suspected)
CD4 (known or suspected) ≤250 cells/�L

Respiratory complaints

Chest radiograph

Normal Abnormal

Purulent
sputum

No purulent
sputum

Diffuse
infiltrate

Focal infiltrate

HRCT 
without
GGO or
DLCO
>75%

HRCT with
GGO or DLCO

75%

Symptomatic 
Rx, 

antimicrobials

No
purulent
sputum

Purulent
sputum

Blood cultures,
+/– sputum
Gram stain
and culture 

Antimicrobial Rx

Induced 
sputum for
P. jirovecii,
AFB exam,

mycobacterial
culture

P. jirovecii
and AFB
absent

P. jirovecii
or AFB
present

TreatBronchoscopy
with BAL for
P. jirovecii,

AFB, fungus. Visual
inspection for KS

Diagnosis,
appropriate Rx

No diagnosis

Consider further diagnostic procedures (e.g.,
repeat bronchoscopy with transbronchial
biopsies, CT-guided FNA, surgical biopsy)

Figure 75.2 Diagnostic algorithm for evaluation of respiratory symptoms in an HIV-infected pa-
tient at risk for Pneumocystis pneumonia and bacterial pneumonia. P. carinii has recently been re-
named P. jirovecii. AFB, acid-fast bacilli; BAL, bronchoalveolar lavage; CT, computed tomogram;
DLCO, diffusing capacity for carbon monoxide; FNA, fine-needle aspirate; GGO, ground glass opac-
ities; HIV, human immunodeficiency virus; HRCT, high-resolution computed tomogram; KS, Kaposi’s
sarcoma; Rx, treatment.
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“although certain authorities might recommend that HIV-
infected persons who are at risk for PCP avoid sharing a hos-
pital room with a patient who has PCP, data are insufficient
to support this recommendation as standard practice” (6).

Empiric Therapy Versus Definitive Diagnosis

The diagnostic evaluation of an HIV-infected patient with
suspected bacterial pneumonia may include sputum Gram
stain and culture and should include two blood cultures.

However, in the majority of patients with bacterial pneu-
monia, no etiological diagnosis will be made and empiric
therapy will be necessary. Because Pneumocystis cannot be
cultured, the diagnostic evaluation of a patient with sus-
pected PCP involves microscopic examination of stained
respiratory specimens obtained by sputum induction or
bronchoscopy. These tests are sensitive (reported range of
sensitivities for sputum induction, 55%–95%; for bron-
choscopy, 89%–98%) and specific for the diagnosis. How-
ever, they may not always be available and, in the case of
bronchoscopy, are invasive and require the presence of a
bronchoscopist. For patients who present with “classic”
PCP, an argument can be made for initiating empiric PCP
therapy and reserving diagnostic procedures for the subset
of patients who fail to respond to 5–7 days of therapy. An
equally compelling argument can be made for establishing
a diagnosis in all HIV-infected patients with pulmonary
disease severe enough to require hospitalization so as to
optimize therapy and follow-up. Should the promising re-
sults reporting the use of non-invasive specimens (e.g.,
oropharyngeal washing) combined with sensitive poly-
merase chain reaction (PCR)-based assays for the diagnosis
of PCP be confirmed, then the diagnosis will be made non-
invasively (without sputum induction or bronchoscopy)
much more often (9).

Treatment Regimens

The considerations in choosing a specific treatment for
community-acquired bacterial pneumonia in an HIV-
infected patient should be similar to those in an immuno-
competent host (Chapter 65) (10). In addition, coverage
for P. aeruginosa and Staphylococcus aureus should be con-
sidered when the CD4 cell count is below 50/�L, there has
been recent injection drug or antibiotic use, or there is cav-
itation seen on the chest radiograph.

The choices of specific treatment for PCP depend on the
severity of disease, as determined by arterial blood gas mea-
surement (Table 75.4). The regimens for mild disease are of
comparable efficacy, and the decision about which regimen
to use depends on the clinician’s preference, in addition to
consideration of potential adverse effects. Patients with 
moderate-to-severe PCP should be treated with trimetho-
prim-sulfamethoxazole (unless there is a history of a severe
reaction) and adjunctive corticosteroids. Corticosteroids
should be initiated at the time that PCP therapy is begun. In
a patient with suspected PCP, the decision of whether or not
to use corticosteroids must be based on the severity of disease
(PaO2 �70 mm Hg or alveolar-arterial O2 gradient �35 mm
Hg), not on the management approach chosen (e.g., defini-
tive diagnosis versus empiric therapy). Empiric PCP therapy
(including corticosteroids) may be initiated while the diag-
nostic evaluation is in progress. If the diagnosis of PCP is ex-
cluded, corticosteroids should be discontinued promptly. Pa-
tients with moderate-to-severe pulmonary disease who are
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TABLE 75.3
INDICATIONS FOR HOSPITAL ADMISSION OF
HIV-INFECTED PATIENTS WITH PULMONARY
DISEASE

Pulmonary

Respiratory rate
Elevated respiratory rate �30 breaths per minute

Arterial oxygenation
Decreased PaO2, elevated alveolar–arterial O2 gradient requiring

oxygen
Exercise tolerance and cardiopulmonary reserve

Decreased exercise tolerance limiting ability to carry out daily
activities

Decreased cardiopulmonary reserve from underlying condition
(e.g., COPD, CHF)

Chest radiograph
Suspected tuberculosis and concern for transmission to other

immunocompromised persons at place of residence
Diffuse parenchymal disease and concern for progression
Pneumothorax and concern for progression, need for

observation/chest tube

General health

General appearance and vital signs
Altered mental status
Ill-appearing
Temperature �35°C or �40°C
Heart rate �125 beats/min
Systolic blood pressure �90 mm Hg

Coexisting disease(s)a

Neurologic
Psychiatric
Gastrointestinal
Liver
Renal
Hematologic

Coexisting condition(s)a

Illicit drug use
Alcohol use

Patient resources

Homeless or unstable housing
No family or friends to assist patient with daily activities

Clinician resources

Inability to provide appropriate follow-up

a If compromises outpatient therapy and medication adherence.
CHF, congestive heart failure; COPD, chronic obstructive pulmonary
disease.
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treated with empiric PCP therapy and corticosteroids must be
closely followed; in these patients, there should be a low
threshold for pursuing a definitive diagnosis. Patients intol-
erant to trimethoprim-sulfamethoxazole may be started on
one of the other regimens listed. No direct comparison of
these regimens has been conducted. Whichever therapy is
chosen, the recommended duration of therapy is 21 days.

ISSUES DURING THE COURSE OF
HOSPITALIZATION

Time Course for Resolution

The time course for resolution of clinical symptoms and
signs depends on the specific cause of pneumonia, severity
of the pulmonary disease, and overall health of the patient.
The typical time course for resolution of community-
acquired bacterial pneumonia in an HIV-infected patient is
similar to that in an immunocompetent person (Chapter
65). Usually, clear signs of clinical improvement should be
evident within 2–5 days. The time course for resolution of
PCP is generally longer. With successful therapy, fever,
tachypnea, and oxygen requirements may persist or worsen
for several days before improving. Thus, patients whose
condition is neither improving nor significantly worsening
may be treated for 7–10 days before a change in therapy is
considered. However, if the patient’s condition significantly

worsens, a number of considerations must be addressed
promptly (Table 75.5). If the diagnosis is in doubt or if there
is concern regarding a subsequent pulmonary disease, addi-
tional diagnostic evaluation is warranted. In these difficult
cases, expert consultation is often helpful.

Initiation of Antiretroviral Therapy

Retrospective studies suggest that critically ill HIV-infected
patients who receive antiretroviral therapy during their
hospitalization have an improved survival compared to pa-
tients who do not receive this therapy (11). However,
prospective studies are needed before firm recommenda-
tions can be made. In general, the potential benefits of
antiretroviral therapy (e.g., rise in the CD4 cell count, de-
cline in the HIV RNA level) must be balanced against the
potential risks of these therapies (e.g., toxicity, drug inter-
actions, immune reconstitution syndrome/paradoxical
worsening) (12).

Prognosis of Patients with Respiratory Failure

The outcomes and mortality from PCP-associated respira-
tory failure have changed during the course of the AIDS epi-
demic. From 1981 to 1985, only 14% of patients with PCP
who were admitted to an ICU survived to hospital dis-
charge. This percentage improved to 40% between 1986
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TABLE 75.4
PNEUMOCYSTIS PNEUMONIA TREATMENT REGIMENS FOR MILD AND MODERATE–SEVERE DISEASEa

PCP treatment regimen Dose(s), route, frequency Major side effects

Mild disease (PaO2 �70 mm Hg AND
alveolar–arterial O2 gradient
�35 mm Hg)

TMP/SMX 15 mg/kg (TMP) PO daily (q6–8h) Fever, dermatologic, gastrointestinal, hematologic
TMP � dapsone 15 mg/kg PO daily (q6–8h) Dermatologic, gastrointestinal, hematologic

� 100 mg PO once daily
Clindamycin � primaquine 1,800 mg PO daily (q6–8h) Dermatologic, gastrointestinal, hematologic

� 30 mg (base) PO once daily
Atovaquone 750 mg PO twice–thrice daily Dermatologic, gastrointestinal

Moderate–severe diseaseb

(PaO2 �70 mm Hg OR alveolar–arterial
O2 gradient �35 mm Hg)

TMP/SMX 15 mg/kg (TMP) IV daily (q6–8h) See above
Pentamidine 3–4 mg/kg IV once daily Renal, pancreatic
Clindamycin � primaquine 1,800 mg IV daily (q6–8h) � 30 mg See above

(base) PO once daily
Trimetrexate � leucovorin 45 mg/m2 IV once daily � 20 mg/m2 Hematologic, dermatologic, fever 

� dapsone PO q6h � 100 mg PO once daily

a Recommended duration of therapy is 21 days.
b Adjunctive corticosteroids (prednisone 40 mg PO twice daily for 5 days, then 40 mg PO once daily for 5 days,
then 20 mg PO once daily for 11 days; or IV equivalent of methylprednisolone) should also be administered.
TMP/SMX, trimethoprim-sulfamethoxazole.
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and 1988 but declined again to 24% from 1989 to 1991.
The exact reasons for these changes are unclear. More re-
cently, studies at multiple institutions have indicated that
the survival of patients with PCP-associated respiratory fail-
ure may again be improving (13). Up-to-date outcomes
data will be needed to help patients make decisions about
life-sustaining treatments.

DISCHARGE ISSUES

Many drug toxicities first appear after 7–10 days of therapy.
In patients who are discharged before this time, clinicians
should describe the possible side effects to the patient and
should ensure an adequate means of follow-up in the event
that adverse effects do develop.

There are no published guidelines outlining when to
discharge an HIV-infected patient with pneumonia. Each
patient should be evaluated individually. In general, pul-
monary disease should have improved to the point at
which the patient can carry out daily activities (with sup-
plemental oxygen if necessary), and other medical condi-
tions should not pose significant risks to the completion of
successful outpatient therapy. In certain instances, re-
sources may permit the patient to complete a full course of
intravenous therapy as an outpatient, either by returning to
an outpatient infusion center or receiving home infusion

therapy supervised by a visiting nurse. Alternatively, some
patients may complete their treatment course with oral
medications, although the efficacy and timing of such a
change have not been extensively studied.

PREVENTION OF PCP AND BACTERIAL
PNEUMONIA

Patients with a CD4 cell count of 200/�L or less or a prior
history of PCP should be given prophylaxis (6). The first-line
prophylaxis regimen is trimethoprim-sulfamethoxazole
(one double-strength tablet daily or thrice weekly, or one
single-strength tablet daily). Alternative prophylaxis regi-
mens include dapsone (100 mg daily), atovaquone (1,500
mg daily), and aerosolized pentamidine (300 mg via nebu-
lizer monthly). Patients who are receiving trimethoprim-
sulfamethoxazole for PCP prophylaxis may have a lower
incidence of bacterial infections, although there may be an
increased risk for development of drug-resistant bacteria.
Patients with bacterial pneumonia are at risk for recurrent
disease and patients who are cigarette smokers or injection
drug users should be encouraged to quit. Ideally, the deci-
sion to quit will have been made during hospitalization, and
appropriate referrals will have been made before discharge
(14). In addition, pneumococcal vaccine is recommended if
it has not been previously administered (6, 15).
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TABLE 75.5
CONSIDERATIONS IN A PATIENT FAILING TO IMPROVE AS EXPECTED

Problem Main diagnoses Diagnostic approach Action(s)

Worsening dyspnea Progressive pneumonia Chest radiograph Change treatment
and/or hypoxemiaa Pleural effusion/empyema Chest radiograph Thoracentesis (diagnostic and therapeutic)

Superimposed pneumonia Chest radiograph Evaluate and add treatment for new process
Pneumothorax Chest radiograph Consult specialist for chest tube placement
Pulmonary embolism Chest radiograph–if Evaluation for source and anticoagulation

unchanged, then spiral
chest CT or ventilation-
perfusion scan

Worsening cough Progressive pneumonia Chest radiograph Change treatment
Superimposed pneumonia Chest radiograph Evaluate and add treatment for new process
Airways disease Chest radiograph Trial of nebulized bronchodilators

Persistent, new fever Progressive pneumonia Chest radiograph Change treatment
Pleural effusion/empyema Chest radiograph Thoracentesis (at least diagnostic)
Superimposed pneumonia Chest radiograph Evaluate and add treatment for new process
Drug fever Chest radiograph Switch treatment

New chest pain Pneumothorax Chest radiograph Consult specialist for chest tube placement
Pulmonary embolism Chest radiograph–if Evaluation for source and anticoagulation

unchanged, then spiral
chest CT or ventilation-
perfusion scan

Progressive pneumonia Chest radiograph Change treatment
Superimposed pneumonia Chest radiograph Evaluate and add treatment for new process

a Also consider nonpulmonary etiologies (e.g., cardiac).
CT, computed tomography.
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COST CONSIDERATIONS AND
RESOURCE USE

A number of cost–benefit analyses have examined the
optimal approach to the management of patients with
suspected PCP (empiric therapy vs. definitive diagnosis,
sputum induction vs. bronchoscopy as the initial diagnos-
tic procedure). There is no clear benefit of one approach
over another. The choice of approach depends on a num-
ber of factors, including the availability of diagnostic pro-
cedures and their diagnostic sensitivity, the prevalence of
PCP in a particular setting, and the prevalence of other pul-
monary diseases that might also be diagnosed by one of the
procedures.

KEY POINTS

■ When evaluating an HIV patient with lung disease, recog-
nize that the spectrum of illness is broad and includes
both HIV-associated and non–HIV-associated conditions.

■ Respiratory complaints are frequent in HIV-infected
persons and increase in frequency as the CD4 cell count
declines.

■ The CD4 cell count is an essential piece of information.
Each of the HIV-related pulmonary diseases usually devel-
ops at or below a characteristic range of CD4 cell counts.

■ In many institutions, the most frequent pulmonary dis-
eases seen are PCP and bacterial pneumonia. A careful
history, physical examination, and review of the chest ra-
diograph are often sufficient to differentiate between
these two pneumonias.

■ Specific guidelines for hospitalization and discharge of
HIV-infected patients with pneumonia have not been de-
veloped and validated. In general, practical medical
judgment is essential.
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Neurologic

Complications of

HIV Disease
Christina M. Marra

INTRODUCTION

Prior to the advent of potent antiretroviral therapy, central
nervous system (CNS) complications of HIV infection were
seen in about 40% of infected patients in the developed
world. Neurological complications of HIV are now less
common but still occur. A working knowledge of the
clinical manifestations, diagnosis, and therapy of these
disorders is important for any physician who cares for 
HIV-infected persons. Although a bewildering array of
possibilities is included in the differential diagnosis, HIV-
associated dementia, cryptococcal meningitis, toxoplasmosis, and
progressive multifocal leukoencephalopathy (PML) are the most
common CNS complications. These typically occur in the
setting of advanced immunosuppression, when the periph-
eral blood CD4 cell count is less than 200/�L. Patients with
acute meningitis, including cryptococcal meningitis, and
with acute CNS mass lesions, including those due to toxo-
plasmosis, may be ill enough to warrant hospital admis-
sion. Alternatively, HIV-associated dementia and PML
are generally subacute progressive illnesses that can be
diagnosed and managed on an outpatient basis. This chap-
ter uses a generic algorithm (Figure 76.1) to outline the
approach to meningitis, CNS mass lesions, and other
causes of acute change in mental status in HIV-infected
patients. A differential diagnosis is provided for each prob-
lem, with a focus on the most common entities that require
hospital care.

MENINGITIS IN THE HIV-INFECTED
PATIENT

Issues at the Time of Admission

Clinical Presentation

Although HIV-infected patients with acute meningitis may
present with the typical symptoms and signs of fever,
headache, stiff neck, vomiting, and clouding of conscious-
ness (Chapter 70), they may also have less typical presen-
tations. For example, patients with cryptococcal meningitis
may lack meningeal signs and present primarily with fever
or clouding of consciousness. Alternately, the symptoms
and signs of meningitis in patients infected with bacteria
such as Streptococcus pneumoniae or Salmonella species may
be overshadowed by signs and symptoms of systemic
infection.

Differential Diagnosis and Initial Evaluation

Many pathogens can cause meningitis in patients infected
with HIV; the more common entities are listed in Table
76.1. By far, the most common are Cryptococcus neoformans
and Mycobacterium tuberculosis. The diagnosis and manage-
ment of cryptococcal meningitis present special challenges
and considerations in the HIV-infected person. On the
other hand, the diagnosis and management of tuberculous

76
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meningitis do not differ significantly in HIV-infected and
uninfected persons (1).

The first step in evaluating an HIV-infected patient with
meningitis is to assess risk status. Risk assessment is based
primarily on peripheral blood CD4 cell count but should
also take into consideration PPD (purified protein deriva-
tive) status, exposure history, and any prophylactic thera-
pies. Patients with CD4 cell counts below 200/�L are
at greatest risk for opportunistic infections, such as crypto-

coccal meningitis. Meningitis caused by more aggressive
pathogens, such as M. tuberculosis, can occur with less ad-
vanced immunosuppression. Patients with a positive PPD or
who are currently being treated for pulmonary tuberculosis
are at greatest risk for tuberculous meningitis. Traveling or
living in the southwestern United States increases the risk for
Coccidioides meningitis, and traveling or living in the mid-
western United States increases the likelihood of Histoplasma
meningitis. Finally, fluconazole for prevention of oral can-
didiasis is also effective in preventing cryptococcal meningi-
tis, and prophylactic trimethoprim-sulfamethoxazole may
decrease the risk for conventional bacterial infections.

The next step is to perform a directed physical examina-
tion that focuses on identification of extrameningeal sites of
concomitant disease, and identification of focal neurologic
abnormalities or evidence of raised intracranial pressure
(Chapters 70 and 117). Patients with either of the latter two
findings should undergo neuroimaging to evaluate the pos-
sibility of a focal brain lesion. Contrast-enhanced magnetic
resonance imaging (MRI) is the study of choice, but if it is
not available, contrast-enhanced computed tomography
(CT) is usually adequate. The presence of a brain lesion may
still be compatible with a diagnosis of meningitis. For
example, cryptococcomas are relatively common in HIV-
infected patients with cryptococcal meningitis. Tuberculo-
mas may be found in patients with tuberculous meningitis
or may develop during the course of therapy, and gummas
or infarcts may be seen in patients with syphilitic meningi-
tis. Cryptococcomas, tuberculomas, and gummas resolve
with medical therapy and generally do not require surgical
intervention. Findings on neuroimaging determine whether
a patient can safely undergo lumbar puncture. Shift of brain
structures away from the midline and compression of the
fourth ventricle are contraindications to this procedure. Cis-
ternal or sulcal effacement and loss of gray matter/white
matter distinction are less absolute contraindications that
require individualized assessment.

Every effort should be made to obtain cerebrospinal fluid
(CSF) in HIV-infected patients with suspected meningitis so
that appropriate therapy can be administered. The CSF pro-
file of patients with bacterial meningitis is discussed in
Chapter 70, and with tuberculous meningitis in Chapter 67.
The CSF profile is similar in HIV-infected and uninfected pa-
tients who have conventional bacterial meningitis or tuber-
culous meningitis, but this is not the case with cryptococcal
meningitis. HIV-infected patients with cryptococcal menin-
gitis are more likely to have a CSF white blood cell count of
less than 20/�L and are more likely to have a positive CSF
culture. In general, CSF evaluation should always include
bacterial, mycobacterial, and fungal cultures. CSF crypto-
coccal antigen should be assessed if the serum cryptococcal
antigen test is reactive or the result is unknown, and the CSF
VDRL test should be performed if the serum syphilis sero-
logic tests are reactive or the results are unknown (p. 741).
The need for CSF cytologic examination, polymerase chain
reaction (PCR) assays for viruses, and specific antigen
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Figure 76.1 Diagnostic approach to HIV-infected patients with
neurologic disorders. ICP, intracranial pressure.

TABLE 76.1
MOST COMMON ETIOLOGIES OF MENINGITIS
IN HIV-INFECTED PATIENTS

Category of pathogen Specific etiologies

Bacteria Mycobacterium tuberculosis
Treponema pallidum
Listeria monocytogenes
Salmonella species
Streptococcus pneumoniae
Nocardia species

Fungi Cryptococcus neoformans
Coccidioides immitis
Histoplasma capsulatum
Candida species
Aspergillus fumigatus

Viruses HIV
Cytomegalovirus
Herpes simplex type 2
Varicella-zoster virus

Noninfectious Lymphomatous meningitis
Drug-induced meningitis

Assess Risks 
• CD4
• Exposures
• Concomitant illness
• Prophylactic agents

Physical Examination 
• Concomitant illness
• Focal findings
• Evidence for elevated ICP

Laboratory Evaluation
• Pathogen specific
• Pathogen nonspecific

Neuroimaging

CSF Evaluation 

Specific and nonspecific therapy
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(Histoplasma, Candida) or antibody (Coccidioides) tests
should be individualized.

The initial laboratory evaluation of HIV-infected pa-
tients with suspected meningitis should always include
blood cultures and testing for serum cryptococcal antigen.
The serum cryptococcal antigen is sensitive but not specific
for the diagnosis of cryptococcal meningitis. Similarly, a
nonreactive serum fluorescent treponemal antibody ab-
sorption test (FTA-ABS) or Treponema pallidum particle ag-
glutination test (TP PA) effectively rules out the diagnosis
of syphilitic meningitis. A chest radiograph should be ob-
tained; in some instances, the etiology of meningitis can be
presumptively established from the findings on pulmonary
evaluation.

Indications for Hospitalization

Hospital admission is generally required for all HIV-in-
fected patients with acute meningitis. It is particularly ap-
propriate for those with evidence of acute hydrocephalus,
increased intracranial pressure, new seizures or new focal
neurologic abnormalities, significant change in mental
status, or hemodynamic instability. Patients with a more
subacute or chronic presentation, normal neurologic ex-
amination findings, normal lumbar puncture opening
pressure, and mild lymphocytic pleocytosis can often be
managed as outpatients if they do not live alone. As for all
neurologic presentations, the goals of hospitalization are to
establish the correct diagnosis, initiate appropriate therapy,
and stabilize the patient. In the absence of complications,
this can usually be accomplished within 2–5 days for HIV-
infected patients with meningitis.

Indications for Initial Intensive Care
Unit Admission

Hemodynamic instability and increased intracranial pres-
sure are indications for admission to the ICU. Some experts
recommend ICU admission for all patients with suspected
bacterial meningitis. Elevated intracranial pressure is an
important cause of morbidity and mortality in HIV-
infected persons with cryptococcal meningitis and may
require serial lumbar punctures or continuous lumbar or
ventricular drainage (2). Similarly, hydrocephalus can
complicate the course of tuberculous meningitis and may
require continuous ventricular drainage.

Initial Therapy

The choice of initial therapy is based on the results of initial
CSF and laboratory analysis. If the CSF cryptococcal antigen
test is reactive, therapy with intravenous (IV) amphotericin
(0.7 mg/kg daily), with or without oral flucytosine (100
mg/kg daily in four divided doses), should be initiated (3).
Similarly, if the CSF Gram stain or formula suggest bacterial
meningitis, appropriate antibiotics should be administered

(see Tables 70.3 and 70.4 for antibiotic regimens). In many
instances, the etiology of meningitis will not be known im-
mediately, and empiric treatment must be instituted based
on the most likely diagnosis. Once the etiology is deter-
mined, therapy can be tailored. Appropriate empiric ther-
apy for suspected bacterial meningitis should be given as
soon as possible and should neither be delayed by the need
to obtain neuroimaging nor by the time required to obtain
the results of CSF testing. The use of dexamethasone in HIV-
infected patients with bacterial meningitis has not been
studied but is reasonable in patients who are suspected to
have pneumococcal meningitis (4). Dexamethasone
should be given before or with the first dose of antibiotics
(Chapter 70). Empiric therapy for tuberculous meningitis is
appropriate when the likelihood of disease is high and no
other etiology is apparent (see Chapter 67 for recommen-
dations). A recent study shows that adjunctive treatment
with dexamethasone improves survival in HIV-uninfected
patients with tuberculous meningitis, but does not decrease
disability (5). No benefit was demonstrated in HIV-infected
patients in this study (5). Generally, empiric antifungal
therapy is not administered when cryptococcal meningitis
has been excluded.

Indications for Early Consultation

Neurologic or neurosurgical consultation is appropriate for
assistance in managing patients with elevated intracranial
pressure. Infectious diseases consultation should be con-
sidered for patients in whom the etiology of meningitis re-
mains elusive, or for patients with less common etiologies,
such as Coccidioides, Histoplasma, or Candida.

Issues During the Course of Hospitalization

The first hours of hospitalization should be devoted to be-
ginning appropriate, often empiric, therapy and to com-
pleting necessary diagnostic tests. Therapy for presumed
bacterial meningitis should be initiated in the emergency
department. Therapy for presumed M. tuberculosis meningi-
tis or for cryptococcal meningitis can generally be delayed
until the results of diagnostic tests, such as the CSF pro-
file, CSF cryptococcal antigen test, and chest radiograph,
are available. Adjunctive therapies, such as antipyretics,
antiemetics, and pain medications, and correction of elec-
trolyte abnormalities or volume depletion should be tai-
lored to the individual patient. Although volume overload
should be avoided, there is no role for iatrogenic dehydra-
tion to treat elevated intracranial pressure because this
could potentially increase the possibility of cerebral infarc-
tion, which can result from infectious arteritis or venous si-
nus thrombosis. Empiric anticonvulsants are indicated if
there is increased intracranial pressure, because a seizure
could further elevate pressure.

Vital signs should be assessed three to four times daily;
the assessment should include determination of the level
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of consciousness and screening for focal abnormalities. A
nursing assessment and a home assessment should be per-
formed in the first 24 hours after admission. Antibiotic regi-
mens should be modified, if necessary, to cover organisms
recovered from blood or CSF bacterial cultures. In most
cases, antibiotic coverage for conventional bacteria can be
discontinued at 48 hours if the cultures are negative. Patients
who fail to improve or worsen by day 2 or 3 of hospitaliza-
tion should be evaluated as outlined in Table 76.2.

Discharge Issues

By the third hospital day, patients who are neurologically
stable or improving, are hemodynamically stable, can meet
their fluid and nutritional needs by mouth, and can toler-
ate their antimicrobial therapy may be able to be dis-
charged to complete their treatment at home or in a skilled
nursing facility. The decision to discharge to home versus a
more supervised setting depends on the frequency with
which medication is administered, the degree of supervi-
sion required, and the patient’s home situation. Generally,
patients completing a course of therapy for acute meningi-
tis should not be sent home if they live alone. Physician
follow-up should be scheduled within the first week after
discharge, and caregivers should be cautioned to contact
the health care provider for worsening of symptoms and
signs or development of new symptoms and signs, particu-
larly focal neurologic abnormalities.

FOCAL CENTRAL NERVOUS
SYSTEM LESIONS

Issues at the Time of Admission

Clinical Presentation

HIV-infected patients with focal CNS lesions typically
present with mental status changes or focal neurologic

findings, including weakness and clumsiness. Seizures may
occur in as many as one-third of patients. The clinical find-
ings are generally not helpful in distinguishing one etiol-
ogy from another, although there are a few caveats. Patients
with CNS toxoplasmosis may be more likely to have fever.
Patients with primary CNS lymphoma may be less likely to
have focal findings because of the predominance of frontal
lobe involvement. Patients with PML may be more likely to
have visual field deficits because occipital lobe involve-
ment is common.

Differential Diagnosis and Initial Evaluation

Central nervous system lesions associated with neuroimag-
ing evidence of brain edema, mass effect, and contrast
enhancement in patients infected with HIV are most
commonly caused by toxoplasmosis or primary CNS
lymphoma. Tuberculomas may be more common than
primary CNS lymphoma in specific risk groups, such as
IV drug users and persons from countries where tuberculo-
sis is prevalent. Focal CNS lesions not associated with
brain edema, mass effect, or contrast enhancement are most
commonly due to PML; less commonly, these lesions may
be associated with varicella-zoster encephalitis, stroke, or,
rarely, an atypical primary CNS lymphoma. A CSF PCR that
is positive for JC virus in this setting increases the likelihood
of PML from 68%–99% (6). The diagnosis of PML may be
more difficult to establish in patients who are receiving
potent antiretroviral therapy. Such patients may have
enhancing lesions on MR because of improved immune
competence or an “immune reconstitution syndrome” (7).
In addition, potent antiretrovial therapy decreases the
amount of JC virus DNA in CSF, thus decreasing the diag-
nostic sensitivity of this test (8).

As in the case of meningitis, the first step in evaluating
an HIV-infected patient with a focal brain lesion is to assess
risk status. Patients with CNS toxoplasmosis typically have
CD4 cell counts below 200/�L, whereas patients with pri-
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TABLE 76.2
DIAGNOSTIC CONSIDERATIONS IN HIV-INFECTED PATIENTS WITH
MENINGITIS WHO FAIL TO IMPROVE ON THERAPY

Reason Diagnostic approach

Diagnosis incorrect; patient does not
have meningitis or presumed etiology
incorrect

Increased intracranial pressure

Hydrocephalus
Stroke
Metabolic derangement

Iatrogenic

Repeat neuroimaging and cerebrospinal fluid evaluation.
Look carefully for other sources of infection.

Repeat neuroimaging and lumbar puncture with
measurement of opening pressure.

Repeat neuroimaging.
Repeat neuroimaging.
Check appropriate laboratory values such as electrolytes,

calcium, magnesium, and serum liver chemistries.
Check drug administration records.
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mary CNS lymphoma or PML usually have lower CD4 cell
counts, generally below 100/�L. Although there are no rou-
tine laboratory features that can predict the likelihood of
primary CNS lymphoma or PML, 95% of patients with
CNS toxoplasmosis have reactive serum anti-Toxoplasma
immunoglobulin G. A nonreactive serology decreases the
likelihood of CNS toxoplasmosis in a patient with a focal
brain lesion from 78%–6% (6). Prior use of trimethoprim-
sulfamethoxazole to prevent Pneumocystis jirovecii pneumo-
nia (formerly P. carinii) also lowers the likelihood of CNS
toxoplasmosis twofold to threefold (9).

Neuroimaging characteristics tailor the differential diag-
nosis. Contrast-enhanced CT is adequate for lesions associ-
ated with edema, mass effect, and enhancement, but MRI is
superior for lesions that lack these characteristics. Because
it is difficult to predict neuroimaging characteristics from
clinical findings, proceeding directly to MRI is a more cost-
effective approach. For patients who have lesions associ-
ated with edema, mass effect, and enhancement but a low
likelihood of CNS toxoplasmosis, CSF should be examined
if lumbar puncture can be performed safely. The PCR test
for Epstein-Barr virus DNA in CSF is sensitive and specific
for the diagnosis of primary CNS lymphoma. For patients
who have nonreactive anti-Toxoplasma serology, the likeli-
hood of lymphoma when a CSF PCR is positive for Epstein-
Barr virus is 96%–98% (6).

Indications for Hospitalization

Patients with PML typically have a more subacute or chronic
course than do patients with CNS toxoplasmosis or primary
CNS lymphoma, and they can often be evaluated and man-
aged as outpatients. Hospital admission is generally re-
quired for patients with suspected CNS toxoplasmosis or
primary CNS lymphoma who have a depressed level of con-
sciousness, significant mass effect, are too impaired to care
for themselves safely, or do not have adequate living assis-
tance. In the absence of complications, hospital stays of 2–5
days are typical for patients with mass lesions.

Indications for Initial Intensive Care Unit
Admission

Obtundation, significant mass effect on neuroimaging, or
frequent seizures are indications for admission to the ICU.
These patients are at particular risk for brain herniation,
which is the most acute risk of CNS toxoplasmosis and
primary CNS lymphoma. They require frequent neurologic
monitoring and may need neurosurgical intervention (see
below).

Initial Therapy

In the past, an HIV-infected person who had a brain lesion
associated with edema, mass effect, and enhancement had
at least a 70% chance of having CNS toxoplasmosis. Be-

cause the prevalence of CNS toxoplasmosis was high, an
HIV-infected patient with such a lesion was given a 2-week
trial of toxoplasmosis treatment. The clinical and neu-
roimaging response to empiric therapy confirmed the diag-
nosis of CNS toxoplasmosis, and brain biopsy was reserved
for patients who did not respond to the treatment trial. In
recent years, the likelihood of CNS toxoplasmosis has de-
creased in patients with mass lesions associated with
edema, mass effect, and enhancement, even when the anti-
Toxoplasma serology is reactive (10).

An empiric treatment trial is now less appropriate for
all HIV-infected patients with brain lesions associated
with edema, mass effect, and enhancement. Patients ap-
propriate for a toxoplasmosis treatment trial are those
with a high likelihood of disease based on neuroimaging
findings, reactive serum anti-Toxoplasma immunoglobulin
G, and no prior use of trimethoprim-sulfamethoxazole
for Pneumocystis jirovecii pneumonia (formerly P. carinii)
prophylaxis. The results of PCR analysis of CSF can further
define the likelihood of CNS toxoplasmosis. Initial ther-
apy for toxoplasmosis includes pyrimethamine (100–200
mg PO load followed by 75–100 mg PO daily) and sulfa-
diazine (1.5–2.0 g PO four times daily). Adequate hydra-
tion must be maintained to avoid tubular crystallization
of sulfadiazine with subsequent renal dysfunction. In pa-
tients who are allergic to sulfa medications, clindamycin
(600–900 mg PO or IV) can be substituted for sulfadi-
azine. All treated patients should receive folinic acid
(10–50 mg PO daily) to avert the marrow suppression
caused by pyrimethamine.

In general, steroids should not be used in conjunction
with a treatment trial because they can induce nonspecific
clinical and neuroimaging improvement. However, a short
course of steroids can be used in some instances to decrease
edema and mass effect and thereby allow lumbar puncture
to be performed safely. Empriric anticonvulsants should be
given if there is significant brain edema or other evidence
of elevated intracranial pressure. Patients with a low likeli-
hood of CNS toxoplasmosis should not undergo a treat-
ment trial. They should be referred for brain biopsy or,
when the CSF PCR is positive for Epstein-Barr virus, for em-
piric radiation therapy.

In the era before the availability of potent antiretroviral
therapy, the survival of HIV-infected patients with primary
CNS lymphoma who have a good performance status and
were treated with radiation therapy was 3–4 months.
Today, patients with primary CNS lymphoma who respond
to potent antiretroviral therapy may have prolonged
survival (11). Figure 76.2 is a decision algorithm that
addresses the diagnosis of focal CNS lesions.

Indications for Early Consultation

Patients admitted to the ICU because of concerns regarding
brain herniation should undergo evaluation by neuro-
surgery for placement of an intracranial pressure monitor, a
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CSF drainage procedure, or surgical resection (Chapter
117). A neurology consultation is appropriate for manage-
ment of recurrent seizures (Chapter 118). An infectious
disease consultation should be obtained to help devise an
alternate treatment regimen if the patient is unable to toler-
ate the recommended therapy for CNS toxoplasmosis.

Issues During the Course of Hospitalization

The first hours of hospitalization should be devoted to
completing the patient evaluation outlined above and ini-
tiating empiric therapy for CNS toxoplasmosis if this is de-
termined to be the most appropriate course. As for patients
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Figure 76.2 Suggested algorithm for the evaluation of HIV-infected patients with focal central
nervous system lesions. CD4, peripheral blood CD4 lymphocyte count in cells per microliter; CNS,
central nervous system; EBV�, Epstein-Barr virus DNA not identified in CSF by polymerase chain re-
action; EBV�, Epstein-Barr virus DNA identified in CSF by polymerase chain reaction; Edema, mass
effect, enhancement: lesion has edema, mass effect, and enhancement on neuroimaging; JCV�, JC
virus DNA not identified in cerebrospinal fluid (CSF) by polymerase chain reaction; JCV�, JC virus
DNA identified in CSF by polymerase chain reaction; LP, lumbar puncture; No edema, mass effect,
enhancement: lesion does not have edema, mass effect, and enhancement on neuroimaging; No pro-
phylaxis, patient is not taking trimethroprim-sulfamethoxazole; PML, progressive multifocal leukoen-
cephalopathy; Prophylaxis, patient is taking trimethoprim-sulfamethoxazole; Toxo, CNS toxoplas-
mosis; VZV, varicella-zoster virus encephalitis.
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with meningitis, an assessment of vital signs, including di-
rected neurologic evaluations, should be performed 3–4
times per day, and a nursing and home assessment should
be obtained in the first 24 hours after admission. During
the hospitalization, patients with focal neurologic abnor-
malities should have physical and occupational therapy as-
sessments; speech therapy assessment is appropriate for pa-
tients with swallowing difficulties or speech deficits.
Although a CNS toxoplasmosis treatment trial is usually
continued for 10–14 days before efficacy is assessed, half of
the patients with CNS toxoplasmosis improve clinically by
day three of therapy, and most improve by day 7 (12).
Failure to improve within the first week of treatment
increases the likelihood of an alternative diagnosis, such as
primary CNS lymphoma.

Discharge Issues

By the third hospital day, patients who are neurologically
stable or improving and can tolerate their therapy may be
able to be discharged to home or a skilled nursing or reha-
bilitation unit provided that continued neurologic follow-
up is available. The decision to discharge to home versus a
more supervised setting depends on the factors mentioned
previously. Physician follow-up should be scheduled
within the first one to two weeks after discharge, and care-
givers should be cautioned to contact the health care
provider in case of worsening of symptoms and signs, or
the development of new symptoms and signs, particularly
a change in the level of consciousness.

OTHER CAUSES OF ALTERED
MENTAL STATUS

Issues at the Time of Admission

Clinical Presentation

The term altered mental status includes a spectrum of cogni-
tive changes that range from confusion to delirium and
dementia. Dementia does not cause acute changes in men-
tal status and, as noted in the introductory section, HIV-
associated dementia is a subacute disorder that can be
diagnosed and managed on an outpatient basis. Not un-
commonly, HIV-infected patients present with acute
changes in mental status. They may be confused, with dis-
orientation and misinterpretation of external stimuli or
clouding of consciousness. Patients who are delirious may
be disoriented and have hallucinations, illusions, or delu-
sions. These symptoms often fluctuate.

Differential Diagnosis and Initial Evaluation

The differential diagnosis of an acute change in mental sta-
tus includes infectious, structural, toxic, metabolic, and

other disorders (Table 76.3). Patients with underlying cog-
nitive impairment may be more susceptible to changes in
mental status caused by these problems. The suggested eval-
uations for meningitis and focal CNS lesions are provided
above. Encephalitis in HIV-infected patients is relatively un-
common. Before the advent of potent antiretroviral therapy,
a common cause of encephalitis in HIV-infected patients was
cytomegalovirus (CMV). CMV encephalitis is now quite rare
but should be considered in patients with CD4 cell counts
below 75/�L who are not receiving antiretrovirals. The re-
maining entities are listed in Table 76.3; none is unique to
HIV-infected patients (Chapter 115). The exception to this
statement may be that HIV-infected patients are particularly
susceptible to the toxic effects of medications, and because
they may be taking many different medications at the same
time, they are at increased risk for drug–drug interactions.

Again, the first step in evaluating an HIV-infected patient
with acute change in mental status is to assess risk status in
terms of the degree of immunosuppression. Consideration
should also be given to any history of trauma, use of recre-
ational drugs and prescription medications, and history of
previous neurologic disease, including seizures. The physi-
cal examination should include a formal assessment of
mental status—for example, the Short Portable Mental
Status Questionnaire (Table 16.3) or the Mental Alternation
Test (13). The Glasgow Coma Scale (Table 117.1) can be
used for obtunded or comatose patients. Because the differ-
ential diagnosis for acute change in mental status is exten-
sive, most patients, particularly those with a CD4 cell count
below 200/�L, should undergo neuroimaging.
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TABLE 76.3
MOST COMMON CAUSES OF ACUTE CHANGE
IN MENTAL STATUS IN HIV-INFECTED PATIENTS

Category of process Specific etiologies

Non-CNS infection Pneumonia
Bacteremia

CNS infection Meningitis
Cerebritis
Abscess
Herpes simplex encephalitis
Varicella encephalitis

Structural Head trauma
Hemorrhage
Tumor

Toxic encephalopathy Recreational drugs
Prescription medications

Metabolic encephalopathy Electrolyte abnormalities
Hepatic dysfunction
Hypoxemia

Other Seizure
Psychiatric disease

CNS, central nervous system.
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Cranial CT with and without contrast is the study of
choice in this setting to exclude quickly a focal lesion such
as abscess or hemorrhage, and to determine the safety of
lumbar puncture. Lumbar puncture should be performed to
evaluate the possibility of CNS infection in patients at great-
est risk based on clinical presentation or a low CD4 cell
count. CSF studies should include a cell count and determi-
nation of glucose and protein levels. The use of PCR to de-
tect CMV in CSF is appropriate if the patient is at risk for
CMV encephalitis (see earlier in this chapter). Herpes simplex
virus (HSV) encephalitis has been uncommonly described
in HIV-infected patients and may have fewer focal features
than in immunocompetent patients. Encephalitis due to
HSV type 2, rather than type 1, may be more common in
HIV-infected patients. PCR to detect HSV DNA in CSF is
98% sensitive and 94% specific for the diagnosis of HSV en-
cephalitis. Blood should be sent for assessment of elec-
trolytes and renal and hepatic function. A urine toxicology
screen and determination of blood levels of psychoactive
medications can be helpful. In particularly perplexing situ-
ations, it is useful to have a family member or friend bring
all the patient’s medications to the hospital for review.

Indications for Hospitalization and Intensive
Care Unit Admission

Hospital admission is generally required for all patients
with acute onset of significant change in mental status. Pa-
tients who are completely alert but confused or delusional,
or in whom symptoms are slowly evolving, may be able to
be evaluated on an outpatient basis. Because the differen-
tial diagnosis is so extensive, an estimate of the usual dura-
tion of hospitalization cannot be provided. In addition to
the criteria for ICU admission listed above, patients who do
not open their eyes to voice or who are comatose should be
admitted to an ICU.

Initial Therapy

The choice of initial therapy is based on the results of ini-
tial neuroimaging and of CSF and other laboratory analy-
ses. Patients with HSV encephalitis should be treated with
acyclovir (10 mg/kg IV every 8 hours). Neurosurgical con-
sultation is appropriate for assistance in managing patients
with intracranial hemorrhage or contusion who may re-
quire treatment to decrease intracranial pressure or surgical
excision. Metabolic abnormalities should be corrected.
Medication toxicity can be treated by withdrawal of the of-
fending agent or in some cases (benzodiazepines or opi-
ates) by administering a reversing agent.

Issues During the Course of Hospitalization

The first hours of hospitalization should be devoted to be-
ginning appropriate therapy and completing the necessary
diagnostic evaluation. Therapy for presumed HSV en-

cephalitis will often need to be initiated before the results
of confirmatory tests are available. Assessment of vital signs
and directed neurologic evaluations should be performed
3–4 times daily. As for most hospitalized patients, a nurs-
ing and a home assessment should be obtained in the first
24 hours after admission.

Discharge Issues

Because the differential diagnosis of acute change in men-
tal status is so extensive, generalizations regarding expected
hospital course are difficult to make. Broadly speaking, pa-
tients with reversible causes of toxic or metabolic en-
cephalopathy can be expected to recover within 1–3 days
and be discharged home. Patients with structural abnor-
malities or with encephalitis would be expected to have a
more protracted course and to require rehabilitation, either
in a skilled nursing facility or a rehabilitation unit, before
eventual discharge home.

COST CONSIDERATIONS AND
RESOURCE USE

Neurologic disease increases the length of stay and hospital
costs for HIV-infected patients (14). The time required to
establish a diagnosis is a likely contributor to increased
costs. In addition, neurologic disease is more likely to result
in discharge to an extended care facility, which suggests
that HIV-infected patients with neurologic disease may be
more severely ill than those without neurologic disease and
thus require a longer length of stay. Given this information,
means to increase the diagnostic accuracy of HIV-associ-
ated neurologic disorders could decrease the cost of hospi-
tal care. Neuroimaging is often considered to be a major
contributor to the cost of neurologic care. Although the
cost of cranial MRI can be as much as twice that of cranial
CT, proceeding directly to the cranial MRI in selected pa-
tients may ultimately reduce costs because MRI often pro-
vides information that CT does not and thereby reduces the
duration of hospitalization.

KEY POINTS

■ HIV-associated dementia, cryptococcal meningitis,
toxoplasmosis, and progressive multifocal leukoen-
cephalopathy are the most common central nervous sys-
tem disorders associated with HIV infection. All typically
occur in the setting of advanced immunosuppression.

■ The first step in evaluating an HIV-infected patient with
a neurologic disorder is to assess the risk status of the pa-
tient based primarily on peripheral blood CD4 cell
count, but also on the results of other laboratory tests,
presence of concomitant illnesses, and administration of
prophylactic therapies.
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■ Although HIV-infected patients with acute meningitis
may present with the typical symptoms and signs of
fever, headache, stiff neck, vomiting, and clouding of
consciousness, they may also have less typical presenta-
tions. The most common causes of meningitis are
Cryptococcus neoformans and Mycobacterium tuberculosis.

■ Elevated intracranial pressure is an important cause of
morbidity and mortality in HIV-infected patients with
cryptococcal meningitis.

■ Clinical findings are generally not very helpful in distin-
guishing one etiology of focal central nervous system le-
sions in HIV-infected patients from another.

■ Central nervous system lesions associated with neu-
roimaging evidence of brain edema, mass effect, and
contrast enhancement in patients infected with HIV are
most commonly caused by toxoplasmosis and primary
central nervous system lymphoma.

■ Focal central nervous system lesions not associated with
neuroimaging evidence of brain edema, mass effect, or
contrast enhancement are most commonly caused by
progressive multifocal leukoencephalopathy. However,
mass effect and contrast enhancement may be seen in pa-
tients who develop PML shortly after beginning potent
antiretroviral therapy as part of an “immune reconstitu-
tion syndrome.”

■ The differential diagnosis of acute change in mental sta-
tus in HIV-infected patients includes infectious, struc-
tural, toxic, metabolic, and other disorders.
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Signs, Symptoms, and 

Laboratory

Abnormalities in 

Gastrointestinal 

Disease
Kenneth McQuaid

INTRODUCTION

Gastrointestinal symptoms and signs are common in the
hospitalized patient. They are sometimes attributable to
problems intrinsic to the gastrointestinal tract or may be in-
dicative of a systemic disorder. When they are present on
admission, the differential diagnosis of these symptoms
and signs is lengthy. However, a complete history and
physical examination focus on the diagnostic evaluation.
Gastrointestinal symptoms that arise during hospitaliza-
tion most commonly are caused by problems intrinsic to
hospital treatment: medications, chemotherapy, nosoco-
mial infections, and invasive procedures or surgery. In ap-
proaching hospitalized patients, physicians should first
consider these nosocomial and iatrogenic factors while also
keeping in mind that “outpatient disorders” may arise in
the inpatient setting. In this chapter, the approaches to sev-
eral common signs, symptoms, and laboratory abnormali-
ties are addressed. The differential diagnosis, diagnostic
considerations, evaluation, and management for patients

presenting to the hospital are discussed and contrasted
with those for patients whose problems arise during a
hospitalization.

ABDOMINAL PAIN OCCURRING DURING
THE COURSE OF HOSPITALIZATION

Description and Differential Diagnosis

Common disorders resulting in abdominal pain that lead
to hospitalization are discussed in the subsequent chapters
of the gastroenterology section (e.g., acute pancreatitis in
Chapter 86, and bowel obstruction in Chapter 88). The pa-
tient in whom abdominal pain develops after hospitaliza-
tion presents a difficult challenge. In many instances, such
patients are critically ill with a major medical problem or
are in a postoperative recovery period. They may be unable
to provide a history of their symptoms because of alter-
ations in mental status or the need for assisted ventilation.

77
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Abdominal pain presenting in the hospitalized patient
can generally be assigned to one of the following
categories.

Conditions Overlooked or Misdiagnosed on
Hospital Admission

Patients who are elderly, have a psychiatric illness or altered
mental status, have multiple comorbid medical illnesses, or
are taking long-term analgesics or corticosteroids may not
manifest typical symptoms or signs of acute surgical disease
on admission and may be admitted to a nonsurgical service.
The admitting diagnoses of “fever,” “gastroenteritis,”
“sepsis,” “altered mental status,” “obstipation,” or “failure
to thrive” may stem from undiagnosed intraabdominal con-
ditions such as a perforated peptic ulcer, cholecystitis or
cholangitis, diverticulitis, or appendicitis in patients report-
ing little or no initial abdominal pain. Significant pain may
not become apparent until the disease progresses and com-
plications (e.g., peritonitis or abscess) arise. In such cases,
initial physical findings may be minimal, or the atypical lo-
cation may confound the diagnostic impression.

Unrelated Conditions First Arising in
the Hospital

Because physicians are trained to look for a “unifying diag-
nosis,” the possibility of a second, unrelated problem arising
anew in the hospitalized patient often is not even consid-
ered. The presentation of common causes of abdominal pain
such as acute cholecystitis, acute appendicitis, and perfo-
rated peptic ulcer may be atypical in the hospitalized patient.
This may lead to a delayed diagnosis and complications.

Conditions Arising as a Direct Consequence of
Problems Related to Critical Illness

A host of problems may arise in the gastrointestinal tract
that are a direct consequence of critical illness (Table 77.1),
such as the following:

Mucosal Ischemia
As a consequence of severe physiological stress, shunting
of splanchnic blood flow may give rise to ischemic dam-
age throughout the gastrointestinal tract. Patients at great-
est risk are those with sepsis, shock, coagulopathy, major
trauma, major central nervous system events, multiple
organ failure, or those who are undergoing mechanical
ventilation or major surgery. Many critically ill patients
are unable to report abdominal symptoms because of al-
tered mental status or sedation. Hence, these conditions
commonly are overlooked until complications supersede.
Acalculous cholecystitis may manifest with any combination
of right upper quadrant pain or tenderness, fever, and
leukocytosis in the postoperative or ICU patient. Symp-
toms or signs referable to the right upper quadrant com-

monly are not apparent or are overlooked until sepsis or
cholangitis develops (Chapter 84). Nonocclusive mesenteric
ischemia and ischemic colitis most commonly arise in pa-
tients with cardiogenic or hypovolemic shock that results
in vasoconstriction or other compromise of the mesen-
teric arteries (Chapter 87).

Disruption of Intestinal Motility
Ileus and acute colonic pseudo-obstruction (Ogilvie’s syndrome)
are due to reversible inhibition of intestinal motility that
develops in patients who are critically ill or in a postopera-
tive state. They are characterized by diffuse abdominal pain
and distention (Chapter 88).

Acute Pancreatitis
Acute pancreatitis may occur in the hospitalized patient for
a number of reasons. The medication list must be carefully
reviewed for potential causative agents. Fasting patients are
predisposed to the development of biliary sludge and small
gallstones, which can cause acute pancreatitis. Ischemic in-
jury to the pancreas may occur in patients who have had
shock. Up to 8% of patients sustain overt pancreatitis after
cardiopulmonary bypass, and significantly more have sub-
clinical injury. Finally, acute pancreatitis may occur after
other abdominal surgeries, even when the pancreas is not
directly manipulated (Chapter 86).

Acute Adrenal Insufficiency
Adrenal crisis may occur in hospitalized patients with
latent adrenal disease due to the stress of surgery, trauma,
infections, or prolonged fasting. It may also occur in
patients taking chronic adrenocorticoids if these medi-
cations are not continued in the hospital. Acute adrenal

TABLE 77.1
CAUSES OF ABDOMINAL PAIN IN THE
HOSPITALIZED PATIENT

Problems arising from physiological stress
Stress-related gastric or duodenal ulcers
Mesenteric ischemia
Ischemic colitis
Acalculous cholecystitis
Pancreatitis
Ileus
Acute colonic pseudo-obstruction (Ogilvie’s syndrome)
Acute adrenal insufficiency

Complications secondary to hospitalization
Postsurgical complications
Postprocedural complications
Clostridium difficile colitis
Medication-induced abdominal pain
Constipation
Pneumonia
Coronary ischemia
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insufficiency (Chapter 109) may also occur following in-
jury to adrenals by hemorrhage, thrombosis, or infection.
Patients may complain of nausea, vomiting, abdominal
pain, and diarrhea. Signs of adrenal crisis include fever,
hypotension, hypoglycemia, and hyponatremia.

Complications Arising as a Consequence of
Hospitalization Or Intervention

Postprocedural Complications
In the hospital setting, patients may undergo a variety
of abdominal procedures. Any patient complaining of
abdominal pain within 24–48 hours of an invasive
procedure should be presumed to have a complication
until proved otherwise. A full description of these compli-
cations is beyond the scope of this discussion, but three
broad categories should be considered: (a) bleeding
(intraperitoneal, retroperitoneal, within solid organs, or
within the bowel wall); (b) perforation of a hollow viscus;
or (c) infection.

Inflammatory Colitis
Clostridium difficile-associated colitis develops in 1% of
patients receiving antibiotics (see the section on “Diar-
rhea” later in this chapter). Some patients present with
fever, abdominal distention, pain, tenderness, and leuko-
cytosis with minimal or no diarrhea. Such cases may be
confused with ileus or Ogilvie’s syndrome. Neutropenic
typhlitis is an inflammatory process involving the cecum,
ascending colon, and terminal ileum that occurs in some
patients with profound neutropenia (�1,000 cells �L)
after they receive cytotoxic drugs. It may lead to bacterial
invasion, perforation, and shock, and carries a mortality
of 50%. Right lower quadrant cramping pain, fever, and
watery or bloody diarrhea usually are present.

Abdominal Pain Induced by Medication
A host of medications can cause dyspepsia, including
nonsteroidal antiinflammatory drugs (NSAIDs), iron,
niacin, corticosteroids, oral antibiotics, lactulose, sorbitol,
acarbose, theophylline, digoxin, and L-dopa. Acute opiate
withdrawal should be considered in high-risk patients with
cramping abdominal pain and diarrhea. Anticoagulation
may be associated with spontaneous or post-procedure
hemorrhage in the liver, spleen, bowel wall, peritoneal
cavity, retroperitoneum, or abdominal wall, resulting in
acute, often dramatic, abdominal pain.

Constipation
Constipation is common in the hospital setting because of
alterations in diet, bed rest, medications, postoperative
pain, and restricted access to private facilities. It may go
unnoticed until abdominal distention and pain develop.

Other Medical Conditions

Pneumonia and coronary ischemia may present with pain in
the epigastrium or upper quadrants. Pursuit of abdominal
causes of pain in these cases may lead to serious delay in di-
agnosis and appropriate treatment.

Evaluation

The initial approach to the hospitalized patient with ab-
dominal pain is similar to that in the outpatient setting.
When possible, a history and physical examination should
be repeated, with emphasis on the presence of abdominal
symptoms that preceded hospital admission. The findings
of abdominal distention, recent incision or puncture sites,
hematomas, and the presence or absence of bowel sounds
should be noted. Tympany and tenderness are suggestive
of ileus or perforation. Attention should be paid to the
presence of tenderness in the right upper quadrant (chole-
cystitis), right lower quadrant (Ogilvie’s syndrome or
appendicitis), or left lower quadrant (ischemic colitis or
diverticulitis). The finding of gross blood on digital rectal
examination is suggestive of mesenteric ischemia or
ischemic colitis.

Reports of all diagnostic and therapeutic procedures
should be reviewed, and any complications noted. The
medication list should be reviewed for antibiotics or other
drugs that might cause abdominal pain. Anticoagulants in-
crease the likelihood of an intra-abdominal or retroperi-
toneal hemorrhage.

Abdominal pain that develops in the hospitalized pa-
tient warrants further investigation. A complete blood cell
count with differential, a urinalysis, and values for elec-
trolytes, liver chemistries, and amylase should be obtained.
A recent drop in hematocrit suggests intra-abdominal hem-
orrhage. Leukocytosis is nonspecific in the hospitalized
patient, but a recent or continued rise suggests a serious
cause of abdominal pain. The presence of an anion gap
acidosis is worrisome for lactic acidosis caused by intra-
abdominal abscess, sepsis, or ischemic bowel. Changes in
liver chemistries, sometimes quite minor, may be indicative
of calculous or acalculous cholecystitis, cholangitis, or both.
Hyperamylasemia may point to acute pancreatitis.

A flat and upright or right lateral decubitus abdominal
radiograph should be obtained in all hospitalized patients
with abdominal pain to look for the presence of free 
intra-abdominal air. Increased gas throughout the small
and large bowel suggests ileus. Acute obstruction of the
large or small bowel can be distinguished from ileus by
auscultation and abdominal radiographs. When the colon
is predominantly dilated, Ogilvie’s syndrome, C. difficile
colitis, and (in immunosuppressed patients) typhlitis
should be considered. The presence of gas in the rectum
helps to distinguish these from a distal large-bowel ob-
struction. Hypaque enema or colonoscopy is sometimes
necessary to exclude mechanical large-bowel obstruction
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(Chapter 88). Significant thickening of the colonic wall
may be evident with ischemic colitis, pseudomembranous
colitis, or typhlitis. Sigmoidoscopy or colonoscopy may be
indicated when ischemic colitis or C. difficile pseudomem-
branous colitis is suspected. Constipation is evidenced by a
large, stool-filled rectum and descending colon.

When the above fail to indicate the cause of abdominal
pain, further imaging is required. For suspected cholecysti-
tis, ultrasonography is preferred. In most other patients, ab-
dominal computed tomography (CT) is the optimal study
to evaluate the presence of small amounts of intraperi-
toneal air, intraabdominal abscess, retroperitoneal hemor-
rhage, intestinal ischemia, cholecystitis, pancreatitis, and
appendicitis. In patients with suspected complications of
an invasive procedure, it is also the study of choice.

Management

The appropriate management of the hospitalized patient
with abdominal pain depends on the suspected etiology.
If there is any question of a complication related to a pro-
cedure, the service that performed that procedure should
be contacted. The patient should be aggressively volume-
resuscitated as needed. Patients with sepsis or suspected
intra-abdominal infection should be treated with broad
aerobic and anaerobic antibiotic coverage (Chapter 64).
Placement of a nasogastric tube is indicated for the patient
with vomiting, ileus, acute colonic pseudo-obstruction, or
bowel obstruction. For specific management of stress ul-
ceration (Chapter 80), acalculous cholecystitis (Chapter
84), acute pancreatitis (Chapter 86), ileus and Ogilvie’s
syndrome (Chapter 88), and surgical emergencies (Chap-
ter 87), refer to the chapter indicated.

NAUSEA AND VOMITING

When Presenting at the Time of Admission

Description and Differential Diagnosis

The medullary vomiting center receives stimulatory input
from (a) vagal and splanchnic fibers from the gastrointesti-
nal tract, (b) the vestibular system, (c) the chemoreceptor
trigger zone (rich in serotonin and dopamine receptors),
and (d) higher central nervous system centers. The causes
of acute vomiting can be subsumed under these general cat-
egories (Table 77.2).

Chronic vomiting may be a consequence of gastro-
paresis, gastric outlet obstruction, intestinal dysmotility,
central nervous system disorders, systemic disorders,
psychogenic factors, and pregnancy. It is important to dis-
tinguish mechanical causes (which may require surgical
therapy) from other causes. Vomiting immediately after
meals may represent bulimia or other psychogenic fac-
tors, but it also occurs in patients with pyloric stenosis
from peptic ulcer disease. The vomiting of undigested
food between one and several hours after meals suggests
gastroparesis, gastric outlet obstruction, or proximal
small-bowel obstruction. Morning vomiting is typical of
alcoholic gastritis, pregnancy, uremia, and increased
intracranial pressure.

Evaluation

In patients with acute vomiting, the goal is to distinguish
“surgical” from “medical” conditions. The acute onset of
vomiting without significant abdominal pain is commonly
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TABLE 77.2
CAUSES OF ACUTE NAUSEA AND VOMITING

CNS, central nervous system; CTZ, chemoreceptor trigger zone.

Visceral afferent sensation
Infections

Viral gastroenteritis
Toxin-mediated food poisoning
Acute systemic infections

Mechanical obstruction
Extrinsic small bowel obstruction
Intrinsic small bowel obstruction

Ileus
Visceral pain or peritoneal irritation
Medications/irritants

Stimulation of CTZ
Chemotherapy agents
Other medications

Opioids
L-dopa

Systemic disorders
Uremia
Diabetic ketoacidosis

Hyperglycemia
Adrenal crisis

Radiation therapy

Vestibular disorders

CNS stimulation
Increased intracranial pressure
CNS tumors
Subarachnoid hemorrhage
Subdural hemorrhage
Meningitis
Encephalitis
Psychogenic

Other systemic conditions
Myocardial infarction
Hypercalcemia
Pregnancy
Acute fatty liver of pregnancy
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caused by “medical” conditions, such as infectious gas-
troenteritis, food poisoning, myocardial infarction, or
medications. The acute onset of abdominal pain that is ac-
companied or followed by vomiting is typical of “surgical”
conditions, such as acute pancreatitis, cholecystitis, appen-
dicitis, perforated viscus, renal colic, or intestinal obstruc-
tion. Patients should be asked about recent changes in
medications, food ingestion, viral symptoms, or similar ill-
nesses in family members.

On physical examination, evidence of volume depletion
should be sought. Abdominal distention suggests ileus or
intestinal obstruction. A succussion splash may be present
with gastric outlet obstruction or gastroparesis. The pres-
ence of severe abdominal pain or tenderness or signs of
peritoneal irritation is indicative of a surgical condition
and warrants urgent attention (Chapter 87). Hernial ori-
fices and surgical scars should be carefully examined. Neu-
rologic and funduscopic examinations are mandatory to
screen for increased intracranial pressure.

A complete blood cell count and values for electrolytes,
glucose, liver chemistries, blood urea nitrogen, creatinine,
and amylase should be obtained. Leukocytosis may suggest
a “surgical” cause of vomiting but is also seen with viral
gastroenteritis. Elevated liver chemistries or amylase may
indicate hepatitis, cholecystitis, choledocholithiasis, or
pancreatitis. A metabolic acidosis may be caused by renal
insufficiency, adrenal insufficiency, and diabetic or alco-
holic ketoacidosis. Prolonged vomiting may result in
hypokalemia, metabolic alkalosis, hyponatremia or hyper-
natremia, and prerenal azotemia. In menstruating women,
levels of urinary or serum �-HCG (human chorionic go-
nadotropin) should be determined.

A flat and upright abdominal radiograph should be
obtained in patients with severe pain or in whom
mechanical obstruction is suspected to look for free
intraperitoneal air or dilated loops of small bowel.
Aspiration of more than 200 mL of residual material via
nasogastric tube in a fasting patient suggests gastric outlet
obstruction, proximal small-bowel obstruction, or gastro-
paresis. The cause of gastric outlet obstruction is best
determined by upper gastrointestinal endoscopy. In
patients in whom mechanical obstruction is excluded by
endoscopy or upper gastrointestinal series, gastroparesis
can be demonstrated by a nuclear scintigraphic study
showing delayed gastric emptying. Suspected pancreatico-
biliary disease can be investigated with abdominal
ultrasonography, CT, or endoscopic retrograde cholan-
giopancreatography (ERCP). Central nervous system
symptoms warrant evaluation with magnetic resonance
imaging (MRI) of the head.

Management

Management of the patient with vomiting is directed at the
underlying disorder. Most cases of acute vomiting caused
by infections or food poisoning are mild and self-limited,
and they require no specific treatment. In patients with

severe vomiting, metabolic alkalosis and hypokalemia can
develop. Intravenous (IV) 0.45% saline solution with
potassium chloride (20 mEq/L) can be given to maintain
hydration. A nasogastric tube for gastric decompression
improves patient comfort and permits monitoring of
fluid loss.

Medications that inhibit different neural inputs into the
vomiting center may be given to control vomiting. Combi-
nations of agents from several drug classes provide greater
efficacy with less toxicity (Table 77.3).

When Nausea and Vomiting Appear During
Hospitalization

Description and Differential Diagnosis

Vomiting in hospitalized patients has a limited differential
diagnosis. The most common cause is ileus, a nonspecific
condition associated with a number of medical and surgi-
cal conditions (Chapter 88). Most cases resolve within
3–5 days, and persistent symptoms should prompt evalua-
tion for an undrained abscess or systemic infection. A
number of medications can cause nausea (Table 77.2 and
Chapter 80). Although nausea and vomiting are common
in patients receiving chemotherapy or radiation therapy,
other causes of vomiting related to malignancy should be
considered, including brain metastases, malignant bowel
obstruction, and electrolyte imbalances (especially hyper-
calcemia). Nausea and vomiting can be early symptoms of
acute veno-occlusive disease or graft-versus-host disease in
transplant recipients (Chapter 96). In immunocompro-
mised patients, vomiting can reflect hepatic or gastroin-
testinal involvement with opportunistic infections; the
presence of headache or central nervous system symptoms
suggests meningitis or brain abscesses caused by oppor-
tunistic pathogens (Chapter 70).

Evaluation

The hospital course should be reviewed, with particular at-
tention paid to the medication record. A temporal relation-
ship between the initiation of medications and the onset of
nausea and vomiting is noteworthy. Physical examination
should note the presence of distention, bowel sounds, and
focal or diffuse abdominal tenderness. Ileus and mechani-
cal obstruction can be difficult to differentiate in patients in
the postoperative period (Chapter 88).

Further evaluation includes complete blood cell count
and determination of values for electrolytes, calcium, liver
chemistries, and amylase. A flat and upright abdominal
plain film helps distinguish ileus from mechanical obstruc-
tion. When the diagnosis is in question, a limited barium
radiographic study or abdominal CT may be helpful. Imag-
ing with abdominal ultrasonography or CT is also indicated
in patients with suspected acalculous cholecystitis or in-
traabdominal infection. Upper gastrointestinal endoscopy
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is sometimes performed to exclude peptic ulcer disease and
to diagnose opportunistic infections in immunocompro-
mised patients and acute graft-versus-host disease.

Management

The management of vomiting in the hospitalized patient is
similar to that for the patient presenting this symptom. The
management of intestinal ileus is discussed in Chapter 88.

DIARRHEA

When Presenting at the Time of Admission

Description and Differential Diagnosis

Diarrhea is a common symptom that ranges in severity
from a self-limited annoyance to a life-threatening illness.
In sorting among the myriad causes, it is helpful to dis-
tinguish acute from chronic diarrhea, as the differential
diagnosis, evaluation, and treatment are entirely different.
With rare exceptions, chronic diarrhea is evaluated on
an outpatient basis and therefore is not discussed in this
section.

Diarrhea that is acute in onset and persists less than
three weeks is most commonly caused by viral or bacterial

infections, bacterial toxins (“food poisoning”), parasites,
or medications (Table 77.4). Similar illness in family
members suggests an infectious origin. Recent ingestion of
improperly stored or prepared food implicates food poi-
soning, especially if others have been similarly affected.
Antibiotic use within the prior 1–2 months increases the
likelihood of C. difficile colitis. All current medications (in-
cluding over-the-counter medications), illicit drugs, nutri-
tional and herbal supplements, alcohol, and caffeine
should be reviewed, especially those started within the last
8 weeks. A careful travel history should be obtained. In el-
derly patients, acute cramping abdominal pain followed by
bloody stools suggests ischemic colitis. Fecal impaction
leading to pseudo-diarrhea should be considered in insti-
tutionalized or bedridden patients.

The nature of diarrhea helps to distinguish among dif-
ferent causes.

Noninflammatory Diarrhea
Watery, nonbloody diarrhea associated with periumbilical
cramps, bloating, nausea, or vomiting suggests an enteritis
caused by either a toxin-producing bacterium or other
noninvasive agents that disrupt intestinal absorption or
secretion. Prominent vomiting suggests viral enteritis or
Staphylococcus aureus food poisoning. Although in most
cases noninflammatory diarrhea in adults is mild, in some
cases (e.g., infection with Vibrio cholerae) it leads to volu-
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TABLE 77.3
COMMON ANTIEMETIC REGIMENS

Dosage Route

Serotonin (5-HT3) antagonists
Ondansetron Postoperative: 8 mg or 0.15 mg/kg once daily IV

Before chemotherapy: 32 mg IV
8 mg twice daily PO

Granisetron 1 mg or 0.01 mg/kg IV
2 mg once daily PO

Dolasetron 100 mg or 1.8 mg/kg once daily IV
100–200 mg once daily PO

Dopamine antagonists
Prochlorperazine 5–10 mg q4–6h PO, IM, IV

25 mg suppository every 6–8 hrs PR
Metoclopramide 10–20 mg q6h PO

0.5–2 mg/kg q6–8h IV
Trimethobenzamide 250 mg every 6–8 hrs PO

200 mg every 6–8 hrs PR, IM

Antihistamines and
anticholinergics
Diphenhydramine 25–50 mg q4–6h PO, IM, IV
Scopolamine 1.5 mg q3d Patch

Sedatives
Lorazepam 1–2 mg q4–6h PO, IV
Dronabinol 5 mg/m2 q2–4h PO

5-HT3, 5-hydroxytryptamine.
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minous fluid loss and electrolyte imbalance. Because tissue
invasion does not occur, fecal leukocytes are not present.

Inflammatory Diarrhea
The presence of fever and bloody diarrhea indicates colonic
mucosal disruption as a consequence of direct bacterial in-
vasion or cytotoxin production, inflammatory bowel dis-
ease, or ischemic colitis. Because such processes primarily
involve the colon, diarrheal volume is small (�1 L/d) and
is associated with lower abdominal cramps, urgency, and
tenesmus. Although fecal leukocytes commonly are pre-
sent, they may be absent (Table 77.5). Escherichia coli
O157:H7, a toxigenic, noninvasive organism that can be
acquired from contaminated beef or unpasteurized juice,
has caused outbreaks of acute, often severe hemorrhagic
colitis. It is the most common cause of infectious bloody
diarrhea in adults and the most common cause of
hemolytic uremic syndrome in children. In patients who
have AIDS or are otherwise immunocompromised, cyto-
megalovirus infection can result in intestinal ulceration
with watery or bloody diarrhea.

Enteric Fever
A severe systemic illness manifested by high fevers, confu-
sion, and respiratory symptoms followed by abdominal
tenderness, diarrhea, and rash can be caused by infection
with Salmonella typhi or S. paratyphi and result in bacteremia
and multiple organ dysfunction.

Evaluation

More than 90% of cases of acute diarrheal illness are mild
and self-limited, responding within 5 days to simple rehy-

dration therapy or antidiarrheal drugs. In such cases, labo-
ratory investigation is unnecessary because it usually is un-
revealing and does not affect outcome. The isolation rate of
pathogens from stool cultures is less than 3%. The goal is
to distinguish patients with mild self-limited disease from
those with serious illness. Patients with mild illness at pre-
sentation can be treated symptomatically without further
stool studies or culture. If diarrhea persists or fails to im-
prove within 10 days, stool should be sent for culture and
ova and parasite evaluation.

Patients with signs of more severe illness manifested by
any of the following require more aggressive evaluation:
high fever (�38.5°C), bloody diarrhea, significant abdom-
inal pain, and signs of volume depletion, tenesmus, or
prolonged illness. Hospitalization is required for severe
dehydration, abnormal mental status, suspected bac-
teremia, or marked abdominal pain. Peritoneal findings
may signify the presence of enterohemorrhagic E. coli
O157:H7 infection (patients are usually afebrile), enteric
fever, or fulminant ulcerative colitis. An abdominal radio-
graph should be obtained in such patients to look for
evidence of megacolon, perforation, or colonic thickening.
Approximately 50% of patients with bloody or severe diar-
rhea requiring hospital admission have positive stool
cultures for bacterial or parasitic pathogens.

Microscopic examination of the stool for fecal leukocytes
is an easy, inexpensive test that helps distinguish inflam-
matory from noninflammatory diarrhea (Table 77.5). The
presence of fecal leukocytes suggests an infectious diarrhea
that warrants stool bacterial culture and ova and parasite
determination, although results are sometimes positive in
inflammatory bowel disease or ischemic colitis. Patients
with mild-to-moderate diarrhea whose stool is negative for
fecal leukocytes can be treated symptomatically.
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TABLE 77.4
MAJOR CAUSES OF ACUTE DIARRHEA
(LESS THAN 3 WEEKS DURATION)

Infections
Viral: rotavirus, Norwalk virus
Toxin-producing bacteria
—Preformed (ingested) toxin: Staphylococcus aureus, Clostridium

perfringens
—Secretory enterotoxin: Bacillus cereus, enterotoxigenic

Escherichia coli, Aeromonas, Vibrio cholerae
—Cytoxin: enterohemorrhagic E. coli O157:H7, V. parahaemolyti-

cus, C. difficile
Invasive bacteria: Salmonella, Shigella, Campylobacter, Listeria

monocytogenes, Yersinia enterocolitica
Parasitic/protozoal: Giardia, amebiasis
Immunosuppression and HIV disease: cytomegalovirus, MAC,

Cryptosporidium, microsporidia, Isospora, fungal
Medications
Ulcerative colitis
Ischemic colitis
Fecal impaction

MAC, Mycobacterium avium complex.

TABLE 77.5
FECAL LEUKOCYTES IN ACUTE DIARRHEAL
DISORDERS

Noninflammatory diarrheas: fecal WBCs absent
Viral: rotavirus, Norwalk agent
Protozoal: Giardia, Cryptosporidium, Cyclospora, Isospora
Bacterial: Staphylococcus aureus, Bacillus cereus, Clostridium

perfringens, enterotoxigenic Escherichia coli, Vibrio cholerae

Inflammatory diarrheas
1. Fecal WBCs usually present

Bacterial: Shigella, Campylobacter jejuni
Noninfectious: ulcerative colitis, Crohn’s disease, radiation or

ischemic colitis
2. Fecal WBCs variably present

Bacterial: Salmonella, Yersinia enterocolitica, Vibrio para-
haemolyticus, Aeromonas, Listeria monocytogenes,
E. coli O157:H7, C. difficile

3. Fecal WBCs absent: amebiasis, cytomegalovirus

WBC, white blood cell.
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In most patients with severe acute diarrhea, the findings
of flexible or rigid sigmoidoscopy are nonspecific and add
little to the initial assessment. Infectious colitis cannot be
distinguished from ulcerative colitis by sigmoidoscopy. In
suspected ischemic colitis, the presence of sigmoid colitis
with a normal-appearing rectum (rectal sparing) confirms
the diagnosis. Sigmoidoscopy also can be helpful in assess-
ing patients with symptoms of proctitis (tenesmus, rectal
pain, bloody discharge), in which mucosal abnormalities
are confined to the anorectum.

Management

Fluids and Diet
The majority of patients with mild acute diarrhea can be
treated conservatively with oral fluids containing carbohy-
drates and electrolytes. Patients generally find it more com-
fortable to rest the bowel by avoiding high-fiber foods, fats,
milk products, caffeine, and alcohol. However, oral intake
of fluids and soft foods should be encouraged. In severe di-
arrhea, volume depletion can occur quickly, especially in
children and the elderly. Oral rehydration is preferred to IV
fluids because it is inexpensive, safe, and highly effective.
Oral electrolyte solutions (e.g., Pedialyte) are commercially
available. Fluids should be given at a rate of 50–200 mL/kg
daily depending on hydration status. IV solutions may be
necessary initially in patients with severe dehydration.

Symptomatic Therapies
Antidiarrheal agents can be used safely in mild diarrheal ill-
ness. Opioids reduce stool number and liquidity and con-
trol rectal urgency. They should not be used in patients
with signs of severe colitis (high fever, severe pain, signifi-
cant bleeding, tenderness) because of the possibility of ex-
acerbating the illness. Loperamide is preferred because it
does not cross the blood–brain barrier (4 mg initially, then
2 mg after each bowel movement; maximum, 16 mg/24 h).
Bismuth subsalicylate (two tablets or 30 mL four times
daily) is an effective treatment for diarrhea because of its
antiinflammatory and antibacterial actions. Anticholiner-
gics are contraindicated in acute diarrhea because they may
(rarely) cause megacolon.

Antibiotic Therapy
Because more than 90% of patients with acute diarrhea have
self-limited disease, empiric antibiotic treatment of all pa-
tients with acute diarrhea is not warranted. The exception to
this is traveler’s diarrhea, in which empiric treatment with
loperamide and an antibiotic (trimethoprim-sulfamethox-
azole or a fluoroquinolone) for 3–5 days markedly curtails
the period of diarrhea. However, in patients with moderate-
to-severe fever, bloody stools, or severe diarrhea, empiric
treatment is recommended while stool bacterial cultures are
pending. The choice of antibiotics depends on known local
sensitivity patterns. The duration of treatment has not been

well defined, but five days is adequate in most cases. For pa-
tients with diarrhea and positive stool cultures, antibiotics
are not recommended for nontyphoidal Salmonella, Campy-
lobacter, Aeromonas, E. coli O157:H7, or Yersinia infection
(except in severe or prolonged disease) because such ther-
apy has not been shown to hasten recovery or reduce the pe-
riod of fecal bacterial excretion.

When Diarrhea Appears During the
Hospitalization

Description and Differential Diagnosis

Diarrhea is a common problem in hospitalized patients, oc-
curring in up to 40% of patients in the ICU setting. Although
many cases are mild, diarrhea can complicate nursing care,
compromise nutrition by interfering with the administra-
tion of enteral feeds, and disturb fluid and electrolyte bal-
ance. Nosocomial diarrhea is associated with an increased
incidence of other nosocomial infections, increased mortal-
ity, longer hospital stays, and higher hospital costs.

Diarrhea developing within the first three hospital days
may be caused by any of the factors previously discussed.
Thereafter, infectious diarrheas (other than those associ-
ated with C. difficile) are rare except in immunocompro-
mised patients. The most common causes of diarrhea in the
hospitalized patient are the following:

Antibiotic-Associated Diarrhea
Antibiotics account for more than half the cases of nosoco-
mial diarrhea. In the majority of these cases, no pathogen
can be identified. Alterations in colonic flora caused by
antibiotics can lead to a decrease in colonic bacterial fer-
mentation of fecal carbohydrates, resulting in an osmotic
diarrhea, or to an increase in luminal fatty acids, resulting
in secretory diarrhea.

Approximately 20% of cases of antibiotic-associated di-
arrhea are attributable to infection with C. difficile. It is es-
timated that 20% of hospitalized patients become colo-
nized with C. difficile, and most remain asymptomatic.
Standard infection control procedures, with hand washing
between examinations and enteric precautions for patients
with known infection, are important in preventing the
nosocomial spread of C. difficile. Although most antibiotics
have been associated with C. difficile disease, third-genera-
tion cephalosporins, ampicillin, and clindamycin are most
commonly implicated. C. difficile is the major cause of
nosocomial diarrhea, affecting between 1 in 100 and 1 in
1,000 persons receiving parenteral antibiotics. Most have
mild-to-moderate watery diarrhea with lower abdominal
cramps or tenderness. In a subset of patients, more severe
colitis develops. The serum white blood cell count may be
extremely high. Although some blood may be present,
grossly bloody stools are unusual. Fulminant, life-threaten-
ing colitis characterized by lethargy, fever, tachycardia, ab-
dominal pain, and distention occurs in a small number of
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patients. Complications include hypovolemia, hypoalbu-
minemia from mucosal protein loss, and toxic megacolon.
The development of toxic megacolon with paralytic ileus
can result in a paradoxical decrease in diarrhea.

Enteral Feedings
Diarrhea occurs in more than one-fourth of patients receiv-
ing enteral feedings. Causes include high osmolality of the
solution, rapid rate of infusion, intestinal ileus with rapid
transit, intestinal villous atrophy with malabsorption, hy-
poalbuminemia, and bacterial contamination.

Other Infections
In immunosuppressed patients, diarrhea can be caused by
infection with cytomegalovirus, fungi, or Cryptosporidium.

Other Causes
Milk is included routinely in hospital diets, despite a high
prevalence of lactose intolerance. Medications adminis-
tered in the hospital can cause diarrhea. Fecal impaction
with pseudo-diarrhea occurs in patients with prolonged
constipation. The acute onset of cramping abdominal pain
followed by bloody stools should suggest the possibility of
ischemic colitis in elderly patients. Chemotherapy may
result in diarrhea beginning within 3–10 days of treatment.
Acute graft-versus-host disease occurs after allogeneic bone
marrow transplants and is manifested by skin rash, jaun-
dice, abdominal pain, and profuse diarrhea.

Evaluation

A stool assay for C. difficile cytotoxin and an assessment of
fecal leukocytes should be performed in all patients. Fecal
leukocytes are present in more than half of patients in-
fected with C. difficile, especially those with severe or pseu-
domembranous colitis. One negative cytotoxin test result
does not exclude the diagnosis, as the sensitivity is only
80% when the first stool sample is examined.

Sigmoidoscopy is not helpful in most patients with
nosocomial diarrhea. In patients with mild C. difficile-
associated diarrhea, the mucosal appearance is usually nor-
mal. However, in cases of severe disease, there is a patchy
or diffuse colitis with or without pseudomembranes.
Therefore, in a patient who has profuse diarrhea or signs of
toxicity but whose stool test result is negative for C. difficile,
flexible sigmoidoscopy should be performed and the pa-
tient treated presumptively for C. difficile infection if colitis
is found. In 10% of cases of severe C. difficile-associated col-
itis, mucosal changes are confined to the proximal colon
and are missed by sigmoidoscopy. Sigmoidoscopy also
helps diagnose ischemic colitis or cytomegalovirus colitis.

Evaluation for other causes of nosocomial diarrhea
should be pursued after C. difficile infection has been ex-
cluded. Routine stool cultures should be performed in
patients with immunosuppression, AIDS, or persistent di-
arrhea when fecal leukocytes are present. The medication

list must be reviewed and possible offending agents dis-
continued. Diarrhea caused by enteral feedings is sug-
gested by the presence of an increased stool osmolality gap
(�100 mOsm/L).

Management

Treatment of nosocomial diarrhea is directed at the under-
lying cause. In mild cases of antibiotic-associated diarrhea,
symptoms usually improve without therapy within 2–3
days after discontinuation of the antibiotic. When C. diffi-
cile-associated diarrhea is persistent or severe, specific ther-
apy is indicated. Metronidazole (250 mg orally four times
daily for 10 days) is the drug of choice because of its high
efficacy (�95%) and low cost. Diarrhea and fever begin to
respond within 24–48 hours and resolve within 5–10 days.
Failure to respond may be a consequence of ileus, perfora-
tion, or underlying colonic diseases, such as malignancy,
inflammatory bowel disease, or ischemic colitis. Although
vancomycin (125 mg orally four times daily) is equally ef-
fective, its use is discouraged because it is expensive and
promotes the development of vancomycin-resistant organ-
isms. It should be restricted to patients who fail initial treat-
ment with metronidazole. Patients unable to take oral
medications because of ileus and patients with severe coli-
tis should be treated with IV metronidazole (500 mg every
6 hours) or with vancomycin given via nasogastric tube or
retention enema (500 mg in 500 mL of saline solution ev-
ery 8 hours). Seriously ill patients with fulminant or in-
tractable symptoms may require colectomy for progressive
deterioration, peritonitis, or perforation. After initial reso-
lution, symptoms recur in 20% of cases. Most relapses re-
spond to a second course of treatment. With recurrent re-
lapses, prolonged antibiotic treatment with gradual
tapering during 1–2 months may be successful.

Diarrhea associated with enteral feedings usually im-
proves after a reduction in the rate of delivery of the enteral
solution (Chapter 15). Iso-osmolar feeding solutions may
be better tolerated than hyperosmolar formulations; how-
ever, further dilution of the enteral formulation is seldom
helpful. Although no clear advantage has been demon-
strated with formulations that contain extra fiber, they may
benefit some patients. No clear benefit has been demon-
strated for elemental or short-peptide enteral formulations.
Opioids (loperamide or paregoric) can be useful, but
should be avoided in patients with C. difficile colitis.

HEPATOMEGALY

The best means of determining liver size is ultrasonography
or CT. Physical examination is neither sensitive nor specific
in the detection of true enlargement. Half of the livers be-
lieved to be enlarged on physical examination are of nor-
mal size on ultrasonography. A nonpalpable liver with a
percussion span of less than 12 cm in the midclavicular line
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makes hepatomegaly unlikely. The liver edge is palpable
1–2 cm below the costal margin in approximately one-
third of normal adults.

Description and Differential Diagnosis

It is important to distinguish true hepatomegaly from
inferior displacement by the right hemidiaphragm. True
hepatomegaly can be caused by either focal or diffuse liver
disorders. Although this distinction is not always appreci-
ated on physical examination, it is readily established with
imaging studies.

Among patients with diffuse enlargement, the acute onset
of right upper quadrant discomfort is suggestive of hepatic
venous congestion or acute hepatitis. Hepatic venous
thrombosis (Budd-Chiari syndrome) occurs most commonly
with hypercoaguable states, renal or hepatocellular carci-
noma, and collagen vascular disorders. It can present
acutely with right upper quadrant pain and hepatomegaly,
or subacutely-to-chronically with hepatomegaly, ascites,
and portal hypertension. The presence of hepatomegaly in
patients with active alcoholism suggests fatty liver, active
hepatitis, or the development of hepatocellular carcinoma.
Fatty liver also occurs with obesity or diabetes mellitus. The
presence of renal insufficiency and congestive heart failure
may suggest amyloidosis. Hemochromatosis can be associ-
ated with diabetes and congestive heart failure.

Focal hepatic lesions are caused by cysts, abscesses, and
benign and malignant tumors. The presence of fever, right
upper quadrant pain, and tender hepatomegaly suggests
hepatic abscess. However, some patients present with non-
specific malaise, weight loss, and hepatomegaly. Many
abscesses are secondary to biliary disease, intraabdominal
infection, or bacteremia, but half have no obvious cause.
Amebic abscesses occur in patients with a history of travel to
endemic areas. Echinococcosis is rare in the United States,
occurring principally in people from sheep-raising regions.
Peliosis hepatis is associated with the use of anabolic
steroids or with HIV infection and bacillary angiomatosis.

Cavernous hemangiomas, which occur in up to 7% of
the population and are almost always asymptomatic, are the
most common type of hepatic tumor. Hepatic adenomas
occur predominantly in women using birth control pills.
Most remain asymptomatic unless complicated by hemor-
rhage, which can cause a tender right upper quadrant mass
or hemoperitoneum. The majority of patients with malig-
nant hepatic tumors lose weight. More than 90% of cases of
hepatocellular carcinoma occur in patients with underlying
cirrhosis or chronic hepatitis B or C, and in immigrants from
Africa or Southeast Asia. Metastatic disease should be sus-
pected in patients with a history of malignancy.

Evaluation

Patients with diffuse hepatomegaly should be asked about
any history, symptoms, or signs of liver disease. Comorbid

medical illnesses associated with diffuse hepatomegaly
should be considered, including congestive heart failure,
obesity, diabetes mellitus, and myeloproliferative disor-
ders. Alcohol intake should be carefully assessed. Medica-
tion use should be determined.

Patients with focal hepatic lesions should be asked
about fevers or chills and about travel history. A review of
systems may suggest malignancy with possible hepatic
metastases.

Physical examination should include a careful cardiac
examination with a search for evidence of right-sided con-
gestive heart failure. The degree of chest inflation and di-
aphragmatic excursion should be evaluated to exclude a
low-lying liver caused by lung hyperinflation. Diffuse
lymphadenopathy suggests lymphoma; regional lymph
node enlargement suggests malignant disease with nodal
and hepatic metastases. Signs of chronic liver disease
should be carefully sought. Evidence of weight loss may
point to chronic liver disease or metastatic malignancy. Fe-
ces positive for occult blood may indicate underlying gas-
trointestinal malignancy with hepatic metastases.

The liver size, contour, and texture and the presence of
tenderness should be determined. Most diffuse liver disor-
ders result in generalized enlargement. Significant tender-
ness indicates acute inflammation or acute distention (e.g.,
hepatic venous congestion). A tender, pulsatile liver is seen
in tricuspid insufficiency. Cirrhosis leads to a firm, non-
tender liver with an irregular, nodular consistency. De-
pending on their size and location, focal liver lesions may
or may not be palpable. Hepatic rubs or bruits occur in
fewer than 10% of patients with hepatic tumors. The pres-
ence of concomitant spleen enlargement narrows the diag-
nostic considerations. Hepatosplenomegaly is most com-
monly caused by increased portal venous pressures but is
also caused by infections and infiltrative disorders.

The extent of evaluation for hepatomegaly depends on
the likelihood of underlying disease. It is reasonable to ob-
tain a complete blood cell count and values for liver
chemistries, prothrombin time, albumin, ferritin, iron, and
transferrin saturation. When diffuse hepatomegaly is pre-
sent, hemochromatosis is suggested by transferrin satura-
tion above 50% and elevated ferritin levels. The evaluation
of focal liver lesions must first distinguish cystic from solid
tumors by means of ultrasonography or CT. Uncompli-
cated cysts require no further evaluation or treatment. In
patients with hepatic abscesses, clinicians must distinguish
between pyogenic and amebic infection. More than 90% of
patients with amebic abscesses have positive serologic tests
for Entamoeba histolytica. With pyogenic abscesses, diagnos-
tic aspiration for culture under ultrasonographic or CT
guidance is recommended before antibiotics are begun.
Most benign liver tumors do not cause any significant ab-
normalities in liver chemistries. The vast majority of he-
mangiomas are asymptomatic and identified as incidental
findings during the evaluation of abnormal liver
chemistries by ultrasonography or CT. In such circum-
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stances, they are problematic simply because they must be
distinguished from malignant tumors. With metastatic
liver disease or hepatocellular carcinoma, elevated alkaline
phosphatase is common; however, liver chemistries are
normal in half the cases, even in the presence of extensive
liver involvement. A marked elevation in lactate dehydro-
genase suggests hepatic infiltration by lymphoma or
leukemia. Elevated levels of �-fetoprotein are seen in more
than 70% of cases of hepatocellular carcinoma, but low lev-
els do not exclude this cancer.

When hepatomegaly is thought to be secondary to hep-
atic venous congestion or other diffuse liver diseases, ultra-
sonography is an excellent means of evaluating liver size
and excluding focal lesions. It also provides information
about the presence of ascites, intra-abdominal varices, and
splenomegaly. Ultrasonography with Doppler flow assess-
ment is the preferred screening study to evaluate for hepatic
venous thrombosis, and it is also the best study to distin-
guish cystic from solid liver lesions. Ultrasonography and
CT are highly accurate in the diagnosis of hepatic abscess.
Abdominal CT has an important role in the evaluation of
focal benign or malignant liver lesions. In suspected
metastatic disease, chest and abdominal CT may also iden-
tify the primary neoplasm. Based on the clinical history and
CT or ultrasonographic appearance, most common hepatic
focal lesions can be initially and reliably characterized as
benign or malignant.

Percutaneous or transjugular liver biopsy is indicated in
the evaluation of patients with unexplained diffuse hep-
atomegaly when the diagnosis cannot be established by
other laboratory or imaging tests. Biopsies are particularly
helpful in the diagnosis of diseases with diffuse hepatic in-
volvement, such as non-alcoholic steatohepatitis, hemo-
chromatosis, amyloidosis, or Wilson’s disease. It also is
helpful in the evaluation of patients with unexplained fever
(especially the immunocompromised), suspected drug-
induced hepatitis, and granulomatous liver disease. Fine-
needle biopsy guided by ultrasonography or CT is useful in
the evaluation of focal liver lesions.

Management

The extent of further evaluation and management de-
pends on the initial findings and is beyond the scope of
this chapter.

ABDOMINAL MASS

When Presenting at the Time of Admission

Description and Differential Diagnosis

An abdominal mass may be noted by the patient or the ex-
amining physician. Although the differential diagnosis for
such lesions is lengthy, the etiology is determined readily

by history, examination, and imaging with CT or ultra-
sonography. It is important to distinguish masses within
the abdominal wall from those that are intra-abdominal.
Causes of abdominal wall masses include hernias, lymph
nodes, lipomas, hematomas, and abscesses. Intra-abdomi-
nal masses include abscesses, hematomas, aneurysms,
enlarged solid organs, and feces.

The following questions help to discriminate among ab-
dominal masses. How long has the mass been present? A mass
that suddenly appears is suggestive of a hernia, hematoma,
or abscess. Hematomas are most common in patients with
recent trauma or those who are using anticoagulants. A
mass that is increasing in size is worrisome for malignancy,
abscess, or pseudocyst. Conversely, one that is unchanged
over months-to-years is likely to be benign. Is tenderness or
pain present? Pain or tenderness suggests an infectious or in-
flammatory process or distention of a hollow viscus, such
as the gallbladder or urinary bladder. Severe pain in the
epigastrium or back suggests a ruptured aortic aneurysm. Is
there fever? If so, an intra-abdominal abscess should be con-
sidered. Are there other constitutional symptoms? Most pa-
tients with a palpable malignancy or abscess report fatigue,
malaise, and weight loss. Are there other gastrointestinal
symptoms? Dysphagia, early satiety, or postprandial vomit-
ing suggests a gastric malignancy. Jaundice may be a sign of
malignant biliary obstruction caused by pancreatic carci-
noma or cholangiocarcinoma. Chronic diarrhea may be
caused by Crohn’s disease, or it may be pseudo-diarrhea re-
sulting from a nearly obstructing colonic carcinoma. Severe
constipation can cause bulky, pliable abdominal masses.

Evaluation

Abdominal examination should include inspection for
bulges, asymmetry, and surgical scars. Masses should be
characterized by their location, size, consistency, mobility,
pulsation, and the presence of tenderness. Masses within
the abdominal wall are superficial and best palpated with a
light touch. The linea alba, umbilicus, inguinal and
femoral canals, and all surgical scars should be palpated
carefully with the abdomen relaxed first and then tensed to
look for evidence of hernias. Uncomplicated hernias are
minimally tender; significant tenderness is worrisome for
incarceration with strangulation. For abdominal wall
masses, imaging studies typically are not needed. When un-
certainty remains, abdominal ultrasonography or CT
definitively characterizes the location.

Examination of intra-abdominal masses is best per-
formed with deep palpation. In patients with a right upper
quadrant mass, proper examination can distinguish hep-
atomegaly (discussed in the previous section) from a di-
lated gallbladder or renal mass. A soft, palpable, nontender
gallbladder is noted with malignant obstruction of the bil-
iary tract by pancreatic carcinoma or cholangiocarcinoma,
which results in “painless” jaundice. Epigastric masses may
be gastric carcinoma, pancreatic carcinoma, or pancreatic
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pseudocyst. Left upper quadrant masses are caused by
splenomegaly or renal disorders.

In the left lower abdomen, a nontender, doughy mass
suggests a stool-filled colon. A tender mass in either the
right or left lower abdomen is suggestive of an abscess from
appendicitis or diverticulitis, especially if accompanied by
fever. With Crohn’s disease, a right lower quadrant mass
may be an inflammatory reaction or abscess. Colonic ma-
lignancies are seldom palpable or tender upon abdominal
examination unless extracolonic invasion is present. A dis-
tended urinary bladder may be confused with other ab-
dominal masses; when in doubt, a catheter should be
placed to ensure complete urinary drainage. A rectal exam-
ination should be performed to look for evidence of ten-
derness or fluctuance suggestive of abscess. Bimanual
pelvic examination is required in all women to examine the
uterus, adnexa, and pelvis. Large ovarian cysts may be pal-
pable on abdominal examination and can be confused
with an enlarged bladder. On pelvic examination, most
ovarian tumors or cysts and uterine fibroids are nontender.
The presence of adnexal pain and tenderness points toward
a tubo-ovarian abscess or a hemorrhagic cyst. Abscesses felt
on pelvic or rectal examination may also be caused by ap-
pendicitis or diverticulitis.

Most intra-abdominal masses warrant further evalua-
tion. Laboratory studies should include a complete blood
cell count and liver chemistries. A leukocytosis may indicate
intra-abdominal abscess. Iron-deficiency anemia points to-
ward a gastrointestinal malignancy with chronic intestinal
blood loss. Elevated alkaline phosphatase and bilirubin in-
dicate cholestasis, which can be caused by pancreatic or bil-
iary cancer or metastatic liver disease. For a mass suspected
to be stool, an abdominal radiograph confirms the diagno-
sis, and the mass should disappear after bowel cleansing.
In most other patients, imaging with ultrasonography or CT
of the abdomen is needed. Ultrasonography is excellent
to screen for gallbladder and biliary tract distention, hep-
atomegaly or splenomegaly, renal cysts, ovarian or uterine
cysts or masses, pancreatic pseudocysts, and abdominal
aortic aneurysm. In patients in whom an abdominal mass is
unequivocally present on examination, abdominal CT is
the study of first choice, as it can distinguish between
organomegaly, solid tumor, cyst, and abscess.

Management

The management of abdominal masses depends on the eti-
ology and is beyond the scope of this discussion.

When an Abdominal Mass Appears During
the Hospitalization

Description and Differential Diagnosis

The majority of abdominal masses that “appear” during
hospitalization were present on admission but overlooked.

Therefore, the differential diagnosis is the same as in the
patient presenting an abdominal mass. True masses arising
de novo are unusual. Hematoma of the rectus sheath should
be considered in patients receiving anticoagulants or sub-
cutaneous injections. Intra-abdominal abscess should be
suspected in patients with tenderness, fever, or leukocyto-
sis. A large bladder secondary to acute urinary retention
and a fecal mass secondary to constipation are common oc-
currences in the hospitalized patient.

Evaluation and Management

The evaluation and management of the hospitalized pa-
tient with an abdominal mass are the same as for the pa-
tient presenting at the time of diagnosis.

ABNORMAL LIVER CHEMISTRIES

When Presenting at the Time of Admission

Description and Differential Diagnosis

In the evaluation of the patient with possible liver disease,
the history and physical examination are routinely supple-
mented by determination of liver chemistries. Although
liver chemistry abnormalities are nonspecific, different
types of hepatic and biliary disorders are associated with
certain patterns of abnormalities (Table 77.6). By aiding
the initial diagnostic impression, these patterns guide the
course of subsequent evaluation with laboratory tests,
imaging studies, and liver biopsy.
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TABLE 77.6
CAUSES OF LIVER CHEMISTRY ABNORMALITIES

Hepatocellular pattern: aminotransferases �8 times normal;
alkaline phosphatase �3 times normal (Chapter 82) 

Cholestasis pattern: AST �3 times normal;
alkaline phosphatase �2–3 times normal
1. Infiltrative liver disorders

Hepatic malignancy, metastatic or primary
Primary biliary cirrhosis
Infections: TB, MAC, Candida, other fungal infections,

bacillary angiomatosis
Granulomatous hepatitis (drugs, infections, sarcoidosis)

2. Intrahepatic and extrahepatic biliary obstruction (Chapter
84)
Choledocholithiasis
Malignant biliary obstruction: pancreas, ampullary,

cholangiocarcinoma
Benign postoperative stricture
Oriental cholangiohepatitis
Primary sclerosing cholangitis

AST, aspartate aminotransferase; MAC, Mycobacterium avium
complex; TB, tuberculosis.
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Indicators of Hepatocellular Damage
Aspartate aminotransferase (AST) and alanine aminotrans-
ferase (ALT) are enzymes contained within hepatocytes.
Normal serum values of AST and ALT are below 45 IU/L.
Although AST can be released from other tissue, such as
muscle, ALT is specific for liver injury. An elevation in AST
or ALT reflects hepatocellular injury by factors such as
viruses, toxins, ischemia, autoimmune disease, and drugs.
An enzyme pattern in which the aminotransferase levels are
increased to more than eight times normal and the alkaline
phosphatase level to less than three times normal is indica-
tive of significant hepatocellular damage. However, many
serious causes of chronic hepatocellular injury cause only
mild aminotransferase elevation.

The causes of a hepatocellular pattern may be consid-
ered according to the level of rise of AST and ALT. A more
extensive discussion of the causes and management of
acute hepatitis can be found in Chapter 82.

Indicators of Cholestasis
In response to stasis of bile flow, bile duct cells and canali-
culi increase the production of alkaline phosphatase, lead-
ing to a rise in serum levels. Because alkaline phosphatase
also may arise from bone and other organs, �-glutamyl
transpeptidase or 5�-nucleotidase levels are sometimes ob-
tained to confirm the hepatic origin of an increased alka-
line phosphatase. A small rise of serum alkaline phos-
phatase to less than 2–3 times normal is a nonspecific
finding that can occur with almost any acute or chronic
hepatic or biliary disorder. An increase to more than 2–3
times normal reflects significant cholestasis resulting from
extrahepatic biliary tract obstruction, intrahepatic biliary
tract obstruction, or infiltrative disorders (see below). The
level of rise cannot be used to distinguish among these.
Aminotransferase levels also are increased in cholestasis,
but usually to less than three times normal.

Bilirubin
Unconjugated (“indirect”) bilirubin is the normal end
product of the degradation of heme derived from
hemoglobin and liver hemoproteins. Circulating unconju-
gated bilirubin is taken up by hepatocytes through a carrier-
mediated mechanism, conjugated in the endoplasmic retic-
ulum to a glucuronide, and secreted across the canalicular
membrane into bile, the rate-limiting step in metabolism.

The serum bilirubin level reflects the amount of bilirubin
delivered to the liver, the efficiency of hepatocyte bilirubin
clearance, and biliary drainage. In normal persons, the
serum bilirubin level is less than 1.2 g/dL, and 95% is un-
conjugated. An increase in pigment production from
hemolysis or a resorbing hematoma leads to an increase in
serum unconjugated bilirubin. Conditions that affect hepa-
tocyte function, such as hepatitis, may decrease clearance, so
that serum direct bilirubin is significantly increased. Ob-
struction of one hepatic duct or the presence of infiltrative
disorders results in a minimal increase of serum conjugated

(“direct”) bilirubin because of increased excretion by the
unobstructed portion of the liver, whereas obstruction of
the common bile duct or diffuse hepatic infiltration cause a
dramatic rise in bilirubin. With either hepatocellular dys-
function or cholestasis, both direct and indirect bilirubin in-
crease, although the increase in direct bilirubin usually pre-
dominates. The levels of direct versus indirect bilirubin are
of no value in distinguishing hepatocellular dysfunction
from intrahepatic or extrahepatic cholestasis.

Typical Patterns of Alkaline Phosphatase and
Bilirubin in Various Conditions

■ More than twofold to threefold rise in alkaline phosphatase
with minimal increase in bilirubin: This pattern is typical of
partial biliary tract obstruction, infiltrative liver disor-
ders, or partial biliary tract obstruction.

■ Increase of alkaline phosphatase and bilirubin: This is most
commonly caused by extrahepatic obstruction of the
common bile duct by malignancy, postoperative stric-
tures, choledocholithiasis, or sclerosing cholangitis.
With choledocholithiasis, the bilirubin level may fluctu-
ate but usually remains below 5 mg/dL; a level above 10
mg/dL is uncommon. Advanced infiltrative liver disor-
ders also may cause a combined increase in alkaline
phosphatase and bilirubin.

■ Increase in bilirubin with normal alkaline phosphatase: An
isolated increase in indirect bilirubin may be caused by
increased pigment load in cases of hemolysis, recent
transfusion, or resorbing hematoma. Gilbert’s disease is
an autosomal dominant condition affecting 4% of the
population; it is characterized by a mild increase in indi-
rect bilirubin (�5 mg/dL), especially during fasting,
sleep deprivation, or illness. Some drugs, such as HIV
protease inhibitors, can cause isolated rises in either in-
direct or direct bilirubin through inhibition of bilirubin
uptake or metabolism.

Evaluation

The evaluation of the patient with abnormal liver
chemistries begins with a detailed assessment of risk factors
for liver disease, including alcohol, intravenous drug use,
blood transfusions, and prior hepatitis or jaundice. A
record of all medications should be obtained, with special
attention given to any started during the previous six
months. Obesity and adult-onset diabetes mellitus are sig-
nificant risk factors for steatohepatitis. A history of inflam-
matory bowel disease raises suspicion for sclerosing
cholangitis. A benign stricture may develop after biliary
tract surgery. A family history may raise suspicion of
hemochromatosis (diabetes, heart failure), �1-antitrypsin
deficiency (early-onset chronic obstructive pulmonary dis-
ease), or Wilson’s disease (neurologic, psychiatric disease).

Physical examination should note the presence of jaun-
dice and icterus. The acute onset of jaundice with hepatic
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tenderness in a patient without a prior history of liver dis-
ease suggests acute viral hepatitis A or B, alcoholic hepatitis,
toxin exposure, or drugs. The presence of jaundice, right up-
per quadrant pain, and fever suggests acute cholangitis. An
indolent onset of jaundice points toward chronic liver dis-
orders, such as cirrhosis, or extrahepatic duct obstruction by
malignancy. Physical findings of chronic liver disease sug-
gest advanced disease, most commonly caused by alcohol
or chronic viral hepatitis. Such findings include spider an-
giomas, palmar erythema, gynecomastia, muscle wasting,
asterixis, and evidence of portal hypertension (Chapter 83).
Evidence of right-sided congestive heart failure suggests
hepatic congestion.

In patients with acute liver disease, a rise in the pro-
thrombin time is an ominous finding indicating sig-
nificant hepatic failure. Because of the long half-life of
albumin (20 days), serum albumin is not a useful indica-
tor of hepatic function in patients with acute hepatitis. In
patients with chronic liver disease, an increase in the pro-
thrombin time of more than three seconds above normal
or a serum albumin level below 3 g/dL reflects significant
liver dysfunction.

The evaluation of the patient with acute hepatitis is re-
viewed in Chapter 82. In patients with elevated amino-
transferases, viral serologies for hepatitis B and C (and hep-
atitis A, if acute) and iron studies should be ordered.
Alcohol, potentially hepatotoxic drugs, and toxins should
be discontinued. If the etiology remains in doubt, other
serologic tests, including those for antinuclear antibody,
�1-antitrypsin, and ceruloplasmin, should be obtained. In
patients with persistent aminotransferase abnormalities of
uncertain etiology or whose physical examination suggests
chronic liver disease, an imaging study is appropriate to
look for evidence of chronic liver disease and to screen for
primary or metastatic malignancy. �-fetoprotein should be
determined in all patients with cirrhosis or chronic viral
hepatitis to screen for hepatocellular carcinoma. Liver
biopsy is indicated to evaluate the severity of chronic viral
hepatitis, look for evidence of drug- or toxin-induced hep-
atitis, confirm alcoholic liver disease, and diagnose
autoimmune hepatitis, hemochromatosis, or Wilson’s
disease.

The first goal in the evaluation of cholestasis is to
distinguish, by means of abdominal ultrasonography,
infiltrative liver disorders from disorders causing biliary
obstruction (Chapter 84). The presence of dilation of the
intrahepatic or extrahepatic biliary ducts confirms biliary
obstruction. Biliary dilation may not be present in up to
20% of patients with acute biliary obstruction, especially
those with cirrhosis. Therefore, if suspicion of an obstruc-
tive lesion is high (especially in patients with suspected
cholangitis), ERCP should be performed to establish a
definitive diagnosis even if ultrasonography does not
demonstrate biliary dilation. In patients in whom there is
no evidence of biliary obstruction, infiltrative disorders
should be considered. Potential toxic medications should

be discontinued. An anti-mitochondrial antibody determi-
nation should be obtained if primary biliary cirrhosis is
suspected. A liver biopsy usually is required for definitive
diagnosis.

Management

The management of patients with liver chemistry abnor-
malities depends on the underlying etiology. The manage-
ment of acute hepatitis is reviewed in Chapter 82. Either
ERCP or biliary surgery is necessary to relieve extrahepatic
biliary obstruction (Chapter 84).

When Liver Chemistry Abnormalities Appear
During the Hospitalization

Description and Differential Diagnosis

The development of liver chemistry abnormalities in the
hospitalized patient is a common event. Patients with
chronic liver disease are susceptible to worsening of hepatic
function in response to illness or major surgery. However,
most hospitalized patients in whom liver chemistry abnor-
malities develop do not have underlying liver disease. The
differential diagnosis of liver chemistry abnormalities in
the hospitalized setting is limited.

Jaundice
The principal causes of jaundice in the hospitalized setting
are increased pigment load, postoperative jaundice, multi-
ple organ failure, total parenteral nutrition (TPN), acalcu-
lous cholecystitis, and veno-occlusive disease. Jaundice may
follow massive transfusion, resorption of large hematomas
after surgery, or severe trauma. Provided there is no intrin-
sic hepatic dysfunction, the serum indirect bilirubin level is
increased but other liver chemistry values remain normal.
In the patient with chronic liver disease, both direct and in-
direct bilirubin levels may rise because of the inability of
hepatocytes to handle the need for increased bilirubin con-
jugation and secretion. Another cause of isolated hyper-
bilirubinemia is Gilbert’s syndrome, which may develop in
the setting of fasting or physiologic stress.

Jaundice may develop 2–10 days after a prolonged surgi-
cal procedure, especially when it has been complicated by
hypotension or the need for transfusions. Bilirubin levels
may rise from 10–30 mg/dL, with variable increases in al-
kaline phosphatase or aminotransferase levels. The etiology
of postoperative jaundice is multifactorial. Hepatic is-
chemia caused by abdominal surgery, hypotension, or hep-
atic congestion associated with congestive heart failure may
“stun” hepatocyte function. In the presence of this post-
operative dysfunction, an increased pigment load resulting
from transfusions or hematomas can cause profound jaun-
dice. Postoperative infections, sepsis, or TPN can contribute
to hepatocyte dysfunction and impaired bilirubin
metabolism. Although halothane can cause hepatitis, it
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now is seldom used, and problems with other inhalational
anesthetics are rare. The evaluation of jaundice in the liver
transplant patient is discussed in Chapter 85.

Cholestatic jaundice with hyperbilirubinemia and ele-
vated alkaline phosphatase are common in multiple organ
system failure and may precede other signs of organ dys-
function, such as acute respiratory distress syndrome
(ARDS), hypotension, renal failure, and coagulopathy
(Chapter 25). With improved techniques for the adminis-
tration of TPN, acute hepatic toxicity is unusual in adults.
Aminotransferase elevations are common within the first
1–2 weeks of TPN, but these episodes are usually mild and
self-limited and require no specific therapy. A rise in
alkaline phosphatase and bilirubin occasionally seen after
3–4 weeks of TPN may be attributable to excess total calorie
administration or an improper ratio of glucose versus fat
(Chapter 15).

Aminotransferase Elevation
Mild-to-moderate rises in aminotransferases in the hospi-
talized patient usually are caused by medications. The ma-
jority of drug reactions are idiosyncratic toxicities that may
not develop for weeks to months after initiation of a drug.
A causal relationship is often difficult to establish. Hyper-
sensitivity reactions become apparent within 2–10 weeks
and are accompanied by fever, eosinophilia, and rash.
Marked aminotransferase elevations may be caused by
ischemic hepatitis (“shock liver”) and usually normalize
within one week.

Alkaline Phosphatase Elevation
The most common causes of increase are medications or
TPN (discussed on p. 763).

Evaluation

Because chronic liver disease increases the risk for hepatic
problems in the hospitalized setting, the prior medical
history and risk factors for liver disease should be re-
viewed. A review of liver chemistries before hospitaliza-
tion may reveal chronic abnormalities suggesting chronic
hepatitis from drugs, alcohol, or virus. All medications
taken before and during the hospitalization should be re-
viewed. The use of TPN should be noted and anesthesia
records should be reviewed for episodes of hypotension,
intraoperative blood loss, and type of anesthetic used. Re-
view of the hospital record should note episodes of hy-
potension, sepsis, or arrhythmias that may have precipi-
tated hepatic ischemia, and also the number of blood
transfusions.

Physical examination should look for findings of
chronic liver disease. Fever and right upper quadrant
tenderness may indicate acalculous cholecystitis or sludge-
induced cholangitis. In patients with congestive heart
failure, tender hepatomegaly may suggest hepatic conges-
tion. Fever with hepatomegaly may indicate infiltrative

fungal or bacterial infections, veno-occlusive disease, or
graft-versus-host disease.

In the hospitalized patient with jaundice, the paramount
goal is to distinguish “medical jaundice” from obstructive
jaundice or acalculous cholecystitis. The former is treated
with supportive medical care; the latter requires emergent
drainage to preclude cholangitis. Therefore, in patients with
an elevated direct bilirubin or alkaline phosphatase level, or
in patients with nonspecific liver chemistry abnormalities
and fever or leukocytosis, abdominal ultrasonography is vi-
tal to look for evidence of acalculous cholecystitis, biliary
sludge, or choledocholithiasis. In patients with a cholestatic
profile suggestive of infiltrative infection, a liver biopsy may
be necessary.

Management

For patients with jaundice resulting from transfusions,
surgery, or multiple organ failure, therapy is supportive.
The jaundice per se is of no consequence and resolves grad-
ually. When possible, TPN should be discontinued and en-
teral feedings begun at the earliest opportunity. Acalculous
cholecystitis is discussed in Chapter 84. The management
of drug-induced hepatitis associated with hypersensitivity
or idiosyncratic reactions depends on the particular drug
and the severity of the reaction. The drug should be dis-
continued in the presence of a hypersensitivity reaction
(fever, eosinophilia), symptomatic hepatitis (malaise, fa-
tigue, nausea, vomiting, jaundice), or aminotransferase lev-
els persistently above three times normal values.

KEY POINTS

■ Abdominal pain in the hospitalized patient is usually
caused by physiologic stress (e.g., mesenteric ischemia),
postsurgical or procedural complications, or Clostridium
difficile colitis.

■ In patients with acute vomiting, it is important to distin-
guish between “medical” and “surgical” causes.

■ The fecal leukocyte test often helps separate noninflam-
matory from inflammatory causes of diarrhea.

■ The physical examination for hepatomegaly is unreli-
able. Imaging studies may be needed to confirm the find-
ing and to differentiate focal from diffuse hepatomegaly.

■ Abnormal liver chemistries should be categorized as in-
dicative of hepatocellular damage or of cholestasis.
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Acute Gastrointestinal 

Bleeding
Jonathan P. Terdiman Peter K. Lindenauer

INTRODUCTION

Acute gastrointestinal bleeding is a common medical
condition, accounting for some 350,000–500,000
admissions to acute care hospitals in the United States each
year. Overall hospitalization rates and mortality rates for
gastrointestinal bleeding have not changed over the past
decade. Bleeding can occur in the upper or lower gastroin-
testinal tract. Upper gastrointestinal bleeding is defined as
bleeding from the esophagus, stomach, and duodenum.
Lower gastrointestinal bleeding occurs from a site distal to the
duodenum, the most common being the colon. The major-
ity of patients with gastrointestinal bleeding have a self-
limited illness and uncomplicated hospital stay. Many
patients are admitted to or remain in the hospital despite
this very low risk for a poor outcome. However, a sizable mi-
nority of patients have further bleeding and complications.
Rapidly distinguishing between low- and high-risk patients
is essential if care is to be appropriate and cost-effective.

The annual incidence of upper gastrointestinal bleeding
is approximately 150 per 100,000 adults in Western popula-
tions, affecting twice as many men as women. Upper gas-
trointestinal bleeding is very common in the elderly; a
20–30 fold increase in incidence is seen between the third
and ninth decades of life. Likely as a consequence of this,
most patients who present with upper gastrointestinal bleed-
ing are found to have comorbid medical conditions that can
play a key role in determining outcome. Between 5%–25%
of patients with acute upper gastrointestinal bleeding are al-
ready hospitalized for the treatment of another illness.

Lower gastrointestinal bleeding requiring hospitaliza-
tion is becoming more common, although it is still not as

common as upper gastrointestinal bleeding. The annual
incidence has previously been reported at approximately
20 per 100,000 adults, but more recent reports place the
figure at upwards of 100 per 100,000. Lower gastroin-
testinal bleeding is slightly more common in men and is
overwhelmingly a disease of the elderly. The incidence of
lower gastrointestinal bleeding increases more than 200-
fold from the third to the ninth decade of life. In
approximately 5% of cases, lower gastrointestinal bleed-
ing occurs after hospital admission for another diagnosis.

Gastrointestinal bleeding stops spontaneously in
approximately 80% of patients. However, both upper and
lower gastrointestinal bleeding can result in considerable
morbidity and mortality. The majority of patients with gas-
trointestinal bleeding require blood transfusions, and
2%–10% of patients require urgent surgery to arrest
uncontrolled hemorrhage. The average length of stay varies
but in general is approximately 4–7 days. Mortality rates
between 2%–10% have recently been reported for patients
admitted with gastrointestinal bleeding, translating into an
overall mortality rate of approximately 20 per 100,000 in
the general population. The mortality rate of patients
in whom bleeding develops after admission to the hospi-
tal for another reason is over 20%.

Average hospital costs for gastrointestinal bleeding
are more than $5,000, with an estimated annual expendi-
ture of more than $2 billion in the United States. Most of
the costs incurred are for hospital or ICU stays rather than
for physician fees, blood products, medications, or diag-
nostic tests. Thus, a reduction in the rate of hospital admis-
sions and length of stay has the greatest potential to reduce
costs related to gastrointestinal bleeding.
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DIAGNOSTIC AND THERAPEUTIC
MODALITIES

A great deal of information about diagnosis and prognosis
in patients with gastrointestinal bleeding can be obtained
by a rapid and directed medical history, physical examina-
tion (including a rectal examination), nasogastric tube
lavage, and simple laboratory evaluation. The information
obtained from these simple steps can determine, with good
accuracy, whether the source of bleeding is in the upper or
lower gastrointestinal tract; it can also be used to gauge the
severity of the event and to guide triage and the use of di-
agnostic tests and therapies. Key diagnostic tests employed
in the patient with gastrointestinal bleeding are endoscopy,
including esophagogastroduodenoscopy (EGD), sigmoi-
doscopy, and colonoscopy; technetium (Tc) 99m red
blood cell scintigraphy (RBC scan); and mesenteric angiog-
raphy. Other, less commonly employed diagnostic tools in-
clude barium radiographs, computed tomography (CT),
magnetic resonance imaging (MRI), small-bowel en-
doscopy (enteroscopy), capsule endoscopy, and sodium
pertechnetate (Tc) 99m scintigraphy (Meckel’s scan).

A number of therapeutic modalities are also available.
Ongoing bleeding can be terminated by a variety of inva-
sive techniques, the most common of which involves the
endoscopic delivery of hemostatic therapy. In nonvariceal
hemorrhage, endoscopic therapy can be accomplished by
thermal contact methods (heater probe, multipolar elec-
trocoagulation) or by injection of the site of bleeding with
a variety of substances, including dilute epinephrine and
sclerosing agents such as alcohol. Less common forms of
endoscopic therapy include injection of thrombin or fibrin
glue, placement of hemostatic clips, argon plasma coagula-
tion, or laser coagulation of bleeding lesions. Therapy is
delivered to actively bleeding lesions, but prophylactic
therapy is also delivered to nonbleeding lesions at high risk
for rebleeding. In variceal hemorrhage, endoscopic therapy
involves the injection of bleeding varices with sclerosing
agents such as ethanolamine oleate, tetradecyl sulfate, or
sodium morrhuate (sclerotherapy), or the ligation of
varices with rubber bands. New forms of endoscopic ther-
apy of variceal bleeding are being developed and include
the injection of cyanoacrylate glue. Non-endoscopic thera-
pies for nonvariceal gastrointestinal bleeding include di-
rected intraarterial infusion of vasopressin after diagnostic
angiography, embolization of bleeding lesions at angiogra-
phy, surgical resection, or oversew of sites of bleeding.
Refractory variceal hemorrhage can be terminated by the
creation of a transjugular intrahepatic portosystemic shunt
(TIPS). Surgical portosystemic shunting and liver trans-
plant also terminate variceal bleeding, although emergency
surgery for portal hypertension is rarely undertaken. Occa-
sionally, balloon tamponade is used to treat ongoing
variceal hemorrhage. Until recently, medical therapy was
disappointing in its ability to stop ongoing gastrointestinal
bleeding or prevent rebleeding. Several recent reports have

demonstrated the efficacy of proton pump inhibitors, and
possibly octreotide (a synthetic analog of somatostatin), in
the control of nonvariceal bleeding, and the use of so-
matostatin or octreotide is well established in the treatment
of variceal bleeding.

UPPER GASTROINTESTINAL BLEEDING

Issues at the Time of Admission

Upper gastrointestinal bleeding can present in a variety of
ways. Hematemesis, the vomiting of either red blood or ma-
terial resembling “coffee grounds,” is observed in approxi-
mately one-fourth of patients. Another fourth present with
melena alone, and a combination of the two is seen in the
remaining half. Hematochezia, the passage of red stool, gen-
erally signifies a source of bleeding distal to the duodenum
but is observed in as many as 15% of cases with upper gas-
trointestinal pathology, typically in the setting of massive
hemorrhage. Most patients seek medical attention after wit-
nessing blood in their vomitus or stool, but in some cases
bleeding may be discovered only as part of an evaluation of
syncope, chest pain, or fatigue.

Before the diagnosis of upper gastrointestinal bleeding
can be made, it is important to exclude other causes of he-
matemesis or melena. These include bleeding from lesions
of the oronasopharynx or respiratory tract. A directed his-
tory should focus on features that have been shown to pre-
dict etiology or influence outcome. Because peptic ulcer
disease is the most common cause of upper gastrointestinal
bleeding, a prior history of ulcers or dyspepsia should be
sought. Other important historical features include portal
hypertension, which predisposes patients to esophageal
varices; and a history of coughing or retching, which is re-
ported in as many as 50% of patients later found to have
Mallory-Weiss tears. Medications and drugs that predispose
to bleeding, such as nonsteroidal antiinflammatory agents
(NSAIDs), anticoagulants, and alcohol, warrant review.

Other important historical items to review include the
character of the bleeding and the presence of active comor-
bidities. “Red blood” hematemesis is a sign of active bleeding,
and studies of prognosis have shown that the risk for re-
bleeding and death is higher among patients with this pre-
sentation than among those who present with “coffee
grounds.” Cirrhosis is the most important comorbidity to
identify because it influences the differential diagnosis and
identifies patients more likely to have a poor outcome.
Other comorbidities shown to affect outcome adversely in-
clude renal failure, disseminated malignancy, cardiac is-
chemia, congestive heart failure, and sepsis.

Measurement of the vital signs is the most powerful way
to evaluate severity of bleeding and lay a framework for
appropriate risk stratification. Patients with shock and tachy-
cardia benefit from aggressive resuscitation and early en-
doscopy. The remainder of the physical examination is of
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relatively limited diagnostic value but can identify the pres-
ence and severity of comorbid conditions. The patient’s
overall appearance should be observed for signs of hypo-
perfusion or stigmata of chronic liver disease. An altered
level of consciousness in the setting of upper gastrointestinal
bleeding is associated with a high risk for aspiration, and the
airway should be protected before endoscopy is performed.
However, routine endotracheal intubation for airway pro-
tection during endoscopy for severe upper gastrointestinal
bleeding does not lower mortality or cardiopulmonary com-
plication rates (including aspiration pneumonia). A brief
examination of the oronasopharynx can sometimes disclose
a previously unsuspected source of bleeding, and examina-
tion of the heart and lungs will identify signs of congestive
heart failure, pneumonia, or obstructive lung disease. The
abdominal examination should note any focal tenderness,
peritoneal irritation, or signs of advanced liver disease, such
as ascites, splenomegaly, or caput medusae. The patient’s
stool should be classified as brown, black, or red. Brown
stool can be observed early in the course of upper gastroin-
testinal bleeding, but as little as 50–100 mL of fresh blood
will rapidly render it melenic. Hematochezia, although
typically a marker of lower gastrointestinal bleeding, can be
observed when intestinal transit times are increased, as in the
setting of brisk bleeding.

In patients who present with gross rectal bleeding or me-
lena, but no hematemesis, a nasogastric tube should be
placed. The finding of a bloody nasogastric aspirate con-
firms an upper gastrointestinal source of bleeding and can
help identify high-risk patients who might benefit from
early endoscopy. A nonbloody aspirate does not rule out an
upper gastrointestinal source; as many as 15% of patients
have this finding. Nevertheless, the presence of a clear as-
pirate in a patient with melena is a marker of lower risk.

Resuscitation with isotonic fluids (0.9% saline solution
or lactated Ringer’s solution), infused at a rate proportional
to the degree of hemodynamic instability, should begin as
soon as the patient arrives in the emergency department.
Patients with any high-risk clinical features, even those
who do not require immediate volume replacement or
transfusion, should have two peripheral intravenous
catheters (�18 gauge) placed in anticipation of rebleeding.
Patients who present in shock should receive fluids as
rapidly as possible until their hemodynamic status has im-
proved or until complications of volume overload develop.
Because cardiac ischemia is a common complication of
hemorrhage, the hematocrit should generally be main-
tained above 25%. Patients with a history of coronary
artery disease typically are transfused to maintain the
hematocrit above 30%.

Initial laboratory evaluation includes a complete blood
cell count, measurement of blood urea nitrogen and creati-
nine, serum liver chemistries and coagulation studies, and
a complete set of serum electrolytes. An additional sample
of blood should be sent for typing and cross-matching. Be-
cause the initial hematocrit can underestimate the magni-

tude of blood loss, management decisions should not be
unduly influenced by its value. In the face of active bleed-
ing, the clinician should anticipate rather than observe the
nadir hematocrit and transfuse accordingly. In the setting
of acute gastrointestinal bleeding, an elevated prothrombin
time usually indicates advanced liver disease and should
immediately raise the possibility of variceal hemorrhage.
The utility of the routine chest radiograph is limited but
may help identify patients with congestive heart failure or
those with free air under the diaphragm. Abdominal films
should be limited to patients with pain or distention. Be-
cause of the high incidence of ischemic complications, all
patients 40 years of age or older and those with a history of
coronary heart disease or congestive heart failure should
undergo electrocardiography.

Indications for Hospitalization and Intensive Care

Historically, all patients with acute upper gastrointestinal
bleeding have been admitted to the hospital for observa-
tion. Triage decisions have traditionally been based on clin-
ical factors such as age, degree of hemodynamic instability,
and character of the bleeding. Diagnostic/therapeutic
endoscopy is carried out in the large majority of patients,
usually on the day of or day after admission. Recently, this
approach has been challenged by several studies in which
clinical and endoscopic risk stratification was completed
before admission (1, 2). By using such a strategy, it is pos-
sible to distinguish between patients who are likely to re-
bleed and require hospitalization, and those in whom the
risk for rebleeding is negligible and who may be eligible
for immediate or early discharge. Important clinical risk
factors include advanced age, hemodynamic instability
(shock or tachycardia), active red blood hematemesis, and
major comorbidities such as congestive heart failure, cir-
rhosis, and end-stage renal disease. Endoscopic markers of
high risk include actively bleeding ulcers, ulcers with visi-
ble arterial vessels, ulcers with adherent clots, and
esophageal varices. Low-risk lesions include ulcers with a
clean base, mucosal erosive disorders such as gastritis or
duodenitis, and Mallory-Weiss tears (Table 78.1).

In one prospective study, a combination of similar clin-
ical and endoscopic criteria was used to identify patients at
low risk for further bleeding who could be safely managed
in the outpatient setting. Approximately one-fourth of
patients met the criteria and were discharged from the
emergency department, and clinically significant rebleed-
ing developed in less than 3% of patients managed in this
way (1). An analysis of data from a nationwide audit of
upper gastrointestinal bleeding in the United Kingdom es-
timated that the same strategy might have eliminated the
need for admission in as many as 29% of patients (3), and
subsequent studies from the United States have confirmed
this finding (4). Thus, an initial strategy of immediate en-
doscopy for all clinically stable patients is warranted
whenever this is available.
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Advanced age, persistent tachycardia, severe anemia, and
significant comorbidities all warrant admission to an acute
care bed. Where immediate endoscopy is not available to
complete risk stratification, admission for all patients with
acute gastrointestinal bleeding is recommended. Patients
with shock or unstable major comorbidities, especially ad-
vanced liver disease, renal failure, congestive heart failure,
or cardiac ischemia, and those who require intubation for
airway protection should be initially managed in the ICU.
Therapeutic endoscopy should be performed when the pa-
tient has been fully resuscitated and when life-threatening
conditions have been stabilized.

Initial Therapy

Endoscopy is the diagnostic “gold standard” and has been
shown to be an effective method of achieving hemostasis
and reducing mortality for patients with nonvariceal upper
gastrointestinal bleeding (5) (Table 78.2). Endoscopic
therapeutic techniques are able to achieve initial hemosta-
sis in 80% of actively bleeding, nonvariceal lesions. Injec-
tion and thermal therapies have similar rates of success; a
combination of the two modalities may be superior than
either alone for patients with spurting hemorrhage.

Newer endoscopic therapies, such as hemostatic clip-
ping, have not yet been convincingly demonstrated to be
superior to the standard techniques. With endoscopic scle-
rotherapy or band ligation, it is also possible to achieve
hemostasis in as many as 75%–80% of patients with
variceal bleeding. In addition to performing therapeutic
functions, endoscopy provides prognostic information that
can be used to estimate a patient’s likelihood of rebleeding
and mortality (Table 78.3) and assign an appropriate level
of care. Population-based studies suggest that the clinical

outcomes of high-risk patients who undergo endoscopy
within 24 hours of admission are superior to those of pa-
tients in whom endoscopy is delayed, in great part because
of the delivery of endoscopic therapy (6). 

In addition, routine performance of a “second look” en-
doscopy in high-risk patients, may improve outcomes by de-
tecting and treating persistent non-bleeding visible vessels.
For patients at lower risk, early endoscopy can reduce the to-
tal duration of hospitalization by over 30% (Figure 78.1).
This reduction is attributable to the delineation of low-risk
features that allow for safe early discharge of patients (7). 

Because endoscopy plays a central role in the diagnosis,
treatment, and risk stratification of patients with upper gas-
trointestinal bleeding, early consultation with a skilled en-
doscopist is recommended for all patients. Consultation
should be obtained after the initial resuscitation and eval-
uation have been completed. In many cases, patients will
be found to be suitable candidates for immediate or early
endoscopy.

Effective pharmacologic therapy for acute upper gas-
trointestinal bleeding has been challenging to identify. In
recent years, the somatostatin analog octreotide has proved
successful in controlling variceal bleeding, and may be as
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TABLE 78.1
PREDICTORS OF OUTCOME IN UPPER
GASTROINTESTINAL BLEEDING

Clinical predictors Endoscopic predictors
of outcome of outcome

• Age �60 y • Low-risk endoscopic findings
• Hemodynamic instability Esophagitis

Tachycardia Gastritis
Shock (SBP �100 mm Hg) Duodenitis

• Comorbidities Mallory-Weiss tears
Cirrhosis Clean-based ulcers
Renal failure • High-risk endoscopic findings
Metastatic cancer Active bleeding of any lesion
Congestive heart failure Peptic ulcers with visible
Cardiac ischemia vessel or clot
Sepsis Esophageal/gastric varices
Encephalopathy

• Hematemesis
• Coagulopathy

SBP, systolic blood pressure.

TABLE 78.2
THERAPEUTIC ENDOSCOPY AND OUTCOME IN
UPPER GASTROINTESTINAL BLEEDING

Rebleeding Surgery Death
Therapy odds ratio odds ratio odds ratio

Thermal 0.32 0.31 0.67
Laser 0.58 0.58 0.49
Injection 0.23 0.18 0.50
All 0.38 0.36 0.55

Odds ratios refer to the risk for rebleeding, requiring surgery, or dying,
when the reference group (i.e., odds ratio of 1 for these negative
outcomes) is drawn from similar patients who did not receive
therapeutic endoscopy.
Adapted from Cook DJ, Guyatt GH, Salena BJ, et al. Endoscopic
therapy for acute nonvariceal upper gastrointestinal hemorrhage: a
meta-analysis. Gastroenterology 1992;102:139–148, with permission.

TABLE 78.3
ULCER APPEARANCE AND PROGNOSIS IN
PEPTIC ULCER DISEASE

Prevalence Rebleed Mortality
Appearance (%) (%) (%)

Clean base 42 5 2
Flat spot 20 10 3
Clot 17 22 7
Visible vessel 17 43 11
Active bleeding 18 55 11

Adapted from Laine L, Peterson WL. Bleeding peptic ulcer. N Engl J
Med 1994;331:717–727, with permission.
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good as or better than emergency endoscopic therapy for
the initial control of bleeding. Its early and empiric use
should be considered in patients with known cirrhosis or
evidence of advanced liver disease. The combination of en-
doscopic therapy and octreotide has been demonstrated to
reduce rebleeding rates better than either modality alone
(8). The standard dose of octreotide is a 50-mg intravenous
bolus followed by a continuous infusion at 50 mg/h. All
patients found to have a variceal source of bleeding at en-
doscopy should remain on octreotide for 48–72 hours. The
benefits of octreotide may extend beyond patients with
varices to all those with nonvariceal upper gastrointestinal
bleeding. In a meta-analysis, it appeared that the use of oc-
treotide reduced rates of rebleeding by 27%–47% (9).
These findings have not yet translated into widespread
changes in clinical practice.

Despite numerous randomized controlled trials attest-
ing to their ineffectiveness in the management of acute
bleeding, H2 receptor antagonists continue to be com-
monly used in this setting. The use of these agents is not war-
ranted. However, proton pump inhibitors (PPIs) have be-
come standard therapy for patients with high-risk upper
gastrointestinal bleeding. Recent studies have demon-
strated that the use of intravenous, or high dose oral, PPIs
is effective at reducing rates of rebleeding, decreasing the
need for blood transfusions, and decreasing length of hos-
pital stay. Moreover, PPIs are cost-effective when used in
patients that have received endoscopic therapy for nonva-
riceal bleeding (10, 11).

Both freshly frozen plasma and platelet concentrates are
commonly used in the management of selected patients
with upper gastrointestinal bleeding, but their efficacy is
unproven. In general, patients with active bleeding and a
significant coagulopathy should receive vitamin K and

freshly frozen plasma to reduce the prothrombin time to
less than 1.5 times the midpoint of the institutional con-
trol. Patients with coagulopathy in the setting of advanced
liver disease should receive vitamin K parenterally. Platelet
transfusions should be reserved for actively bleeding pa-
tients who have platelet counts of less than 50,000/�L or
have taken irreversible platelet inhibitors within three days
of the bleeding episode. For details of managing coagu-
lopathy, see Chapter 98.

Issues During the Course of Hospitalization

Determining the Need for Continued
Hospitalization

Bleeding ceases spontaneously in 70%–80% of patients,
but rebleeding remains a serious problem for a significant
minority. Determining the need for continued hospitaliza-
tion after the resolution of the initial episode of bleeding
should be based on the patient’s expected probability of
rebleeding or death and on the management of any active
comorbid conditions. A simplified scoring system based on
clinical and endoscopic variables that can be used to pre-
dict rebleeding and mortality has been developed (Table
78.4 and Figure 78.2).
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Figure 78.1 Unadjusted length of stay in patients who under-
went endoscopy within 1 day of admission and those who did not,
stratified by quintile of propensity of undergoing early endoscopy.
Within each quintile of patients, length of stay was lower in patients
who underwent endsocopy (p �0.0001). (Adapted from Cooper
GS, Chak A, Connors AF, et al. The effectiveness of early en-
doscopy for upper gastrointestinal hemorrhage, a commmunity
analysis. Medical Care 1998;36:462–474, with permission.)

TABLE 78.4
SCORING SYSTEM FOR PREDICTING
REBLEEDING AND MORTALITY

Variable Score

Age (y)
�60 0
60–79 1
�80 2

Shock
None 0
Tachycardia 1
Hypotension (SBP �100 mm Hg) 2

Comorbidity
None 0
CAD, CHF, other major comorbidity 2
Renal failure, liver failure, malignancy 3

Diagnosis
Mallory-Weiss tear or no lesion observed 0
All other diagnoses 1
Malignant lesions 2

Stigmas of recent hemorrhage
None or spot in ulcer base 0
Blood in the GI tract, clot, visible or 2

spurting vessel in ulcer base

CAD, coronary artery disease; CHF, congestive heart failure; GI,
gastrointestinal; SBP, systolic blood pressure.
Adapted from Rockall TA, Logan RF, Devlin HB, et al. Risk assess-
ment after acute upper gastrointestinal haemorrhage. Gut 1996;38:
316–321, with permission.
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decline in the hematocrit should prompt repeat nasogastric
aspiration and generally a repeat endoscopy. The effective-
ness of repeat endoscopy in patients with rebleeding peptic
ulcers has been demonstrated, with repeat endoscopy lead-
ing to durable hemostasis in 75% of patients, reduced need
for surgery, and reduced complication rates compared with
an operation at the first episode of rebleeding. Nevertheless,
surgical intervention is required in 2%–10% of patients
with gastrointestinal bleeding. Surgical consultation is
mandatory whenever rebleeding has been detected because
of the high risk for serious complications.

Discharge Issues

Most patients with acute gastrointestinal bleeding will be
suitable for discharge within 1–4 days following admis-
sion. Rebleeding and cardiopulmonary complications of
bleeding, such as myocardial infarction or aspiration pneu-
monia, can significantly prolong the hospital course. Once
bleeding has resolved, hemodynamic status has returned to
normal, and the risk for rebleeding has fallen to an accept-
able level, patients can be safely discharged provided that
other comorbidities are stable. Melena in the absence of
other signs of rebleeding is not an indication for continued
hospitalization.
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Figure 78.2 Rebleeding and mortality rates, in percentages, by risk score. (Adapted from Rock-
hall TA, Logan RF, Devlin HB, et al. Selection of patients for early discharge or outpatient care after
acute upper gastrointestinal haemorrhage. National Audit of Acute Upper Gastrointestinal Haemor-
rhage. Lancet 1996;347:1138–1140, with permission.)

A growing body of literature has shown that treatment
guidelines or clinical care pathways that incorporate the
early discharge of stable patients with a low risk for re-
bleeding significantly reduce length of stay, save money,
and do not lead to increased adverse outcomes (12, 13). An
example of a guideline that combines local expertise and an
evidence-based approach is shown in Table 78.5.

Refeeding

Patients should receive nothing by mouth until an en-
doscopy has been performed. Those found to have low-risk
lesions can resume a normal diet immediately, whereas pa-
tients with moderate- or high-risk lesions should continue
to have nothing by mouth for 24–48 hours.

Identification and Management of Rebleeding

A high degree of vigilance is required to detect rebleeding,
because there may be a long delay between its onset and
the appearance of overt blood. New hematemesis always
indicates rebleeding and should prompt immediate action.
In contrast, melena may persist for several days following an
initial episode of bleeding. Marked changes in blood pres-
sure, the development of tachycardia, or an unanticipated
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TABLE 78.5
CLINICAL AND ENDOSCOPIC RISK STRATIFICATION AND TRIAGE FOLLOWING ENDOSCOPY

RISK ASSESSMENT: CLINICAL AND ENDOSCOPIC

Low Moderate High

CLINICAL FINDINGS
Age �60 y Age �60 y —
Initial SBP �100 mm Hg; vital signs now SBP �100 mm Hg on admission and/or Current SPB �100 mm Hg and/or severe

normal mild ongoing tachycardia ongoing tachycardia
Transfusion requirement �2 U Transfusion requirement �2 U Transfusion requirement �5 U
No active major comorbid diseasea Stable major comorbid diseasea Unstable major comorbid diseasea

No liver disease Liver disease—no coagulopathy or Decompensated liver disease
encephalopathy

No moderate- or high-risk clinical features No high-risk clinical features —

ENDOSCOPIC FINDINGS
Clean ulcer �2 cm Clean ulcer �2 cm Bleeding ulcer

Ulcer with spot or clot Visible vessel
Nonbleeding Mallory-Weiss tear Bleeding Mallory-Weiss tear successfully Variceal bleeding
Esophagitis treated Any lesion with bleeding that was
Gastritis duodenitis Bleeding AVM successfully treated not controlled at endoscopy

No lesion identified and no fresh blood Portal gastropathy without esophageal
seen varices

Neoplasm

TRIAGE GUIDELINES CLINICAL

Low Moderate High

Low Immediate discharge 23 h observationb ICU observation
(48–72 h hospitalization)

Moderate 48 h observationc 48–72 h observationc ICU observation
(48–72 h hospitalization)

High ICU observation ICU observation ICU observation
(72 h hospitalization) (72 h hospitalization) (72 h hospitalization)

AVM, arteriovenous malformation.
aMajor comorbid diseases include ischemic heart disease, CHF, acute renal failure, sepsis, disseminated
malignancy, altered mental status, pneumonia, COPD/asthma.
b Patients may be discharged following 23 hours of observation if there is no evidence of rebleeding, vital signs
are normal, there is no further need for transfusion, and the hematocrit has remained stable at the target range.
c In general, the same criteria for discharge as noted above hold true. Given the moderate risk for rebleeding,
current standard of practice is to observe these patients for a period longer than 24 hours.

Most patients are able to return home following
acute gastrointestinal hemorrhage and can resume normal
activities as tolerated. Patients discharged with anemia
should be advised that they may experience fatigue and
dyspnea on exertion for several weeks following discharge
and may benefit from iron replacement. Patients should be
instructed to contact their primary care physician or return
to an emergency department if hematemesis recurs or if
they notice hematochezia or melena. Routine follow-up
with the primary care physician should be scheduled
within 1–2 weeks, depending on the patient’s overall func-
tional status.

Measures to prevent recurrent variceal bleeding and
treat peptic ulcers and erosive mucosal disorders should
be addressed at the time of discharge. Both nonselective
�-blockers and a combination of �-blockers with long-
acting nitrates have proved effective for the secondary

prevention of variceal bleeding. Patients with documented
peptic ulcers should undergo biopsy or serologic testing
for Helicobacter pylori infection and should be treated ac-
cording to current regimens, since this has been demon-
strated to reduce rates of future bleeding (Chapter 80). Pa-
tients should be counseled to avoid NSAIDs and
aspirin-containing compounds and to abstain from alco-
hol. Proton pump inhibitors or misoprostol should be
given to patients who must resume NSAIDs or aspirin
to prevent ulcer recurrence, although neither therapy is
entirely effective. Alternatively, NSAIDs that selectively
inhibit cyclooxygenase-2 (COX-2) (e.g., celecoxib, rofe-
coxib) appear to cause fewer gastrointestinal problems
than do traditional NSAIDs, but their use can still lead to
gastrointestinal hemorrhage. Recent concerns about car-
diac toxicity should also be factored into decision-making
regarding COX-2 inhibitors (14).
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LOWER GASTROINTESTINAL BLEEDING

Issues at the Time of Admission

Hematochezia is characteristic of lower gastrointestinal
bleeding. Unfortunately, the presence or absence of hema-
tochezia cannot be used to distinguish upper from lower
gastrointestinal bleeding with certainty (see p. 768). Al-
though melena usually implies a source of bleeding in the
upper tract, it can occur when the source of bleeding is in
the small bowel and occasionally when the source is in the
right side of the colon.

The majority of episodes of lower gastrointestinal bleed-
ing are painless, though mild lower abdominal cramps
may accompany the passage of bloody stool. Painless
bleeding is the norm with diverticula, vascular ectasias,
neoplasms, and hemorrhoids. Marked abdominal pain and
tenderness can occur when bleeding occurs in the setting of
ischemia, as in ischemic colitis, or in association with
bowel inflammation, as in an infectious colitis or inflam-
matory bowel disease.

Because the distinction between upper and lower gas-
trointestinal bleeding is not always possible at initial pre-
sentation, the initial approach to management is the same
for all patients. Rapid evaluation of hemodynamic status is
mandatory, and prompt volume replacement is essential.
Patients with abnormal vital signs or with evidence of
ongoing blood loss based on the continuing passage of
blood per rectum require placement of a minimum of two
large-bore peripheral intravenous catheters. As with upper
bleeding, volume replacement with isotonic crystalloid
solutions should commence immediately, and blood prod-
ucts should be infused as soon as they become available
to correct any significant laboratory abnormalities. Rec-
ommendations with respect to the appropriate use of
blood products are the same as for upper gastrointestinal
bleeding.

During the initial resuscitation of the patient, a directed
medical history should be taken and physical examination
performed. The initial vital signs and the response of the
vital signs to the initial resuscitative efforts are the most
important determinants of the severity of the bleed. The
patient should be asked about hematemesis, the location
of any abdominal pain, and any previous history of gas-
trointestinal disease or hemorrhage, as this information
may suggest the diagnosis and lead to a consideration of
bleeding in the upper tract. It is important to inquire about
past abdominal operations, especially previous repair of an
abdominal aneurysm, as aortoenteric fistula is a rare but
often fatal cause of lower gastrointestinal bleeding. As in
patients with bleeding from the upper tract, the remainder
of the history should be directed toward identifying active
comorbid conditions that can complicate the hospital
course. A complete list of medications should be obtained.
During the physical examination, the clinician should look
for evidence of decompensated cardiopulmonary and liver

disease, and the abdomen should be observed to determine
if any significant focal tenderness or other abnormalities
are present. Initial laboratory evaluation should be the
same as for the patient with upper gastrointestinal bleed-
ing, and a specimen should be sent to the blood bank for
typing and cross-match. Bleeding caused by an inflamma-
tory process is often associated with an elevated leukocyte
count. Abdominal radiographs are not needed unless
significant abdominal tenderness is present on physical
examination.

A nasogastric tube aspirate should be obtained in all pa-
tients with clinically important bleeding in an attempt to
distinguish upper from lower tract bleeding, even if the
only overt manifestation of bleeding is hematochezia. A
positive nasogastric aspirate for blood should trigger an en-
doscopic evaluation of the upper gastrointestinal tract. A
negative nasogastric aspirate does not rule out an upper
gastrointestinal bleed, although the presence of bile (with-
out blood) makes an upper source very unlikely. Many ex-
perts support the rapid performance of upper gastrointesti-
nal endoscopy in patients presenting with shock regardless
of the results of nasogastric tube aspiration, especially in
circumstances in which an operation is planned to treat
lower tract bleeding when the site of bleeding has not been
definitively identified.

In a patient presenting with hematochezia, careful in-
spection of the anorectum by digital examination and
anoscopy is important. The examination may demonstrate
a bleeding lesion, such as hemorrhoids or an anal fissure,
which often can be treated at the bedside. Even if an
anorectal source of bleeding is identified, most experts still
recommend a complete evaluation of the lower gastroin-
testinal tract, although this may be performed electively.

Use of a flexible sigmoidoscope as part of the initial
evaluation of patients presenting with clinically important
hematochezia is widely recommended but is practiced rou-
tinely at few hospitals. It is unclear if the routine perfor-
mance of urgent sigmoidoscopy at presentation would
reduce admission rates and otherwise alter outcomes.

The list of possible sources of lower gastrointestinal
bleeding is long, but colonic diverticulosis is the most
common source and accounts for 20%–50% of cases.
Other common sources of bleeding are colonic vascular
ectasias, colonic neoplasms, colonic ulcers, colitis, and
hemorrhoids. Small-bowel sources of bleeding are rare,
accounting for fewer than 10% of cases of lower gastroin-
testinal bleeding.

Indications for Hospitalization and 
Intensive Care

Clinical risk stratification for patients with lower gastroin-
testinal bleeding is not as well defined as it is for those with
upper gastrointestinal bleeding. A recent study identified
seven clinical features that were predictive of severe lower
gastrointestinal bleeding; tachycardia, low systolic blood
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pressure, syncope, nontender abdominal examination,
bleeding per rectum during the first four hours of evalua-
tion, aspirin use, and more than two active comorbid con-
ditions (15). In up to 80% of cases of bleeding from the
lower tract, the bleeding stops spontaneously and does not
recur. Outpatient evaluation of patients with self-limited
hematochezia is possible if there is no evidence of hypov-
olemia. Anemia alone does not necessitate hospitalization
if it seems likely that the blood loss has been chronic and
the present transfusion requirement is not great. All pa-
tients with abnormal vital signs or who continue to pass
blood per rectum require hospitalization. Hospitalization
also is appropriate for patients with significant abdominal
pain, tenderness, or fever, and for patients with active co-
morbid medical conditions. All patients with a history of
previous aortic surgery should be hospitalized, even if it ap-
pears that the bleeding has stopped, as an aortoenteric fis-
tula may present with a self-limited “herald” bleed before
an exsanguinating hemorrhage. The indications for hospi-
talization in patients with hematochezia are summarized
in Table 78.6.

A subset of patients with lower gastrointestinal bleeding
requires ICU admission. Patients in shock and or with mas-
sive hematochezia should be admitted to the ICU initially.
The severity of other comorbid conditions should be taken
into account during triage decisions.

Diagnosis

In light of the possible difficulties of distinguishing upper
from lower gastrointestinal bleeding on clinical grounds,
upper gastrointestinal endoscopy should be performed if
any doubt remains, especially in the setting of a clinically
severe bleed. Unfortunately, there is presently no standard-
ized diagnostic and therapeutic approach to the patient
with clinically important lower gastrointestinal bleeding.
The specific diagnostic sequence is determined in part by
the clinical status of the patient and the rate and pattern of
bleeding, but also by local experience and expertise of the
treating physicians. Massive bleeding often starts and stops

spontaneously, thereby frustrating diagnostic efforts. In
up to 20% of patients with clinically important lower
gastrointestinal bleeding, a definitive diagnosis is never
established.

Colonoscopy, technetium (Tc) 99m red blood cell
scintigraphy, and selective mesenteric angiography are the
most commonly employed diagnostic tests in the evalua-
tion of lower gastrointestinal bleeding. Colonoscopy is the
procedure of choice whenever bleeding has stopped. At
colonoscopy, diverticula, vascular ectasias, neoplasms, ul-
cers, and areas of inflammation can be seen with good
sensitivity. Because many of these lesions are common in
the population at large, establishing the causal bleeding
site in the absence of active bleeding may be difficult. The
diagnostic evaluation of patients with ongoing or recur-
rent lower gastrointestinal bleeding remains controver-
sial. Some experts support the performance of an RBC
scan as the first test, whereas others recommend mesen-
teric angiography. Still other experts favor emergency
colonoscopy after a rapid colonic purge as the initial test
of choice. RBC scintigraphy can localize a site of gastroin-
testinal bleeding when rates of bleeding are as low as
approximately 1 unit every 2–4 hours. Ideally, scintigra-
phy can detect and localize the site of bleeding with
sensitivity five times greater than that of angiography.
Scintigraphy cannot establish a specific diagnosis and has
no therapeutic potential, but it can direct further diagnos-
tic and therapeutic interventions, such as angiography or
surgery, should they become necessary. In clinical prac-
tice, a great deal of controversy exists regarding the value
of the RBC scan. Selective visceral angiography can localize
the site of bleeding when the rate of bleeding is approxi-
mately 1 unit hourly. Even when angiography does not
show extravasation of contrast into the bowel lumen, it
may be diagnostic of abnormalities suggestive of a site of
bleeding, such as a vascular ectasia.

Mesenteric angiography also has therapeutic potential
(e.g., embolization of bleeding vessels and intraarte-
rial infusion of vasoconstrictors such as vasopressin). Un-
fortunately, angiography has an associated morbidity of
approximately 10%, including arterial thrombosis and dye-
induced acute renal failure. Although angiography can be
both diagnostic and therapeutic in patients with lower gas-
trointestinal bleeding, its precise role and value have not
been established clearly. Some investigators argue that
colonoscopy should be the test of choice for lower gas-
trointestinal bleeding, even when the bleeding is ongoing.
In their hands, colonoscopy is technically possible in this
setting after a rapid purge, and the diagnostic yield of this
approach is far greater than that of angiography (�80% vs.
�20%). In addition, colonoscopy does permit the delivery
of endoscopic therapy to selected lesions, including ac-
tively bleeding diverticula, or those with a visible vessel
(16). However, precise identification of the bleeding diver-
ticulum remains uncommon, even with early colonoscopy.
In one study, colonoscopy reduced rates of angiography
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TABLE 78.6
INDICATIONS FOR HOSPITALIZATION IN
PATIENTS WITH HEMATOCHEZIA

Abnormal vital signs
Continued passage of blood per rectum
Severe anemia (i.e., Hb �8 g/dL)
Fever, leukocytosis
Abdominal pain, tenderness
Unstable comorbid conditions
Suspicion of upper tract bleeding
Previous aortic surgery

Hb, hemoglobin.
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from 50% to less than 5%, and the need for emergency
surgery from 20% to less than 5%. Length of stay in the ICU
was reduced by a mean of two days and the total hospital
stay by at least three days, which resulted in a large reduc-
tion in the cost of services (17). Early colonoscopy (within
24 hours) also has been associated with a shorter length of
hospitalization, primarily attributable to earlier delin-
eation of low-risk stigmata rather than to the delivery of en-
doscopic therapy to high-risk lesions (18).

Other diagnostic tests are occasionally used in patients
with lower gastrointestinal bleeding. Those with significant
abdominal pain or tenderness may benefit from abdominal
and pelvic CT. In patients with a previous history of aortic
aneurysm or aortic surgery, the combination of CT and en-
doscopy beyond the duodenum is the best method of
diagnosing an aortoenteric fistula. Aortogram is not as use-
ful a test for this diagnosis. If a site of bleeding is suspected
in the small bowel based on scintigraphy or angiography,
an endoscopic examination of the small bowel with an

enteroscope is appropriate. The newest generation of scopes
can examine the small intestine to approximately 100 cm
beyond the ligament of Treitz. Lesions such as vascular ec-
tasias and ulcers can be detected and, if need be, treated. Re-
cently video capsule endoscopy has been introduced as a
new method of detecting bleeding lesions in the small in-
testine beyond the reach of the enteroscope (19). If bleed-
ing has stopped, a small-bowel contrast study, such as an en-
teroclysis, can be used to look for small-bowel pathology,
such as ulcers, diverticula, Crohn’s disease, or neoplasms. In
young patients with lower gastrointestinal bleeding of ob-
scure origin, a Meckel’s scan should be performed.

A recommended diagnostic algorithm for patients with
hematochezia is presented in Figure 78.3.

Therapy

As more than 80% of episodes of lower gastrointestinal
bleeding spontaneously stop and do not recur, specific
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Figure 78.3 Diagnostic algorithm for patients with hematochezia.
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therapy to arrest hemorrhage is generally not needed.
Therapeutic maneuvers primarily are supportive. Medical
therapy has been disappointing in its ability to arrest on-
going bleeding, prevent recurrent bleeding, and improve
outcomes.

Endoscopic therapy is preferable to angiographic or sur-
gical therapy if it is possible, and it may be possible in a sig-
nificant fraction of cases of lower gastrointestinal bleeding.
However, large controlled trials to evaluate the use of en-
doscopic therapy in lower gastrointestinal bleeding and de-
fine patients who would benefit from such therapy have
not been performed. The type of therapy chosen depends
on the lesion encountered. For bleeding vascular ectasias,
thermal contact methods are the treatment of choice,
whereas for ulcers and bleeding after polypectomy, either
thermal contact methods or injection therapy can be em-
ployed. Bleeding polyps can be removed endoscopically,
and bleeding from larger neoplasms can sometimes be
stopped temporarily by epinephrine injection until defini-
tive surgical therapy can be undertaken. Investigators have
reported successful endoscopic treatment of bleeding di-
verticula with epinephrine injection or thermal contact
methods (16).

Angiographic treatment of lower gastrointestinal bleed-
ing is possible. Intraarterial infusion of vasopressin can arrest
bleeding in up to 90% of cases, although bleeding will recur
in as many as 50%–70% of cases on withdrawal of therapy.
Small studies have demonstrated the efficacy and safety of
subselective embolization of bleeding vessels, although
concerns about the risks for intestinal infarction remain.

Surgical resection of bleeding lesions remains a viable
therapeutic approach for patients with persistent lower gas-
trointestinal hemorrhage. Rarely, patients present with
massive hematochezia, and attempts to fully resuscitate the
patient and establish the location of the site of bleeding are
impossible. Such patients require urgent surgical interven-
tion to control the bleeding and prevent exsanguination.
Intraoperative endoscopy can be attempted to localize the
bleeding site if it is not obvious at laparotomy. Total
abdominal colectomy is often undertaken if no site of
bleeding can be localized in the operating room. Compli-
cation and rebleeding rates following this procedure
are significant. Fortunately, this form of intervention is
rarely required.

Much more commonly, patients have bleeding that
starts, stops, and then starts again. The site of bleeding may
or may not have been documented by previous diagnostic
studies. The role of surgery in the management of these pa-
tients is not defined. Decisions about the need for and tim-
ing of surgical intervention are based on factors such as the
number of episodes of rebleeding, total volume of blood
transfused, clinical severity of each episode, and the pa-
tient’s operative risk. Because the management of clinically
important lower gastrointestinal bleeding is complex, gas-
troenterologic and surgical consultation should be ob-
tained at the time of hospitalization in all patients.

Issues During the Course of Hospitalization

In the majority of cases, lower gastrointestinal bleeding
stops and does not recur, and the hospital course is un-
complicated. Many patients may be eligible for early dis-
charge once they are resuscitated. Risk assessment in lower
gastrointestinal bleeding is based mostly on expert opin-
ion, as large prospective studies exploring the relationship
of clinical presentation, medical history, and endoscopic
diagnosis to outcome have not been undertaken.

In our opinion, assessment of the clinical history and
endoscopic diagnosis can be used to predict outcome
and determine the need for ongoing hospitalization in
patients with lower gastrointestinal bleeding (Table 78.7).
Patients with high-risk features should be observed in the
ICU for at least 24 hours and should remain in the hospi-
tal for at least 72 hours. Moderate-risk endoscopic findings
include nonbleeding colonic ulcers, vascular ectasias
that can be endoscopically treated, and bleeding polyps
that can be endoscopically resected. Patients with these en-
doscopic findings and without high-risk clinical features
should be observed in the hospital but can be given a regu-
lar diet. The optimal duration of inpatient observation is
unclear, but it probably is safe to discharge these patients if
there has been no sign of active bleeding for more than 24
hours. Low-risk endoscopic findings include bleeding
hemorrhoids and mild colitis. In the absence of high-risk
clinical features, such patients are appropriate for immedi-
ate discharge.

A difficult situation arises when no diagnosis can be es-
tablished after conventional endoscopy of the upper and
lower tract. A small bowel source of bleeding should be sus-
pected, and these patients should remain in the hospital for
further diagnostic evaluation. If no diagnosis is established,
patients should be observed in the hospital for a minimum
of 48–72 hours for rebleeding.
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TABLE 78.7
CRITERIA THAT HELP IDENTIFY HIGH-RISK
PATIENTS WITH LOWER GASTROINTESTINAL
BLEEDING WHO REQUIRE ONGOING HOSPITAL
OBSERVATION

Clinical criteria
Presentation with shock
Ongoing abnormality of vital signs
Transfusion requirement of �3–4 units of blood on a single day
Recurrent episodes of bleeding during hospital stay
Persistent fever, abdominal pain or tenderness, leukocytosis
Unstable comorbid conditions

Endoscopic criteria
Diverticulum with active bleeding, visible vessel, or adherent clot
Severe ischemic colitis
Cancer
Colonic ulcer with active bleeding, visible vessel, or adherent clot
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During hospital observation, clinicians should be
watching carefully for an exacerbation of comorbid medi-
cal conditions and for evidence of rebleeding. Passage of
dark blood or melena per rectum does not necessarily indi-
cate rebleeding. An assessment of the vital signs and the
hematocrit will aid in the diagnosis of rebleeding. Passage
of bright red blood indicates that bleeding has resumed.
Appropriate management for an episode of rebleeding is
not well defined and requires a case-by-case approach.

Discharge Issues

Patients are eligible for discharge after an appropriate in-
terval of observation if bleeding has not recurred, the vital
signs are normal, further transfusion is not required, and
any comorbid medical conditions are stable. During a
follow-up period of several years, a significant minority of
patients requires readmission for further bleeding and a
significant minority die, although death is rarely related to
acute lower gastrointestinal bleeding. Of cases of diverticu-
lar bleeding in which surgical resection is not performed,
bleeding recurs in approximately 10% by one year and in
25% by four years. Of patients admitted for their second
diverticular bleed, approximately 50% have further bleed-
ing after discharge. The rate of rebleeding requiring read-
mission for other diagnoses has not been well defined.

No ongoing medical therapy after discharge has been
demonstrated to reduce rates of rebleeding or to improve
long-term outcomes. Lower gastrointestinal bleeding is as-
sociated with aspirin and NSAID use. Whenever possible,
these medications should be discontinued permanently or
resumed in the lowest possible dose after an interval of
several months. The risk associated with resumption of an-
ticoagulants is unclear and must be determined on an indi-
vidual basis.

GASTROINTESTINAL BLEEDING
DEVELOPING IN THE HOSPITALIZED
PATIENT

Gastrointestinal bleeding is a frequent and morbid compli-
cation of hospitalization. Patients in whom nosocomial
bleeding develops are at very high risk for poor outcome
and have a mortality rate upward of 30%. Most of this mor-
tality is secondary to a deterioration of the patient’s overall
medical condition rather than to uncontrolled bleeding.
Bleeding tends to occur after a prolonged hospital stay and
is more likely to occur in patients with more severe under-
lying illnesses. Risk factors include ICU admission during
the hospital stay, the need for mechanical ventilation, and
coagulopathy. However, the majority of patients with
nosocomial gastrointestinal bleeding are not in the ICU at
the onset of bleeding. Duodenal ulcer disease is the most
common source of this bleeding (Chapter 80). Preventive

medical therapy (such as administration of intravenous
proton pump inhibitors) is imperfect, as the majority of pa-
tients in whom bleeding develops have been receiving
some form of prophylaxis. In general, the approach to the
diagnosis and management of patients with nosocomial
gastrointestinal bleeding is the same as for patients admit-
ted with primary gastrointestinal bleeding.

COST CONSIDERATIONS AND
RESOURCE USE

Evidence-based guidelines, management algorithms, and
clinical care pathways show great promise in directing ap-
propriate resource utilization for patients with gastroin-
testinal bleeding. Risk stratification data are available that
will permit a more rational approach to admission deci-
sions. It is estimated that up to 25% of admissions for upper
gastrointestinal bleeding can be averted and care delivered
in the outpatient setting without sacrificing safety. Several
prospective studies basing admission decisions on clinical
criteria and results of upper gastrointestinal endoscopy per-
formed before hospital admission have validated this ap-
proach to care. Routine risk reassessment during the course
of the hospital stay also aids in the early discharge of ad-
mitted patients, once again without compromising safety.
Implementation of a risk assessment guideline at one insti-
tution decreased the mean length of stay for upper gas-
trointestinal bleeding from 4.6–2.9 days without any dif-
ferences noted in complications, patient health status, or
patient satisfaction measured one month after discharge
(12). Similarly, in another study, implementation of a clin-
ical care pathway for both upper and lower gastrointestinal
bleeding reduced length of stay from 5.3–3.5 days without
an increase in adverse outcomes (13).

KEY POINTS

■ Gastrointestinal bleeding is a common medical condi-
tion, accounting for some 500,000 hospitalizations an-
nually in the United States. Despite advances in medical
and endoscopic therapy, mortality rates remain in the
range of 2%–10%.

■ Initial resuscitation should consist of prompt and ade-
quate volume replacement and careful attention to air-
way management.

■ Triage from the emergency department should be guided
by an assessment of the patient’s risk for further bleeding
or death based on clinical risk assessment.

■ Early endoscopy is recommended for all patients with
acute upper gastrointestinal bleeding. Patients judged
to be at low clinical risk may be suitable for immedi-
ate endoscopy and may be candidates for outpatient
management.
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■ High-dose proton pump inhibitors are beneficial in
high-risk upper gastrointestinal bleeding. Octreotide has
been shown to improve short-term outcomes in patients
with variceal hemorrhage.

■ Clinical and endoscopic information can be combined
to predict outcome and suggest an optimal length of stay
for patients with upper gastrointestinal bleeding. The use
of clinical practice guidelines or clinical care pathways
based on these criteria has been shown to reduce length
of stay without compromising clinical outcomes.

■ In comparison with the approach to patients with upper
gastrointestinal bleeding, the diagnostic and therapeutic
approach to patients with lower gastrointestinal bleeding
is not well standardized. Early colonoscopy may prove to
be the best strategy to improve outcome and reduce costs.

■ The likelihood of recurrent bleeding after discharge can
be reduced by measures such as eradication of Helicobac-
ter pylori in peptic ulcer disease, administration of nons-
elective �-blockers in patients with esophageal varices,
and avoidance of aspirin and nonsteroidal anti-inflam-
matory drugs in all patients.
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Esophageal Disorders
Asyia Ahmad James C. Reynolds

INTRODUCTION

Despite the relatively simple function of the esophagus,
disorders involving it are a common source of patient
symptoms, morbidity and mortality. The main function of
the esophagus is the movement of an oral bolus into the
stomach without allowing significant regurgitation back
into the esophagus. Swallowing, the essential function of
the esophagus, can be divided into three main phases. In
the oral phase, food is masticated, lubricated with saliva,
and passed to the back of the mouth. In the pharyngeal
phase, food is passed to the pharynx and subsequently
across the upper esophageal sphincter into the cervical
esophagus. As the bolus is rapidly propelled to the phar-
ynx, the nasal cavity and the trachea are protected by the
soft palate and vocal cords, respectively. In the esophageal
phase, food is propelled down the esophagus and through
the gastroesophageal junction as the lower esophageal
sphincter relaxes. A variety of esophageal disorders can oc-
cur if any part of this swallowing process is disrupted.

Most esophageal disorders present with symptoms of
dysphagia, odynophagia or atypical chest pain. An outpa-
tient evaluation is generally sufficient, and a thorough his-
tory and examination often suggest a diagnosis and aid
the diagnostic strategy. Hospitalization is rarely required
for acute esophageal disease, but complaints due to the
esophagus are common among hospitalized patients. This
chapter describes diagnostic and therapeutic strategies for a
variety of esophageal conditions that are commonly en-
countered in the hospitalized patient.

DYSPHAGIA

Dysphagia is the sensation of food sticking as it passes from
the mouth to the stomach. Dysphagia can be differentiated
into two distinct clinical syndromes. Oropharyngeal dyspha-
gia is the inability to adequately transfer food from the
oropharynx into the cervical esophagus. Oropharyngeal

dysphagia is the result of dysfunction of the upper
esophageal sphincter or the oropharyngeal muscles and is
commonly referred to as “transfer dysphagia.” Esophageal
dysphagia is a disturbance in the function of the esophagus
itself. The differential diagnosis of this type of dysphagia is
diverse and largely depends on differentiating mechanical
causes from those related to motility disorders.

History is an important part of the evaluation of dys-
phagia. Patients will often point to the sternal notch as the
site where food “gets stuck.” While this may accurately
describe the location in oropharyngeal dysphagia, patients
with esophageal disorders often incorrectly localize their
symptoms to this location. In contrast, patients who iden-
tify their symptoms as originating lower in the substernal
region are usually accurate in pointing to the site of the
pathology. Nasal regurgitation, coughing, or aspiration
strongly suggest transfer dysphagia. Disorders of the
oropharynx and proximal esophagus are often due to neu-
romuscular disorders of striated muscles. Symptoms of
esophageal dysphagia are more varied and depend on the
underlying etiology. For example, chronic heartburn sug-
gests a benign cause such as a stricture. Advanced age, a his-
tory of weight loss, or heavy tobacco or alcohol use increase
the risk of a malignant cause for the dysphagia. Dysphagia
to solids suggests a mechanical obstruction, while dyspha-
gia to both solids and liquids implies a functional or motil-
ity impairment as the cause. The constant sensation of a
lump in the throat that is unaffected by swallowing is not
dysphagia but “globus.” Globus is most often due to GERD
(gastroesophageal reflux disease, which is discussed later in
this chapter), not hysteria (as had been taught for years). In
summary, although characterization of symptoms is help-
ful, this assessment alone lacks adequate sensitivity or
specificity in determining the cause of dysphagia.

The initial evaluation should be based on symptoms
(Figure 79.1). A patient with oropharyngeal dysphagia
should have a thorough evaluation for underlying
abnormalities of the central nervous system, peripheral
nerves and muscles. In addition, anatomical investigation
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of the hypopharynx and cervical esophagus, as well as a ra-
diographic study of swallowing, should be completed.
Causes of esophageal dysphagia can be divided into two cat-
egories. The evaluation of patients with symptoms impli-
cating a mechanical cause for dysphagia should begin with
a barium study to delineate the anatomy of the esophagus.
Most will also require an upper endoscopy. Endoscopy pro-
vides a means to obtain biopsies for definitive diagnosis and
for therapeutic maneuvers, including esophageal dilation.
Patients with symptoms suggesting a functional cause for
dysphagia should also undergo endoscopy. When en-
doscopy is negative, an esophageal manometry study
should be performed to assess the adequacy of esophageal
peristalsis and lower esophageal function. 

Benign Esophageal Stricture

The majority of benign esophageal strictures are peptic in
origin. The remainder occur as a complication of surgery (or
from caustic toxin ingestion), pill esophagitis, infection, or
radiation esophagitis. Another cause of a narrowed esopha-
gus, a Schatzki’s ring, is a fixed circumferential mucosal fold
located at the squamocolumnar junction. Patients with
strictures usually complain of progressive dysphagia to solid
food and have a long-standing history of heartburn and/or
ingestion of antacids. Barium swallow or upper endoscopy
may reveal a smooth tapered narrowing, usually within the
lower third of the esophagus. Biopsy and brush cytology of
the strictured area can rule out underlying cancer.
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Figure 79.1 Approach to dysphagia. DES, diffuse esophageal spasm; ENT, otolaryngologic;
GERD, gastroesophageal reflux disease.
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The mainstay of treatment is esophageal dilation. In ad-
dition, an aggressive antireflux regimen with a proton
pump inhibitor is warranted and has been shown to de-
crease the need for recurrent dilations (1). Unlike Schatzi’s
ring, in which quick disruption of the ring is required, grad-
ual stretching is needed in peptic stricture. Stretching is
usually accomplished by beginning with dilators of a di-
ameter matching the size of the stricture. Patients may be
dilated up to three successive sizes in one session and may
have to return for further dilations (2).

Esophageal Carcinoma

Over 90% of all esophageal cancers are either adenocarci-
noma or squamous cell carcinoma. Adenocarcinoma is
more commonly diagnosed in Caucasian males with a
long-standing history of GERD. These patients may have
underlying Barrett’s mucosa in which the carcinoma devel-
ops. The incidence of esophageal adenocarcinoma has
risen since the 1970s; during the 1990s, it surpassed the in-
cidence of squamous cell cancer (3). Squamous cell
esophageal cancer is more likely to develop in African
Americans who may have other risk factors such as tobacco
and alcohol use, previous achalasia, or lye ingestion (4).
Symptoms of esophageal cancer include progressive dys-
phagia to solids and rapid weight loss. A barium swallow
that shows an ulcerated, irregular mass in the esophagus
suggests esophageal cancer, and an upper endoscopy with
biopsy is diagnostic. Staging of the tumor includes CT
scanning of the chest. Endoscopic ultrasound can identify
approximately 25% of patients who would otherwise be in-
accurately staged (5). Surgery with esophagectomy remains
the standard of care for localized tumors, while tumors
with lymph node invasion or distant metastasis are treated
with a regimen of chemotherapy and radiation. In aggres-
sive obstructing tumors, esophageal stents can be placed
for palliation, allowing oral intake to continue. Despite re-
cent advances in surgical techniques and chemoradiation,
prognosis in cases of esophageal cancer remains poor, with
fewer than 25% of patients surviving 5 years (6).

Achalasia

Achalasia is an esophageal motility disorder characterized
by loss of peristalsis in the esophagus and failure of the
lower esophageal sphincter to relax. Although the cause is
unknown, viruses, environmental factors and autoimmune
mechanisms have been implicated as playing a role. Pre-
sentation of this disorder occurs equally in both genders
and usually manifests with symptoms of dysphagia to both
solids and liquids. Although dysphagia is the most common
complaint, nocturnal regurgitation, chest pain with eating,
and pulmonary complications are also seen. Long-term
esophageal complications such as Candida esophagitis and
squamous cell carcinoma may complicate the course. With

advancing disease, dietary restrictions, social isolation, and
malnutrition affect this population. Evaluation for achala-
sia includes barium studies, chest radiographs, upper en-
doscopy, and esophageal manometry. A barium swallow
may reveal delayed esophageal transit or a dilated esopha-
gus which tapers distally to give a “bird beak” appearance
(7). There may be evidence of an air-fluid level in the medi-
astinum or signs of chronic aspiration on chest radiographs.
Endoscopy may suggest achalasia in a patient with a tight
lower esophageal sphincter (LES) and a dilated esophagus,
but a definitive diagnosis can only be made by esophageal
manometry. Characteristic findings on manometry include
simultaneous esophageal contractions, a LES that fails to re-
lax, and intraesophageal pressures that exceed gastric pres-
sure. When simultaneous contractions are of high ampli-
tude and associated with chest pain, the descriptive term
“vigorous achalasia” is used.

Once the diagnosis is made, it is important to distinguish
primary achalasia from secondary achalasia or pseudoacha-
lasia. Secondary achalasia can be caused by malignancy,
either by direct extension into the lower esophagus, as
seen in cancer of the gastric cardia, or as a paraneoplastic
phenomenon. An unusual cause is Chagas disease, an in-
fection caused by Trypanosoma cruzi. Finally, extrinsic com-
pression on the lower esophagus can mimic achalasia.

In primary achalasia, there is no treatment to reverse the
degeneration of the neurons, so treatment merely aims to
improve symptoms. Medications such as nitrates or cal-
cium channel blockers have been used with limited suc-
cess. Endoscopic treatment consists of botulinum injection
or pneumatic dilation of the lower esophageal sphincter.
Botulinum injection is a safe procedure than can relieve
symptoms of dysphagia, but its effects are short-lived, with
a mean duration of response of 16 months, at most (8). Pa-
tients generally require repeat injections, making this a
costly procedure. Thus, botulinum injection is reserved for
patients who cannot undergo pneumatic dilation. In con-
trast, a single pneumatic dilation can provide effective ther-
apy in most patients. After a second dilation, 85%–90% of
patients will enjoy long-term relief (9). The complications
associated with pneumatic dilation include local bleeding,
hematoma formation, and esophageal perforation, which
occur in approximately 5% of patients. Despite these risks,
pneumatic dilation is the most cost-effective treatment in
healthy patients (10). Those patients who have a poor re-
sponse to medical and endoscopic treatment may benefit
from a surgical myotomy, with which up to 90% of patients
achieve good results (11).

In secondary achalasia, treatment with dilation may be
inappropriate, and it is important to determine the true
cause for the abnormality. Clues that are helpful in recog-
nizing secondary achalasia include an ulcerated or asym-
metric lower esophageal sphincter seen on endoscopy or
radiographic studies, significant weight loss, rapid onset of
symptoms, and older age of onset.
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Esophageal Spasm

Esophageal spasm is an intermittent, simultaneous, non-
peristatic contraction of the esophagus that occurs during
more than 10%, but less than 100%, of swallows. Symp-
toms can include intermittent dysphagia to either liquids or
solids or chest pain with eating. Diagnosis is difficult since
spasm occurs intermittently and may not be visualized by
diagnostic studies. Barium studies may show a corkscrew-
shaped esophagus or tertiary contractions, but these find-
ings are only suggestive. Manometry confirms spasm in
fewer than 5% of patients (12). Provocation studies with
edrophonium or other acetylcholinesterase inhibitors may
reproduce the symptoms of chest pain and suggest the di-
agnosis. If chest pain coincides with spasms, a definitive di-
agnosis of diffuse esophageal spasm (DES) can be made.

Treatment of these patients is often difficult. It is important
to ensure that the patient does not have underlying cardiac
disease as the cause of the symptoms. For symptoms related
to esophageal spasm, agents such as nitrates, calcium channel
blockers, anticholinergic drugs, and antidepressants can be
tried. Anticholingeric agents, including hyoscyamine, pro-
vide relief in patients with spasm; however, they do have side
effects such as dry mouth, constipation, and blurred vision.
Side effects can be reduced by prescribing short-acting sub-
lingual hyoscyamine products. Antidepressants improve
symptoms in approximately 50% of patients, regardless of
motility findings (13). In refractory DES, pneumatic dilation
or surgical myotomy may provide relief but is rarely used.

Systemic Diseases with Esophageal
Involvement

Many systemic diseases that cause multi-organ dysfunction
and lead to hospitalization also involve the esophagus.
These are listed in Table 79.1. One systemic disease with
frequent esophageal involvement is scleroderma. The con-
dition is most common in women in their 20s to 40s; gas-
trointestinal involvement may occur in up to 90% of these
patients (14). Esophageal involvement is characterized by

decreased lower esophageal pressures and low-amplitude
peristalsis, which causes symptoms of dysphagia to solids
and liquids, as well as severe reflux. Peptic strictures and
Barrett’s esophagus are dangerous complications that may
occur in these patients. Treatment is based on behavioral
modifications and an aggressive antireflux regimen. In ad-
dition, patients should be taught to eat slowly to compen-
sate for the absence of ordered peristalsis. 

ODYNOPHAGIA

Odynophagia is the sensation of pain during swallowing. It
almost always results from a disorder that leads to mucosal
disruption. The etiology of odynophagia is diverse. In im-
munocompromised patients, infectious etiologies such as
Candida, Herpes simplex virus (HSV) and cytomegalovirus
(CMV) must be considered. In some patient populations,
other causes such as chronic reflux, radiation, and pill-
induced damage are more commonly seen.

Infectious Esophagitis

Patients with organ transplants, neutropenia, cancer, and
AIDS are particularly susceptible to infectious esophagitis.
However, patients with diabetes, motility disorders such as
achalasia, those on steroids, and alcoholics are also at in-
creased risk. The most common infectious causes of
esophagitis is Candida. Patients with Candida esophagitis
usually present with dysphagia, but they may also com-
plain of severe chest pain and odynophagia. On examina-
tion, oral thrush may be present, but its absence does not ex-
clude Candida as the cause for the symptoms. Barium
studies may reveal an esophagus with a foamy or shaggy
appearance. Ulceration or masses are unusual, and their
presence should suggest another etiology. Endoscopy is of-
ten performed in patients who fail to appropriately re-
spond to empiric therapy; when performed, it may reveal
characteristic white plaques. Diagnosis can be confirmed
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TABLE 79.1
SYSTEMIC DISEASES WITH ESOPHAGEAL INVOLVEMENT

Rheumatologic
Systemic lupus erythematosus (SLE)
Polymyositis and dermatomyositis
Mixed connective tissue disease
Sjogren’s syndrome
Behçet’s syndrome
Inflammatory myopathies

Endocrine
Hypothyroidism
Diabetes mellitus

Infiltrative/Inflammatory
Amyloidosis
Sarcoidosis
Crohn’s disease

Neurologic
Myasthenia gravis
Amyotrophic lateral sclerosis
Parkinson’s disease
Muscular dystrophies
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by esophageal brushings with cytology or biopsies with his-
tology. The latter is also helpful in ruling out other oppor-
tunistic infections. Treatment is with fluconazole 100 mg
orally daily, or other appropriate anti-fungal agents, for 14
days. Patients with severe dysphagia, or those who fail ini-
tial therapy, need to be hospitalized for intravenous anti-
fungal therapy with fluconazole, caspofungin, or ampho-
tericin B.

Viruses such as cytomegalovirus (CMV) and Herpes sim-
plex (HSV) are also important causes of infectious
esophagitis. HSV esophagitis is seen in both the HIV and
organ transplant population, and much less commonly in
the immunocompetent host. Patients generally present
with odynophagia. Barium studies reveal small discrete
mucosal ulcerations without surrounding mucosal involve-
ment. Endoscopy is necessary to confirm the presence of
HSV. Treatment in patients who can tolerate oral medica-
tions consists of acyclovir 400 mg three times a day. In pa-
tients who cannot tolerate oral medications, intravenous
acyclovir at 5–10 mg/kg every 8 hours can be used.

CMV esophagitis is more common than HSV in the
AIDS population. Symptoms mainly consist of odynopha-
gia. Barium studies may reveal deep ulcerations. En-
doscopy with biopsy is needed for diagnosis. Treatment
consists of ganciclovir intravenously, with an induction
dose of 5 mg/kg every 12 hours for 2 weeks followed by a
maintenance dose. Foscarnet can also be used in to treat
CMV esophagitis; however, side effects such as electrolyte
abnormalities and nephrotoxicity can occur. For patients
with mild disease, oral valganciclovir at a starting dose of
900 mg twice daily is an option.

Other Causes of Odynophagia
and Esophagitis

An often overlooked cause of odynophagia is pill esophagitis.
Patients with pill-induced ulceration usually present with se-
vere odynophagia or chest pain. It is important to obtain a
thorough history, since patients with acute odynophagia
may have received only one dose of the offending medica-
tion. Agents most commonly responsible include alen-
dronate, tetracycline, quinidine, NSAIDs, and potassium.
Pills may become temporarily lodged above the aortic in-
dentation or at a stricture of the esophagus. Endoscopy may
reveal circumferential ulceration in the mid- or distal-esoph-
agus. Treatment is symptomatic, the offending agent is dis-
continued, and patients are instructed to take medications
while in the upright position, drinking a 4- to–8-ounce glass
of fluid both before and after taking the medication.

Radiation esophagitis may also cause odynophagia in
patients undergoing radiation for head and neck cancers.
Esophageal damage occurs in 40%–50% of patients, de-
spite adequate shielding. In patients receiving concomitant
chemotherapy, radiation injury to the esophagus may be
more severe. Treatment may include sucralfate or a mixture

of Mylanta and viscous lidocaine; both regimens appear to
have similar efficacy. If odynophagia is severe, radiation
treatment may have to be postponed and intravenous nu-
trition may be required.

GASTROESOPHAGEAL REFLUX DISEASE

Gastroesophageal reflux disease (GERD) results when the
passage of stomach contents back into the esophagus causes
symptoms or mucosal disease. Heartburn is a burning
sensation behind the sternum after meals, especially when
recumbent. This symptom alone has a high predictive value
for diagnosing GERD. Symptoms such as a bitter taste in the
back of the mouth, belching, nausea, dysphagia, and regur-
gitation are also common. Complaints such as chronic
laryngitis, cough, hoarseness, and asthma can also be at-
tributed to chronic GERD. Cohort studies reveal that GERD
symptoms occur in almost 50% of patients at least once a
month and approximately 20% at least once a week (15).
Overall, Americans spend billions of dollars each year for
medications to treat GERD.

Although transient reflux episodes occur normally,
GERD leads to symptoms or mucosal injury as a result of
impairment of normal esophageal defenses. Peptic stricture
is a costly sequela of severe GERD (particularly if not
treated with effective anti-reflux therapy). It may cause
extensive esophageal narrowing and the need for repeat
esophageal dilations. In addition, chronic GERD may lead
to the development of Barrett’s metaplasia or dysplasia.
Once Barrett’s is detected, patients need to undergo regular
endoscopic surveillance in order to detect esophageal ade-
nocarcinoma, which develops in approximately 0.5% of
Barrett’s patients per year (16).

Although GERD can cause erosive esophagitis, non-
erosive GERD is a common cause of symptoms and can lead
to an impaired quality of life. Patients with non-erosive
esophagitis have the same severity of symptoms, reduction
in quality of life, and utilize equal amounts of antireflux
medications as patients with erosive esophagitis. Surpris-
ingly, some patients with severe erosive esophagitis seen on
endoscopy have minimal symptoms of heartburn and are
only diagnosed incidentally.

Treatment Options for Gastroesophageal
Reflux Disease

Nonpharmacologic Treatments

Lifestyle modifications are often recommended as the first
step in treating reflux symptoms. These are listed in Table
79.2. Elevation of the head of the bed has been shown in
prospective trials to be an effective maneuver. Avoidance of
foods high in fat content or that may affect lower
esophageal sphincter relaxation can be helpful. Lastly,
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medications that reduce esophageal contractile force or
that irritate the esophageal mucosa should be avoided if
possible. If these medications cannot be avoided, they
should be taken with an adequate amount of fluid to pre-
vent injury to the esophagus.

Pharmacologic Therapy

There are three main approaches to the initial treatment of
reflux. The step-up approach starts with the least costly mea-
sures. In patients who do not respond to initial treatment
or who have breakthrough symptoms, medications of in-
creasing efficacy are recommended until symptoms are re-
lieved. This approach is appropriate only in patients with
uncomplicated mild-to-moderate GERD.

The first step in this approach consists of lifestyle modifi-
cations and the nonpharmacologic interventions listed in
Table 79.2. Patients should limit excess fat intake and lose
weight if necessary. Smoking cessation is another important
component of therapy. It not only improves GERD symp-
toms but decreases the incidence of peptic ulcer disease and
various cancers. Concurrent medications should be carefully
scrutinized, since specific medications known to reduce
lower esophageal sphincter pressure can worsen GERD. Even
with strict compliance with the above guidelines, most pa-
tients will remain symptomatic and need to proceed to step
two. At this point, pharmacologic therapy with a histamine-
2 receptor blocker (H2RA) is initiated. Additionally, the
prokinetic agent metoclopramide has been helpful in pa-
tients with mild GERD and symptoms of dyspepsia and
bloating. If symptoms persist despite the above measures,
step three consists of discontinuing the H2RA and starting a
proton pump inhibitor (PPI). While this step-up approach is
commonly used, it has been shown to be the most costly due
to repeated office visits and unnecessary testing. For this rea-
son, clinicians increasingly favor the step-down approach.

The step-down approach begins with the use of a PPI, the
best acid-suppression medication for GERD. This en-

hanced acid suppression leads to faster symptom relief,
improved quality of life, and a greater percentage of pa-
tients achieving mucosal healing. In addition, this class of
medications is the treatment of choice for GERD-related
complications such as esophageal ulceration and stric-
tures. PPIs may also play a substantial role in improving
poorly controlled asthma, chronic cough, and laryngitis
due to GERD. Once symptoms have been controlled for
several months, patients may be switched to a less expen-
sive, less potent medication such as a prokinetic agent or
H2RA. Although the step-down approach may reduce
costs, 60%–80% of patients will require PPI maintenance
therapy to remain symptom free.

Finally, the on-demand approach provides PPI therapy on
an as needed basis. This approach is appropriate and cost-
effective for patients who do not have esophagitis or
esophageal ulcers. Studies using omeprazole have demon-
strated only a 29% failure rate at 6 months in patients fol-
lowing this routine (17). Patients who do not respond to
medical therapy may choose to undergo surgical fundopli-
cation. Recommendation for surgery must be made after
careful evaluation as recent studies show limited long-term
benefit of this intervention. Furthermore, cost analysis re-
veals medical therapy to be more cost-effective (18).

SPONTANEOUS ESOPHAGEAL RUPTURE
(BOERHAAVE’S SYNDROME)

Boerhaave’s syndrome (or spontaneous esophageal rup-
ture) is a full-thickness tear of the esophagus in the
absence of prior instrumentation. Patients often have a
preceding history of retching or vomiting, although any
maneuver that increases intraabdominal pressure can pre-
cipitate esophageal rupture. The most common site for
rupture is in the distal posterolateral esophagus. The
patient may complain of chest, back, or abdominal pain;
while others have symptoms of odynophagia, dysphagia
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TABLE 79.2
NONPHARMACOLOGIC TREATMENTS OF GASTROESOPHAGEAL REFLUX

Avoidance of injurious medications
Agents that impair sphincter tone

Anticholinergics
Progestins
Calcium channel antagonists
Nicotine
Theophylline

Agents that cause mucosal injury
Aspirin
Alendronate
Nonsteroidal antiinflammatory agents
Tetracycline
Potassium supplements

Dietary measures
Reduce fat intake
Reduce meal size
Limit foods that impair sphincter function

Caffeine
Chocolate
Peppermint

Life-style modifications
Stop smoking
Limit alcohol intake
Avoid tight garments
Remain upright after eating
Elevate head of bed
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or nausea. On physical examination, patients may appear
acutely ill, with hypotension, tachcardia or fever. Signs of
a pleural rub or decreased breath sounds should be
sought. Chest or abdominal radiographs usually suggest
the diagnosis by revealing pneumomediastinum or a left-
sided pleural effusion.

Treatment of this syndrome is primarily surgical. Pa-
tients should be adequately resuscitated and promptly
placed on intravenous antibiotics. Individuals with small
tears in the esophagus which are not associated with com-
plete perforation can be treated conservatively with antibi-
otics and close in-hospital observation.

COST-EFFECTIVENESS AND RESOURCE
UTILIZATION

Esophageal disorders rarely require hospitalization. Excep-
tions include chest discomfort where cardiac causes must
be ruled out. In this case, early PPI therapy may relieve
symptoms of reflux esophagitis, allowing for shorter hospi-
talization stays. In addition, patients with poor oral intake
secondary to radiation or infectious esophagitis may need
to be hospitalized for intravenous fluids and antibiotics.
Patients with esophageal rupture usually require urgent
hospitalization for intravenous resuscitation, antibiotics,
and emergency surgery.

Other esophageal conditions can be adequately evalu-
ated and treated in the office. Patients with peptic stricture
and achalasia may need repeat dilation. This can normally
be done on an outpatient basis. Rarely do complications
from these procedures require hospitalization. Early
recognition of symptoms of esophageal cancer may lead
to early diagnosis and shorter hospitalization stays if
surgery is required. Lastly, suspected motility disorders
should be thoroughly evaluated with barium studies, en-
doscopy, and esophageal manometry before complica-
tions develop. By following these recommendations, early
treatment strategies can be implemented in a cost-effective
manner.

KEY POINTS

■ Gastroesophageal reflux disease (GERD) is the most com-
mon esophageal disorder in hospitalized patients. It is a
cause of esophageal cancer, atypical chest pain, asthma,
chronic cough, chronic laryngitis, and tracheal stenosis.

■ All patients with GERD should be counseled in lifestyle
modification, avoiding precipitating medications, and
dietary measures. Most will also benefit from the use of
a proton pump inhibitor.

■ Odynophagia is most commonly caused by reflux or in-
fections, both of which can be effectively treated once a
specific diagnosis is made.

■ Achalasia is an important treatable cause of dysphagia,
angina-like chest pain, and recurrent aspiration. Bot-
ulinum toxin is an important new treatment of achal-
asia, but pneumatic dilation is generally more effective
over the long term.

■ Dysphagia should be promptly evaluated to identify
treatable causes and recognize cancer at its earliest stages.
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Peptic Ulcer Disease 

and Stress-Related 

Mucosal Disease
Brennan M. R. Spiegel Gareth S. Dulai

INTRODUCTION

Epidemiology

Peptic ulcer disease (PUD) and gastritis are two of the most
commonly reported gastroenterologic disorders in hospi-
talized patients, accounting for more than 600,000 hospi-
talizations per year in the United States. PUD alone is the
primary diagnosis in more than 450,000 hospitalizations
per year, with an average hospital stay of four days and an
annual mortality rate of 1.74 per 100,000 persons. Gastritis
is the primary diagnosis for nearly 200,000 hospitalized pa-
tients per year, with an average hospital stay of four days and
an annual mortality rate below 1 per 100,000 persons (1, 2).

Infection of the gastric mucosa with the Gram-negative
bacillus Helicobacter pylori and the use of nonsteroidal anti-
inflammatory drugs (NSAIDs) are the two most important
causes of PUD. As many as 33 million people in the United
States consume prescription and over-the-counter NSAIDs
on a long-term basis, and the prevalence of NSAID use
is increasing in lockstep with the aging of the American
population. Epidemiologic data indicate that NSAID con-
sumption increases the odds of developing an ulcer or
ulcer-related complication by 3–6 times, depending on age.
The prevalence of H. pylori infection in the population
varies by age, but more than 50% of Americans older than
60 years are infected. Thus, millions are at risk for PUD and
its complications. However, most endoscopic ulcers do not
lead to clinically significant complications such as dyspep-

sia, ulcer hemorrhage, or ulcer perforation. In fact, data in-
dicate that fewer than one-third of endoscopic ulcers lead
to these relevant outcomes (3). The lifetime risk for symp-
tomatic ulceration in those with chronic H. pylori infection
is estimated to be 15% (3), and the annual risk for clini-
cally significant ulceration in long-term users of NSAIDs is
1%–3% (4–6).

A number of factors associated with increased risk for
PUD have been identified. In particular, the risk of devel-
oping NSAID-related GI complications is highest in patients
using concurrent aspirin, coumadin, or steroids; patients
with a previous history of an ulcer hemorrhage; and patients
over 65 (7). Bacterial factors, such as the degree of cytotoxin
A expression, and host factors, including the age at infec-
tion, genetic background, and degree of gastric acid secre-
tion, may play a role in determining the risk for subsequent
PUD among persons with H. pylori infection.

Accumulating data indicate that there may be a synergis-
tic effect between NSAID use and H. pylori status. Specifi-
cally, meta-analysis reveals that H. pylori infection increases
the risk of endoscopically detected ulcers in NSAID users by
three and one-half fold compared to H. pylori-negative
NSAID users. In addition, the risk of ulcer hemorrhage in-
creases six-fold when both factors are present (8). In con-
trast, at least two case-control studies have found no evi-
dence of an interaction between these risk factors (9, 10),
and additional data indicate a protective effect of H. pylori
on PUD in NSAID users (11). It is difficult to generalize
these findings because the studies are limited by significant
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variations between study populations, definitions of NSAID
use, and evaluated outcomes. Although data are conflicting,
the weight of the evidence appears to support the notion
that H. pylori and NSAIDs are likely to be at least additive,
and possibly synergistic, risk factors for PUD (8).

Definition of Syndromes

Peptic ulcer disease and gastritis represent patterns of mu-
cosal response to injury. Peptic ulcers are breaks in the gas-
troduodenal mucosa that occur as a result of an imbalance
between mucosal defense mechanisms and mucosal irri-
tants. Whereas the diagnosis of PUD is made by endoscopic
or radiographic visualization, the diagnosis of gastritis is,
by strict definition, based on the histologic finding of gas-
tric mucosal inflammation. In practice, however, the term
gastritis has been used to refer to a variety of endoscopic
appearances, such as erythema of the stomach, that corre-
late poorly with actual histologic findings. Of the three ma-
jor types of gastritis (erosive and hemorrhagic, nonerosive
or chronic, and distinctive), it is primarily the erosive and
hemorrhagic variety that are of any immediate clinical con-
sequence in the hospitalized patient. The principal clinical
consequence of erosive and hemorrhagic gastritis is upper
gastrointestinal hemorrhage.

Because the diagnosis of erosive and hemorrhagic “gas-
tritis” is most often made on the basis of endoscopic visu-
alization without biopsy, and because the biopsy when
performed does not show prominent inflammation, the
preferred terms for this disease entity are either erosive
and hemorrhagic “gastropathy” or simply subepithelial
hemorrhage. Erosive and hemorrhagic gastropathy occurs
primarily in response to stress, use of NSAIDs, and alcohol.
Stress-related gastropathy is the most important type of gas-
tropathy in hospitalized patients and is therefore the only
type considered in this chapter.

Duodenal ulcers are more than twice as common as gas-
tric ulcers. Among patients with PUD who are not taking
NSAIDs, 90%–100% of those with duodenal ulcers and
60%–90% of those with gastric ulcers are infected with
H. pylori. NSAID use is a more frequent cause of gastric ul-
cers but may cause duodenal ulcers as well. Both types of
ulcers occur more commonly in the elderly, reflecting the
increasing prevalence of NSAID use and H. pylori infection
with increasing age. Erosive and hemorrhagic gastropathy,
in contrast, tends to occur diffusely in the stomach without
any known age-specific trend in prevalence.

Current Trends

Within the past two decades, a paradigm shift has occurred
in the approach to the diagnosis and therapy of PUD. It is
now recognized that most PUD is not caused primarily by
oversecretion of acid, but rather by H. pylori infection, the

consumption of NSAIDs, or both. Management of PUD,
therefore, has shifted from maintenance of remission with
antisecretory therapy, to cure through identification and
elimination of H. pylori infection and discontinuation of
NSAIDs, use of co-therapy, or use of anti-inflammatory/
analgesic agents with decreased ulcerogenic potential.

This chapter presents a rational approach to therapeutic
decision making in hospitalized patients with uncompli-
cated PUD, with an emphasis on recent developments in
care. Because gastropathy is a relatively uncommon cause
of morbidity in the hospitalized patient, a short section is
devoted to strategies for prophylaxis.

ISSUES AT THE TIME OF ADMISSION

Clinical Presentation and
Differential Diagnosis

The most common symptom associated with uncompli-
cated PUD is chronic or recurrent pain or discomfort in the
upper abdomen, referred to as dyspepsia. Dyspepsia affects
more than 25% of the general population but rarely results
in hospitalization. Although only 10%–30% of patients
with dyspepsia who present for medical evaluation have
PUD, a history of dyspepsia can be elicited in up to
50%–70% of patients with uncomplicated PUD. The re-
maining patients present with atypical symptoms or with
“silent ulcers.” The latter, who may present with complica-
tions of PUD, are commonly the elderly and those with
NSAID-associated PUD. In numerous studies, discrimina-
tion of symptoms and symptom complexes has not been
shown to be sensitive or specific for the presence of un-
complicated PUD. However, the presence of “alarm” fea-
tures, such as weight loss, anemia, and dysphagia, are asso-
ciated with a high probability of serious underlying
pathology.

Complicated ulcer disease may present with acute, severe
abdominal pain with guarding and rebound tenderness that
suggest posterior penetration or perforation. Weight loss,
early satiety, recurrent emesis, and a succussion splash on
examination may indicate gastric outlet obstruction. A his-
tory of melena, hematochezia, or hematemesis may indi-
cate acute or subacute gastrointestinal hemorrhage.

A wide range of disorders can present with dyspepsia or
severe abdominal pain. Unfortunately, studies of dyspepsia
are largely limited to the outpatient population and may
not be directly applicable to hospitalized patients. Of out-
patients presenting with dyspepsia, only one-third are
found to have an underlying organic etiology, including
erosive esophagitis, peptic ulcers, or, rarely, gastric cancer.
In contrast, two-thirds of patients with dyspepsia have no
discernible organic pathology and are said to have “func-
tional dyspepsia.” A subset of these patients may have un-
diagnosed non-erosive reflux disease.
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Occasionally, biliary or pancreatic disease can mimic
PUD. However, both entities tend to have classic presenta-
tions that are readily distinguishable from those of PUD.
Classic cholecystitis (Chapter 84) causes episodes of acute,
severe pain that often localize to the right upper quadrant.
Pancreatitis (Chapter 86) tends to be associated with
episodes of acute, severe pain in the left upper quadrant
that radiates to the back. Rare causes of dyspepsia may
include Crohn’s disease, medications, systemic metabolic
abnormalities, celiac disease, and intestinal ischemia.
Intestinal ischemia (Chapter 87) should always be consid-
ered given its significant consequences, especially in
patients with severe cardiovascular disease. In the “typical”
case, however, intestinal ischemia presents with one
or more warning signs, such as intestinal angina or
weight loss.

Risk Stratification and Indications for
Hospitalization

Patients presenting with symptoms suggestive of PUD may
be divided into two groups: (1) those suspected of having
uncomplicated PUD, and (2) those suspected of having
complicated PUD. Patients with uncomplicated PUD
require hospitalization mainly for debilitating symptoms
that cannot be controlled on an outpatient basis, such
as pain or inability to maintain adequate nutrient intake.
The decision to admit the patient with suspected uncom-
plicated PUD hinges on the patient’s nutritional status,
comorbidities, reliability, and on the provider’s clinical
judgment.

In contrast, hospitalization of the patient with compli-
cated PUD is generally straightforward. Patients with sus-
pected perforation or penetration require prompt surgical
evaluation and admission to an ICU. Those with suspected
obstruction, or who have evidence of dehydration or are at
risk for further complications such as aspiration should be
admitted for observation and diagnostic evaluation. The
triage of patients with upper gastrointestinal hemorrhage is
addressed in Chapter 78.

Diagnostic Evaluation

Complicated Peptic Ulcer Disease

Patients with suspected complicated PUD require rapid
evaluation. Important historical risk factors include the pa-
tient’s age, prior history of PUD, active comorbid condi-
tions, and use of NSAIDs, alcohol, anticoagulants, tobacco,
or corticosteroids. A complete physical examination
should include an assessment of vital signs, with particular
attention paid to evidence of volume depletion. Laboratory
tests to obtain a complete blood cell count and values for
coagulation parameters, liver chemistries, electrolytes,

amylase, blood urea nitrogen, and serum creatinine should
be routine. Elderly patients and those with pre-existing
cardiovascular morbidities should receive a baseline
electrocardiogram, especially if gastrointestinal hemor-
rhage is suspected. Patients with suspected perforation
require both supine and upright radiographs of the
abdomen to rule out pneumoperitoneum. If an “acute
abdomen” is present or if perforation is suspected clini-
cally, early surgical consultation is mandatory. Those with
suspected hemorrhage should be managed according to the
strategies outlined in Chapter 78. In particular, data indi-
cate that early endoscopy within 12–24 hours improves
patient outcomes and reduces length of stay versus delayed
endoscopy, suggesting that early endoscopy should be a
routine component of care for patients admitted with
suspected ulcer complications (12). Patients with sus-
pected gastric outlet obstruction require upright or decubi-
tus radiographs of the abdomen to rule out distal small-
bowel obstruction and placement of a nasogastric tube for
decompression.

Uncomplicated Peptic Ulcer Disease as a
Primary Diagnostic Consideration

The management of patients hospitalized principally for
the evaluation of uncomplicated PUD has not been exten-
sively evaluated, and current guidelines or decision aids
are not available. Given the high physical, mental, and fi-
nancial burden of continued medical uncertainty in the
hospitalized patient, rapid and definitive diagnosis and
treatment are warranted. A suggested algorithmic approach
to diagnose patients hospitalized primarily for evaluation
and treatment of suspected uncomplicated PUD begins
with a referral for early upper gastrointestinal panen-
doscopy (Figure 80.1).

Endoscopy is a safe and accurate means of confirming
or excluding the major organic causes of dyspepsia, in-
cluding PUD, reflux esophagitis, and cancer, by direct
visualization and biopsy of the gastrointestinal mucosa.
With an experienced endoscopist, the procedure has a
sensitivity and specificity for PUD of nearly 100%. En-
doscopy allows further diagnostic evaluation with gastric
biopsy to rule out H. pylori infection and cancer, and
a number of studies have shown that patients prefer up-
per gastrointestinal endoscopy to upper gastrointestinal
radiography.

Double-contrast upper gastrointestinal radiography is an
acceptable, although much less sensitive (50%–60%) and
slightly less specific (90%–100%), alternative when en-
doscopy is not readily available (13). Although the direct
cost of radiography may be less than that of endoscopy, ra-
diography does not allow targeted biopsy of gastric ulcers to
rule out cancer, nor does it facilitate invasive testing for
H. pylori or accurately exclude reflux esophagitis. Moreover,
whereas endoscopy can be performed at the bedside of
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critically ill patients, radiography requires that the pa-
tient be able to cooperate with simple maneuvers and be
suitable for transfer to the radiology suite. Finally, en-
doscopy may be precluded for days after radiography
because of retained contrast, which also may damage the
endoscope. For all of these reasons, endoscopy is the initial
study of choice for the diagnosis of uncomplicated PUD in
hospitalized patients.

Once PUD is confirmed by direct endoscopic visualiza-
tion (preferably performed within the first 12–24 hours of
admission), biopsy specimens should be taken from the
antrum and midbody along the greater curvature to exclude
H. pylori infection. Cost-effective analysis suggests that anti-
H. pylori therapy may be given empirically without H. pylori
testing, given the high pretest probability of H. pylori infec-
tion in patients with uncomplicated duodenal ulcers who
deny NSAID use. Under these circumstances, treatment
might still be warranted even in the presence of a negative

diagnostic test because the pre-test likelihood of H. pylori is
very high (Chapter 6). If a gastric ulcer is present, biopsy
specimens should be taken for H. pylori, as above, and also
from the ulcer margin to exclude malignancy. A rapid ure-
ase test for H. pylori should be performed with antral biopsy
specimens. The remaining specimens should be mounted
and fixed for confirmatory histologic review in the event
that the rapid urease test result is negative. If PUD is con-
firmed by radiography instead of endoscopy, a noninvasive
test for H. pylori infection should be performed.

Diagnostic Tests for Helicobacter pylori

Determining which H. pylori testing method to employ is
critical to implementing any evidence-based algorithm for
PUD management. In patients with simple dyspepsia, non-
invasive tests such as serology, carbon-labeled breath tests,
and stool antigen tests have been shown to be more cost-
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Figure 80.1 Algorithm for the management of patients with suspected peptic ulcer disease. DU,
duodenal ulcer; GU, gastric ulcer; NSAID, nonsteroidal anti-inflammatory drug.
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effective than invasive tests requiring endoscopy (e.g., the
rapid urease test or histology), and these are recommended
for the diagnosis of H. pylori infection in ambulatory pa-
tients with dyspepsia. The stool antigen test, in particular,
is an effective means of confirming cure following anti-H.
pylori therapy (14). Deciding which noninvasive test to use
may depend on variable local factors, such as availability,
institutional test characteristics, and costs (15). In patients
with a low prevalence (30%–50%) of H. pylori infection,
such as a young ambulatory patient with simple dyspepsia,
non-invasive testing should be undertaken only if it is de-
cided a priori to treat in the event of positive test results (be-
cause the false-positive rate may be up to 21%). In patients
hospitalized for evaluation of possible PUD, gastric biopsy
with rapid urease test or histological evaluation is an ac-
cepted means of testing for H. pylor because they are already
committed to early endoscopic evaluation.

Peptic ulcer disease in the absence of H. pylori infection
and NSAID consumption presents a diagnostic challenge.
The most common causes include false-negative H. pylori
test results and surreptitious NSAID use. The clinician must
also be cognizant of other medications that contain NSAID
ingredients, including various herbal preparations, Alka
Seltzer®, Anacin®, Bufferin®, Pepto Bismol® liquid, Dar-
von®, and Percodan®. Recent use of antibiotics, bismuth, or
antisecretory agents, or recent upper gastrointestinal hem-
orrhage may cause false-negative results when tests for H. py-
lori that rely on the load of organisms are used, such as the
carbon-labeled breath test or rapid urease test of biopsy
specimens. Serology may be the test of choice in these situ-
ations. Given the high pretest probability of H. pylori infec-
tion in PUD patients who deny NSAID use, an initial nega-
tive test result for H. pylori has a low negative predictive
value. Therefore, a second confirmatory test or empiric anti-
H. pylori therapy may be warranted, especially in the case of
recurrent or complicated PUD.

Biopsy specimens from H. pylori-negative and NSAID-
negative PUD patients should be reviewed for evidence of
malignancy, Crohn’s disease, sarcoidosis, eosinophilic gas-
troenteritis, or viral infection. A history of recent radiation
therapy, chemotherapy, or “crack” cocaine use may provide
clues to other specific etiologies. In an appropriate setting,
such as the presence of multiple ulcers in unusual loca-
tions, fasting serum gastrin levels should be ordered to rule
out Zollinger-Ellison syndrome. Serum calcium should be
checked to exclude hyperparathyroidism. Further workup
for exceptional cases is beyond the scope of this chapter.

ISSUES DURING THE COURSE OF
HOSPITALIZATION

Initial Therapy and Monitoring

The general management of patients with uncomplicated
PUD should include intravenous administration of fluids

for those who are unable to tolerate oral intake or who
show evidence of intravascular volume depletion. There is
little evidence to support the efficacy of routine antisecre-
tory therapy before a definitive diagnosis has been made.

Vital signs should be monitored routinely every 6–12
hours. A daily assessment of symptoms and abdominal ex-
amination should be performed. Patients with dyspepsia in
the setting of uncomplicated PUD may not become asymp-
tomatic once antisecretory therapy is initiated. Scant data
exist to define the appropriate length of in-hospital therapy
before discharge. Medicare data from 2002 reveal an aver-
age hospital stay of four days for patients with a discharge
diagnosis of PUD (2). However, a hospital stay of one to
two days after the diagnosis is made should not be consid-
ered unusual in patients without significant comorbidity.
We recommend that patients be discharged once their
symptoms can be controlled on an outpatient basis.
Patients whose symptoms increase in severity or who
develop new symptoms or signs of complication will re-
quire longer hospitalization with gastroenterologic or sur-
gical consultation.

Specific Therapy

This section emphasizes the management of uncompli-
cated PUD. A discussion of specific endoscopic and surgi-
cal therapeutic strategies employed in the management of
complicated PUD is beyond the scope of this chapter.

Conventional Ulcer Therapy

Although more than 50% of ulcers heal spontaneously
within 8 weeks, the addition of acid-inhibitory therapy
with either H2-receptor antagonists (H2RAs) or proton
pump inhibitors (PPIs) increases the speed of healing and
the absolute percentage of healed ulcers at 8 weeks. PPI
therapy for 8 weeks results in healing rates above 90%.
However, an ulcer recurs within 1 year in 10% of those who
continue on maintenance antisecretory therapy and in 80%
of those who withdraw from therapy (3). Conventional ul-
cer-healing doses of H2RAs (daily or in divided doses) in-
clude 800–1,200 mg of cimetidine, 300 mg of ranitidine,
40 mg of famotidine, or 300 mg of nizatidine for 4–8
weeks. Ulcer-healing doses of PPIs are 20 mg daily of
omeprazole or esomeprazole, 30 mg daily of lansoprazole,
20 mg daily of rabeprazole, or 40 mg daily of pantoprazole
for 4–8 weeks. Gastric ulcers may require 12 weeks for com-
plete healing.

Anti-Helicobacter pylori Therapy

Curing H. pylori infection reduces the recurrence rate of PUD
to less than 10% at one year, without the need for mainte-
nance antisecretory therapy. The re-infection rate after suc-
cessful eradication of H. pylori is less than 1% annually,
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though it is higher in patients with concurrently infected
family members or other ongoing environmental expo-
sures. National guidelines currently recommend anti-H. py-
lori therapy for all infected patients with PUD (3). Adequate
eradication requires combination therapy that includes at
least two antibiotics and an antisecretory agent. Issues that
may influence the choice of therapy for the individual pa-
tient include efficacy, cost, compliance, and antibiotic resis-
tance. There are several 10–14 day anti-H. pylori regimens
that have been approved by the U.S. Food and Drug Ad-
ministration (Table 80.1). In addition, recent data indicate
that regimens lasting only 3–5 days may achieve eradication
rates equivalent to longer regimens (16). Because there are
only limited data supporting these foreshortened regimens,
they have not yet become standard care.

Given adequate compliance and limited metronidazole
resistance, a bismuth-based regimen improves outcomes at
a lowest cost. However, because compliance is often poor,
a PPI-based regimen may be the preferred choice because it
requires taking fewer pills at less frequent intervals for a
shorter period of time. In patients who have previously
received metronidazole or clarithromycin therapy, or in
geographic regions with known metronidazole or clar-
ithromycin resistance, a regimen utilizing amoxicillin or
tetracycline is preferred.

Despite initial concern, prior treatment with a PPI does
not appear to influence the success or failure of subsequent
antibiotic therapy. The principal benefit of H. pylori eradi-
cation for these patients lies in preventing recurrence of
PUD, since H. pylori-associated ulcers heal on antisecretory
therapy alone. Therefore, eradication regimens need not be
instituted immediately.

Management of Peptic Ulcer Disease Induced
by Nonsteroidal Antiinflammatory Agents

Patients with PUD who have been taking NSAIDs should
discontinue these drugs if possible. Acetaminophen should
be substituted for NSAIDs if only analgesia is required. The
patient who discontinues NSAIDs should receive a stan-
dard course of healing antisecretory therapy with an H2RA
or a PPI. Although the degree of interaction between H. py-
lori and NSAIDs in PUD pathogenesis remains unclear,
routine testing for H. pylori infection is recommended in
patients with NSAID-associated PUD. All patients with
documented H. pylori infection should receive a course of
eradication therapy.

Management options for patients with NSAID-associ-
ated PUD who require chronic NSAID therapy include use
of either a cyclooxygenase-2 (cox-2) selective inhibitor
(known as a “coxib”), or a traditional non-selective
NSAID with a co-prescribed PPI. Emerging data suggest
that the latter option may be preferred in the majority of
patients at high-risk for gastrointestinal complications of
NSAID (17). First, despite the significant relative risk re-
duction in GI complications afforded by coxibs, their ab-
solute risk reduction (compared with NSAIDs) is less than
1% for clinically-significant ulcer complications—an ab-
solute reduction that does not offset their increased costs
versus generic NSAIDs (17). Second, prospective studies
in high-risk patients indicate that coxibs do not provide
additional risk reduction for ulcer complications when
compared with the NSAID � PPI combination. Third,
cost-effectiveness analysis reveals that the coxib strategy is
more expensive, yet less effective, than the NSAID � PPI
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TABLE 80.1
FDA APPROVED ANTI-H. PYLORI REGIMENS

Regimen Duration (d) Efficacy (%)

28 88–94

28 71–75

28 77–82

14 73–83

14 35–67
10 83–91

10 81–84

10 77–85

a Amoxicillin may be substituted for TCN when TCN is contraindicated.
b Restricted labeling: intolerant or allergic to clarithromycin or for infections with known or suspected
clarithromycin resistance.
H2RA, histamine2 receptor antagonist.

Omeprazole 40 mg qd � clarithromycin 500 mg tid for 14 d,
then omeprazole 20 mg qd for 14 d

Ranitidine bismuth citrate (RBC) 400 mg bid � clarithromycin
500 mg tid for 14 d, then RBC 400 mg bid for 14 d

Bismuth subsalicylate 525 mg qid � metronidazole 250 mg qid
� tetracycline (TCN)a 500 mg qid for 14 d; � H2RA for 28 d

Lansoprazole 30 mg bid � amoxicillin 1 g bid � clarithromycin
500 mg bid for 14 d

Lansoprazole 30 mg tid � amoxicillin 1 g tid for 14 db

Omeprazole 20 mg bid � clarithromycin 500 mg bid �
Amoxicillin 1 g bid for 10d

Lansoprazole 30 mg bid � Clarithroymycin 500 mg bid �
Amoxicillin 1g bid for 10 d

Esomeprazole 40 mg bid � Clarithroymycin 500 mg bid �
Amoxicillin 1 g bid for 10d
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strategy in high-risk patients. Fourth, whereas data reveal
that the use of concurrent aspirin attenuates the relative
gastrointestinal protective effects of coxibs, PPIs are
highly effective in minimizing aspirin and other NSAID-
related gastropathy. These data, combined with increasing
concerns about cardiovascular safety of coxibs (18)
(which led to the withdrawal of rofecoxib from the mar-
ket), suggest that the purported gastrointestinal benefits
of coxibs may not offset their additional risks and higher
cost compared to the NSAID � PPI combination. Miso-
prostol may be an acceptable alternative to PPI co-therapy
in selected patients. If possible, patients found to have an
NSAID-related ulcer should receive a full healing course
of anti-secretory therapy before initiating further NSAID
therapy.

Patients with NSAID-negative and H. pylori-negative ul-
cers in whom no other etiology is immediately discernible
should receive a course of healing antisecretory therapy.
Consideration should be given to repeated H. pylori testing
versus an empiric course of H. pylori eradication therapy.
Those patients with complicated or recurrent disease
should continue to receive maintenance antisecretory ther-
apy indefinitely.

Prophylactic Therapy for Stress-related
Mucosal Disease

There is an increasing consensus that stress-related erosive
and hemorrhagic gastropathy, or “gastritis,” is a less com-
mon cause of significant hemorrhage in hospitalized
patients than previously thought. This trend possibly re-
flects the improved classification and identification of
other endoscopic entities that can account for upper gas-
trointestinal hemorrhage. It may also reflect a decrease in
the incidence and severity of gastropathy as a conse-
quence of improved care for high-risk patients, such as the
widespread use of rapid resuscitation, early enteral nutri-
tion, and stress gastropathy prophylaxis. In this regard,
the most significant recent change in the management
of gastropathy has been the recognition that prophy-
lactic therapy should be targeted to specific high-risk
populations.

Although uncommon, clinically significant gastroin-
testinal hemorrhage from stress-related mucosal disease in
a critically ill patient is associated with a 50% mortality rate
when it occurs. Clinically significant upper gastrointestinal
hemorrhage will develop in approximately 1%–2% of crit-
ically ill patients. Risk factors for clinically significant hem-
orrhage include mechanical ventilation, coagulopathy,
head trauma, burns over more than 30% of the body, a his-
tory of recent PUD or gastrointestinal bleeding, and organ
transplants. Of these, 48 hours of mechanical ventilation and
the presence of a coagulopathy are independent risk factors.
The best available evidence suggests that the incidence of
significant bleeding in patients without these factors is only
0.1% (19).

Multiple studies have demonstrated the efficacy of pro-
phylactic therapy in decreasing the risk for bleeding, al-
though an effect on mortality has not been convincingly
demonstrated. H2RAs, antacids, sucralfate, PPIs, and miso-
prostol have all been evaluated as prophylactic therapy.
Initial studies suggested that prophylaxis with sucralfate
reduced the rate of nosocomial pneumonia and death.
Although the results of various studies are conflicting, the
best available evidence suggests that, in comparison with
sucralfate, H2RAs provide a greater reduction in the risk for
clinically significant bleeding, with no difference in mortal-
ity (20). The best candidates for prophylactic therapy may
include ICU patients with uncorrected coagulapathies and
those requiring sustained mechanical ventilation. H2RAs
are currently the preferred form of prophylactic therapy.

Recently, intravenous (IV) PPIs (pantoprazole, es-
omeprazole) have become available for inpatient use. Al-
though IV PPIs have shown effectiveness in minimizing
recurrent hemorrhage following endoscopic hemostasis of
bleeding peptic ulcers, there are limited data regarding their
use in stress ulcer prophylaxis. Physiologic data clearly in-
dicate that IV PPIs produce more potent and longer-lasting
acid inhibition than H2RAs, and this finding suggests that
IV PPIs might provide equal or superior clinical outcomes
in stress ulcer prophylaxis than H2RAs. In particular, recent
data indicate that IV PPIs are capable of rapidly raising and
maintaining intragastric pH in critically ill patients who
cannot receive enteral feedings (21). Despite these sugges-
tive physiological data, there are currently no randomized
trials that have demonstrated a benefit in clinically relevant
outcomes for IV PPIs over IV H2RAs for stress ulcer pro-
phylaxis. In light of this shortcoming, H2RAs may remain
the agents of choice for many practitioners.

ISSUES AT DISCHARGE

Clinicians should be aware of several of the more common
drug interactions and side effects of ulcer therapy. Poten-
tially significant drug interactions include those of PPIs and
clarithromycin with other drugs metabolized by cy-
tochrome P-450 pathways. Cimetidine can act as an anti-
androgen, has well-known effects on the metabolism of
warfarin and phenytoin, and can decrease renal excretion of
theophylline, lidocaine, and other cationic drugs. Sucralfate
can decrease the absorption of a variety of drugs, cause hy-
pophosphatemia, and result in constipation. Antisecretory
therapy of any type can decrease absorption of itraconazole
and ketoconazole, and may increase the risk for nosocomial
pneumonia in ICU patients. Misoprostol is an abortifacient
and should not be given to women of childbearing age. In
addition, it may cause crampy abdominal pain, nausea, and
diarrhea in a dose-related fashion. Antibiotic therapy may
result in gastrointestinal symptoms such as nausea, diar-
rhea, or, rarely, pseudomembranous colitis. Metronidazole
can cause a disulfiram-like reaction to alcohol, and clar-
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ithromycin can cause dysgeusia. Bismuth subsalicylate re-
sults in reversible darkening of the tongue and stool.

Patients should be educated about expected side effects
of therapy, the importance of compliance, and specific
symptoms that might warrant a phone call to the physician
or an office visit. A list of NSAIDs and common over-the-
counter preparations that contain NSAIDs should be given
to patients, along with specific education about the ulcer
risks of NSAIDs. Symptoms worthy of evaluation include
the “warning symptoms” of potentially complicated PUD,
in addition to uncontrolled or increasing pain.

Patients with complicated PUD require office follow-up
in 1–2 weeks, followed by repeat endoscopy in 8–12 weeks
to document healing and confirm H. pylori eradication. Pa-
tients with uncomplicated PUD may be seen within 2–4
weeks. Repeat endoscopy for confirmation of H. pylori erad-
ication is not recommended in uncomplicated PUD.

QUALITY-OF-CARE CONSIDERATIONS
AND RESOURCE UTILIZATION

Clinical practice guidelines already exist for the manage-
ment of hospitalized patients with bleeding PUD (Chapter
78) and for ambulatory patients with dyspepsia. Similar
strategies must be designed for the management of hospi-
talized patients with uncomplicated PUD. Such approaches
should favor early endoscopy as the key step in diagnosis
and disposition (15). Patients with uncomplicated PUD
based on initial evaluation might fall into a low-risk cate-
gory of patients who could be safely discharged from the
emergency department or shortly after admission. Rapid di-
agnosis and institution of appropriate therapy should result
in good, cost-effective outcomes.

KEY POINTS

■ Most peptic ulcers are caused by H. pylori infection or
nonsteroidal anti-inflammatory drug use and can be
cured by eradicating H. pylori or eliminating the use of
these drugs, respectively.

■ Clinical practice guidelines and pathways for uncompli-
cated PUD require further development, evaluation, and
implementation if the quality of care provided to patients
hospitalized with this common condition is to improve.

■ Strategies that utilize early endoscopy facilitate rapid
diagnosis and therapy and should result in efficient,
cost-effective care with improved outcomes.

■ Gastritis, better referred to as gastropathy, is a relatively
unusual cause of significant morbidity in hospitalized
patients.

■ Patients at high risk for the development of stress-related
gastropathy (particularly those with coagulopathy or
who are receiving prolonged mechanical ventilation)
should receive appropriate prophylactic therapy.
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Inflammatory Bowel 

Disease
Stephen B. Hanauer Sunanda V. Kane

INTRODUCTION

The group of (idiopathic) inflammatory bowel diseases
(IBDs) includes four disorders: ulcerative colitis (UC),
Crohn’s disease (CD), microscopic colitis, and collagenous
colitis. This discussion is limited to the first two diagnoses.
Ulcerative colitis and Crohn’s disease are identified by a
composite of non-specific clinical, endoscopic, and histo-
logic characteristics (Table 81.1). There is no pathog-
nomonic feature for either, and these diseases need to be
distinguished from inflammatory disease caused by infec-
tions, ischemia, or drugs.

Ulcerative colitis was first described in 1859; by 1909, a
detailed account of the disease and its natural history had
been published. Crohn’s disease is more recently known. It
was first described as ileitis in 1913. In the late 1950s to
1960s, the potential for panenteric involvement or con-
finement to the colon became recognized. IBD is found
worldwide, with the highest incidence in the United States,
United Kingdom, Northern Europe, and Australia. The
overall incidence of ulcerative colitis has remained steady
during the past few decades: 3–15 cases per 100,000 annu-
ally, with a prevalence ranging from 50–80 cases per
100,000. The incidence and prevalence for Crohn’s disease
are similar, although the incidence has risen during the past
20 years. Any age group may be affected by IBD, with the
peak incidence in the second and third decades and an-
other peak in the elderly. The male-to-female ratio is near
unity, and whites with IBD outnumber African-Americans
and Asians four-fold. Risk for the development of IBD in-
creases in people who have a family member affected with
ulcerative colitis or Crohn’s disease.

The specific etiologies of ulcerative colitis and Crohn’s
disease are unknown. Current theories implicate a genetic

predisposition, with numerous potential environmental
triggers initiating an overly exuberant mucosal immuno-
inflammatory response. Neither specific pathogens nor
consistent luminal factors have been identified. To date,
the only differentiating etiologic factor in IBD is the smok-
ing history; cigarette smoking is protective against the de-
velopment of ulcerative colitis and is detrimental to the
course of Crohn’s disease. Eighty percent of adult patients
with ulcerative colitis are nonsmokers, and 80% of adults
with Crohn’s disease smoke cigarettes. Recently, two inde-
pendent teams of researchers described the first candidate
gene in Crohn’s disease, but it will be years before this dis-
covery has direct clinical impact.

Ulcerative colitis is an idiopathic disorder primarily in-
volving the superficial mucosal layer of the large intestine.
The inflammatory process begins in the rectum and extends
to a proximal margin that varies between persons. Approx-
imately 30% of patients have disease limited to the rectum
and another third to the left side of the colon; only about
20% have extensive disease involving the entire colon
(pan-colitis). The extent of inflammation does not neces-
sarily correlate with the severity and course of the disease.
The primary symptom of ulcerative colitis is rectal bleed-
ing, because the rectum is involved in all patients. The
severity of disease depends on the extent of colon involved.
Many patients with ulcerative proctitis present with consti-
pation but frequent or urgent passage of blood or muco-
pus. Abdominal pain is uncommon. In severe colitis, the
inflammation extends to deeper layers, with serosal in-
flammation and destruction of the circular and longitudi-
nal muscles. This thinning of the colonic wall may lead to
colonic dilation and toxic megacolon.

Eighty percent of patients have intermittent attacks
throughout their lifetime, and 10%–15% experience a
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chronic, continuous course. Only about 10% present with
fulminant colitis necessitating colectomy during the first at-
tack. With current medical therapies, life expectancy is nor-
mal. Long-term disease does, however, increase the risk for
colorectal cancer. This increased risk begins after 10 years of
disease, and the risk is higher for patients with more exten-
sive disease. The increased risk is the rational for colono-
scopic surveillance beginning 10 years after the onset of
colitis, with multiple biopsy specimens taken from
throughout the colon to identify epithelial dysplasia.

At endoscopy, the colonic mucosa is diffusely edema-
tous and granular (instead of glistening), and it displays a
spectrum of vascular changes ranging from a loss of the
normal pattern to frank hemorrhage. Microscopic changes
include an inflammatory infiltrate within the mucosa and
neutrophilic infiltration of the epithelium, particularly the
crypts. This inflammatory infiltration may lead to cryptitis,
microabscesses, and architectural distortion of the glands.

Crohn’s disease differs from ulcerative colitis in that the
inflammatory changes are transmural (rather than superfi-
cial) and can involve any part of the alimentary tract, from
the mouth to the anus. Crohn’s disease typically affects the
ileum, colon, and perianal region. Approximately
30%–40% of patients have isolated small bowel involve-
ment, 40%–55% both small bowel and colonic involve-
ment, and 15%–25% have isolated colitis.

Crohn’s disease exhibits two predominant patterns: fi-
brostenotic-obstructing and penetrating-fistulizing. Macro-
scopically superficial ulcers (aphthae) may enlarge and
coalesce into linear or irregularly shaped ulcers outlining
areas of normal mucosa (“cobblestone” appearance). Be-
cause the disease is transmural, the bowel wall thickens and
becomes fibrotic, stiff, and stenotic. Deep ulcers penetrate
serosa, with development of fistulous tracking to adjacent
loops of bowel, urinary bladder, vagina, or perineum.
Symptoms of Crohn’s disease are diverse and are deter-
mined by the disease location and severity within the in-
volved segments. Because of its transmural nature, Crohn’s
disease often is associated with abdominal pain, obstruc-
tion, fevers, and malabsorption.

This chapter outlines the management issues for both
acute ulcerative colitis and Crohn’s disease. Despite signif-
icant overlap between the presentation and therapeutic
principles, there is sufficient dissimilarity to warrant sepa-
rate discussions. Most patients can be managed on an
outpatient basis, and transitions between outpatient and
inpatient status and vice versa are important milestones for
patients with these diseases. Appropriate outpatient follow-
up once the acute attack is resolved is important and will
be addressed.

ULCERATIVE COLITIS

Issues at the Time of Admission

Clinical Presentation

Most patients with mild-to-moderate ulcerative colitis have
had chronic symptoms with gradual progression and are
managed as outpatients (1). Patients who have more than
6–10 urgent, bloody, or liquid stools, including nocturnal
bowel movements, with mucopus and cramping require
hospitalization. Such patients often have anorexia, nausea,
vomiting (particularly with severe cramping during bowel
movements), fever, dehydration (tachycardia, orthostasis)
and prostration.

Patients with moderate ulcerative colitis who fail to
improve with outpatient management also should be hos-
pitalized. These patients may be less acutely ill but present
with persistent diarrhea and rectal bleeding. They may
have additional complications of colitis, including iron-
deficiency anemia, anemia of chronic disease, hypoalbu-
minemia, and osteoporosis.

Important aspects of the physical examination include
assessment of hemodynamics and volume status, and the
abdominal examination. Patients are usually pale and
orthostatic. Unusual patients may be febrile or toxic. Ab-
dominal tenderness, especially rebound tenderness, im-
plies transmural extension of superficial colitis to the
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TABLE 81.1
DIFFERENTIATING CHARACTERISTICS FOR ULCERATIVE COLITIS (UC) VS.
CROHN’S DISEASE (CD)

Clinical Endoscopic Radiologic Histologic
presentation features findings changes

UC Bloody diarrhea Diffuse pattern Extends proximally Crypt abscesses
Tenesmus Circumferential Fine ulcerations Mucosal infiltrate
Cramping Small ulcers

CD Watery diarrhea Rectal sparing Segmental fistulas Focal inflammation
Abdominal pain Skip lesions Strictures Submucosal infiltrate
Perianal disease Linear ulcers Small bowel involved Granulomas
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serosa. Bowel sounds are usually hyperactive, but colonic
dilatation may result in distention and hypoactive or high-
pitched bowel sounds. There usually is no significant peri-
anal disease, even in patients with a history of prolonged
diarrhea and straining. Extraintestinal manifestations can
include ocular inflammation (episcleritis or iritis), large
joint arthritis, erythema nodosum, or pyoderma gangreno-
sum (Table 81.2).

Differential Diagnosis and Initial Evaluation

The differential diagnosis of bloody diarrhea includes
enteric infections, ischemia, radiation, other forms of IBD,
and drugs (including nonsteroidal anti-inflammatory
agents, gold, penicillamine, and chemotherapy). Most in-
fectious colitis is acute and self-limited, but some cases may
be fulminant and associated with systemic complications
(e.g., Escherichia coli 0157:H7 infection with thrombotic
thrombocytopenic purpura and renal failure). It is worth
noting that in patients with a known diagnosis of ulcerative
colitis, an exacerbation can be precipitated by an intercur-
rent infection, food poisoning, or antibiotic-associated
diarrhea. Stool cultures for Salmonella, Shigella, Campy-
lobacter, Clostridium difficile, amoebae, E coli, and, in the
proper context, Schistosoma, cytomegalovirus, and atypical
mycobacteria must be considered. It is important to
alert the laboratory that the diarrhea is bloody, so that
appropriate media can be used to identify E. coli 0157:H7.
C. difficile infection is particularly common and should be
sought by cytotoxin assay (Chapter 77).

Laboratory tests include a complete blood count with
differential and platelets, coagulation studies, and a basic
metabolic profile including liver chemistries. The erythro-
cyte sedimentation rate is nonspecific but can be useful to
follow patients through the hospital course. Assessment of
protein (albumin), calcium, and iron stores is important to
define the overall nutritional status and replacement needs.
A flat and upright abdominal radiograph is essential to rule
out free air or dilatation of colon or small intestine. The
proximal extension of colitis can be estimated by the ab-
sence of feces and haustra distal to the margin of disease (or

throughout the colon). If the transverse colon is dilated to
more than 6 cm, toxic megacolon is considered to be present
(Table 81.3). Contrast barium studies are contraindicated
in acute colitis, as the insufflation can cause perforation.
Likewise, aggressive attempts at colonoscopy are con-
traindicated. A limited proctoscopic or flexible sigmoido-
scopic examination can define the presence of colitis, and a
subsequent abdominal radiograph will outline the proxi-
mal extension of colonic wall involvement. If necessary in
an acute presentation, labeled white blood cell scans may
help define the extent of colonic inflammation and exclude
small-bowel disease.

Indications for Initial Intensive Care
Unit Admission

Patients presenting with hypotension, profuse bleeding re-
quiring multiple transfusions, an acute abdomen, or al-
tered mental status should be admitted to an intensive care
setting. Patients with concurrent liver failure secondary to
primary sclerosing cholangitis also require admission to
the ICU.
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TABLE 81.2
EXTRAINTESTINAL MANIFESTATIONS OF INFLAMMATORY
BOWEL DISEASE

Related to Activitya Usually Related to Activity Unrelated

Peripheral Neuropathy Pyoderma gangrenosum Sacroiliitis
Erythema nodosum Anterior uveitis Ankylosing spondylitis
Oral apthous ulcers Primary sclerosing cholangitis
Fatty liver

a In terms of intestinal manifestations.

TABLE 81.3
CRITERIA FOR DIAGNOSIS OF TOXIC
MEGACOLON

Colonic distention of �6 cm with 3 of 4 of the following:

Fever �38.6° C
Tachycardia �120 bpm
aWBC �10.5
Anemia

In addition, 1 of the following:

Dehydration
Hypotension
Mental status changes
Electrolyte abnormalities

a WBC, White blood cell count
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Initial Therapy

Patients presenting with evidence of volume depletion re-
quire intravenous (IV) fluid resuscitation until the pulse
and blood pressure stabilize. It is important to include
extra potassium (20–40 mEq/L) to replete losses from di-
arrhea and corticosteroid therapy. Other electrolyte distur-
bances, such as hypomagnesemia and hypophosphatemia,
should be corrected with IV (not oral) supplements. Trans-
fusions of packed red blood cells are indicated when the
hematocrit is below 25% and bleeding is persistent. Ad-
ministration of fresh frozen plasma is essential if there is
evidence of clotting dysfunction.

The mainstay of pharmacologic therapy for the patient with a
severe case of ulcerative colitis is IV steroids. Appropriate regi-
mens include hydrocortisone (100 mg every 6 hours),
methylprednisolone (16 mg every 6 hours), or dexametha-
sone ( 6–8 mg twice a day). The authors prefer a continuous
infusion of 40 mg of methylprednisolone during a 24-hour
period because this provides constant delivery of steroids.
Doses higher than 60 mg of prednisone (or equivalent)
have no added efficacy and can contribute to complications.
In the setting of severe acute colitis, no oral therapy for col-
itis (i.e., aminosalicylates, azathioprine, 6-mercaptopurine)
has been shown to add any benefit as an adjunct to corti-
costeroids. Rectal administration of hydrocortisone enemas
can be helpful for patients with tenesmus if they are able to
retain the small (60 mL) volume.

Analgesics are limited to acetaminophen and tramadol.
Antispasmodics or antidiarrheal agents may be prescribed
for patients with stable or improving colitis, but they should
be avoided in the acute setting because they reduce peristal-
sis. Opiates are contraindicated because they can paralyze
colonic musculature and precipitate toxic megacolon. Non-
steroidal anti-inflammatory drugs worsen colitis and
should also be avoided. Low doses of benzodiazepines at
bedtime may help the patient sleep.

The role of antibiotics in acute ulcerative colitis is con-
troversial. In severe colitis, antibiotics have no additional
value over steroids. However, in fulminant colitis or toxic
megacolon, antibiotics are advocated to prevent transmi-
gration and systemic bacteremia. Thus, in the presence of
peritoneal findings, fever, tenderness, profound leukocyto-
sis, or colonic dilation, we recommend broad-spectrum
coverage with a combination of a second-generation
cephalosporin, metronidazole, or a fluoroquinolone, in ad-
dition to an aminoglycoside. This regimen will also cover
the patient for possible emergent surgery. The antibiotics are
discontinued after 48 hours except when an infectious com-
plication has been confirmed or surgery is pending.

Many patients are anorectic and do not wish to eat (fear-
ing postprandial tenesmus or cramping). If patients are not
vomiting and desire food, they may be allowed to consume
liquids or a low-residue diet. Patients who present with
toxic manifestations, high fever, or abdominal tenderness
should have nothing by mouth until they improve. Patients

with persistent vomiting and evidence of an ileus should be
treated with nasogastric suction. Most patients with severe
fulminant ulcerative colitis require parenteral nutritional
support until they begin ingesting a full diet. Even those
who are able to eat are often unable to consume the calo-
ries necessary to meet the additional catabolic demands
associated with acute inflammation, corticosteroids, and
protein exudation from the colon. Either peripheral or par-
enteral nutrition should supplement the oral intake to
meet protein and caloric needs (Chapter 15).

Indications for Early Consultation

It is reasonable to request a gastroenterologic consultation
for any patient hospitalized for the treatment of ulcerative
colitis (2). The disease is relatively rare, and few patients are
hospitalized with severe cases. Furthermore, the morbidity
and mortality of ulcerative colitis can be greatly minimized
by expert management. Despite the contraindication for
full colonoscopy in the acute setting, a limited endoscopic
study can assess the nature of intestinal bleeding. Finally, if
the diagnosis is in question, a gastroenterologist can help
define and then narrow the differential diagnosis. Surgical
consultation at admission is warranted for patients pre-
senting with fulminant colitis or toxic megacolon and for
patients who fail to improve or who deteriorate within the
first days of treatment (3).

Issues During the Hospital Course

The highest priority is to resuscitate an acutely ill, volume-
depleted patient and rule out acute toxic megacolon and
perforation (4). Frequent monitoring of vital signs and
physical examinations during the first 24–48 hours are es-
sential to detect early signs of deterioration. High doses of
steroids can mask abdominal signs and fever. Tachycardia
or a change in mental status may be the only signs of per-
foration. It is important to remember that acute perfora-
tion, which tends to involve the left side of the colon, can
occur without being preceded by toxic megacolon.

In the absence of toxic megacolon, bowel movements
should become less frequent within the first 36–48 hours.
Each bowel movement may still be bloody and of liquid
consistency. By the third full hospital day, the patient
should be demonstrating improvement, with few bowel
movements, less blood and urgency, and less anorexia. The
therapeutic goal is for the patient, within 5–7 days, to have
fewer than five movements a day and no fever, cramping,
urgency, or nocturnal bowel movements. When a patient
reaches this goal, the clinician can switch to 10 mg of oral
prednisone four times daily to simulate the continuous de-
livery of IV steroids. At this point, the patient can be ad-
vanced to a low-residue diet with no limit on the number
of calories consumed.

For patients who do not respond to 5–7 days of IV
steroids, cyclosporine can be used as adjunctive therapy (5,
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6). Initial dosing is 2–4 mg/kg over 24 hours as a continu-
ous infusion. It is imperative that the patient’s serum
cholesterol is documented first because cyclosporine binds
to cholesterol, and a cholesterol level below 120 mg/dL can
lead to higher cyclosporine serum levels and increase the
risk for toxicity (grand mal seizure). Blood levels should be
monitored every 2–3 days and kept in a range of 200–400
mg/dL. Dosing adjustments should be based on either
serum levels or patient side effects.

The therapeutic goals for IV cyclosporine are the same as
those cited above. Patients can be switched from parenteral
to oral cyclosporine when they are having formed bowel
movements without blood or rectal urgency (this usually
takes 5–10 days). The oral dose is twice the final IV dose in
two doses. For example, a 70-kg patient with normal
cholesterol who required 140 mg IV over 24 hours in the
acute setting would be converted to 140 mg twice daily as
an oral regimen.

If the patient has not improved within the first 2–3
days of cyclosporine therapy, another abdominal film
should be obtained. If a megacolon is present, patients
should receive nasogastric suction for decompression and
frequent turning to aid in mobilization of air (patients
should not spend more than two hours at a time in the
prone position). If the findings on the repeated film are
unremarkable, consider alternate diagnoses (Table 81.4).
If the patient is on antibiotics, send stools for C. difficile
toxin assay. Make certain that the patient has not been
given any nonsteroidal agents for headache, fever, or pain,
and that all electrolyte abnormalities have been corrected.

If the colitis symptoms are improving yet the patient is
not doing well clinically, consider manifestations of im-
munosuppression: oral candidiasis or herpes simplex le-
sions can cause odynophagia, and fevers can be caused by
opportunistic infection. Leukocytosis with a left shift is ex-
pected because of the steroids, but the presence of more
than 20% immature cells is worrisome. If a gastroenterol-
ogist was not initially consulted, one should be when the
patient has not improved and IV cyclosporine is being
considered.

Continued bleeding or a blood transfusion requirement
of more than 6 units within a 48-hour period is a poor
prognostic sign; surgery should seriously be considered and
is clearly indicated for the patient who worsens despite
24–48 hours of steroids and cyclosporine. Other poor
prognostic signs after 48 hours of therapy include more
than nine bowel movements a day, persistent tachycardia,
fevers above 38°C, and abnormal radiographic findings. It
should be pointed out that the option of surgical interven-
tion ought to be discussed with patients who have severe
ulcerative colitis even before it becomes necessary because
of deterioration.

Discharge Issues

At discharge, the patient should be tolerating a low-residue
diet and oral medications, have a stable hematocrit, and
have no further need for transfusions. There should be
adequate home support for the patient to engage in basic
activities of daily living. The follow-up appointment
should be about 1 week after discharge, with appropriate
contact numbers in case of relapsing symptoms. The
patient should be counseled about the risks of overexer-
tion, dietary indiscretion, and medication non-adherence
(Figure 81.1).

Oral prednisone should be continued at stable
doses from discharge until the outpatient follow-up visit.
If the patient was treated with cyclosporine, oral
cyclosporine is continued along with trimethoprim-
sulfamethoxazole three times weekly to prevent pneumo-
cystis infection. Maintenance therapy with an amino-
salicylate can be added at discharge (7). Additional education
regarding the importance of adherence with maintenance
therapy, follow-up, and drug monitoring are essential. The
patient should be informed about the risk of nonsteroidal
anti-inflammatory agents exacerbating colitis. At the first out-
patient visit, the drug regimen is reviewed and, if cyclosporine
has been used, trough blood levels are obtained. Many of
these patients will be treated subsequently with long-term
azathioprine or 6-mercaptopurine as supplemental mainte-
nance therapy, in addition to an aminosalicylate. Over
several months, first corticosteroids are tapered, then cy-
closporine. The patient should be maintained on a long-
term aminosalicylate (and azathioprine/6-mercaptopurine if
cyclosporine has been used).
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TABLE 81.4
CONDITIONS TO CONSIDER IF THE PATIENT
FAILS TO IMPROVE

Inflammatory bowel disease-related

New fistula formation
Abscess formation
Obstruction
Perforation
Premature feeding challenge

Medication-related

Opiate withdrawal
Nonsteroidal anti-inflammatory agent use
Clostridium difficile infection secondary to antibiotics
Opportunistic infection secondary to immunosuppressants

Miscellaneous

Ischemia
Catheter infection
Thromboembolic event
Premenstrual syndrome or menses
Alternate etiologies of diarrhea: fat malabsorption, bile salt-induced

colonic secretion, bacterial overgrowth, or factitious diarrhea
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CROHN’S DISEASE

Issues at the Time of Admission

Clinical Presentation

Crohn’s disease requiring hospitalization can present in
several ways: refractory diarrhea, abdominal pain, bleed-
ing, abdominal abscess, or obstruction. Volume depletion
is common in the setting of nausea and vomiting resulting
from obstruction or diarrhea. Fever, anorexia, and malnu-
trition are also common. On examination, abdominal ten-
derness may be localized or diffuse. There may be evidence
of distention, an inflammatory mass, or frank abdominal
or perianal abscess.

Differential Diagnosis and Initial Evaluation

The differential diagnosis for an acute flare of Crohn’s colitis,
like that for ulcerative colitis, includes infectious colitis, the
use of nonsteroidal anti-inflammatory agents, antibiotic-
related diarrhea, acute diverticulitis, and ischemia. Other
acute processes such as appendicitis, pelvic inflammatory
disease, lower lobe pneumonia, or acute hepatitis must be
distinguished from a flare of Crohn’s disease with small
bowel involvement. Free perforation is uncommon and is
more likely to occur as the first presentation of Crohn’s dis-
ease than as a complication of an exacerbation. This is be-
cause transmural inflammation results in a “sticky” serosa,
and the patient’s own omentum usually will patch any
chronic serosal leak. The transmural extension then results in
thickened mesentery, an inflammatory mass of bowel wall

and mesentery, or localized fistula formation (e.g., entero-
enteric, enterocolonic, or enterovesicular). In the patient
with bowel obstruction, the differential diagnosis is between
inflammatory obstruction secondary to a narrowed lumen
and mechanical obstruction from a fibrotic stricture or ad-
hesions from previous surgery. The acuity of the obstruction
preceding inflammatory symptoms (abdominal pain, fevers,
weight loss, diarrhea) and recent dietary history (consump-
tion of hard roughage, such as nuts, celery, mushrooms) will
assist in the differential diagnosis. Initial evaluation requires
a thorough history to differentiate acute versus chronic
symptoms. A complete physical examination should include
a rectal examination and close inspection of the perianal re-
gion to rule out fistula or abscess. If the patient has diarrhea,
the stool should be examined for fecal leukocytes, enteric
pathogens, and C. difficile. Blood work should include a
complete blood count with differential, chemistry panel,
and cultures if the patient is febrile.

Flat and upright abdominal radiographs will rule out
acute obstruction or ileus. In the presence of an abdominal
mass and fever, ultrasonography or computed tomography
of the abdomen and pelvis are indicated to rule out an ab-
scess necessitating surgical consultation or percutaneous
drainage.

Indications for Hospitalization

Hospitalization is indicated if the patient is unable to
maintain adequate hydration or nutrition because of
protracted diarrhea. It is also indicated for acute hemor-
rhage and severe abdominal pain or vomiting. Finally, pa-
tients presenting with fever, a tender abdominal mass, or
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For ulcerative colitis (UC):

1.

2.

3.

4.

5.

1.

2.

3.

4.

5.

6.

Is the patient having nocturnal bowel movements?

Is the patient able to pass gas without having to use the toilet?

Can the patient sleep through the night without a bowel movement?

Is the patient free of obstructive symptoms to allow adequate oral intake?

If no to the preceding question, does the patient have adequate intravenous access to
 allow for parenteral fluids/nutrition?

Does the patient have emergency phone numbers and follow-up appointments?

Is the patient tolerating oral intake?

Is the patient on appropriate doses of medications (steroids, aminosalicylates)?

Does the patient have emergency phone numbers and a follow-up appointment?

For Crohn's disease (CD):

Is the patient having significant pain with oral intake?

Is there minimal to no blood with bowel movements?

Figure 81.1 Checklist for hospital discharge
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evidence of an abdominal, pelvic, or perianal abscess
should be admitted.

Indication for Intensive Care Unit Admission

Admissions to the ICU for Crohn’s disease are rare and re-
lated to complications such as septic shock, intractable
hemorrhage, or profound metabolic derangement.

Initial Therapy

Repletion of intravascular volume and electrolytes with IV
fluids and blood products is paramount. Patients already re-
ceiving steroid therapy should receive stress doses of IV
steroids (e.g., 200–400 mg of hydrocortisone or 40–60 mg
of prednisone) to overcome relative adrenal insufficiency.
In patients without prior steroids, glucocorticoids are with-
held until infectious complications (abscess, perforation)
have been ruled out. The initial distinction between fever
secondary to the disease or to complications may be diffi-
cult until blood cultures and imaging studies are completed.
Once infection has been excluded, it is safe to begin IV glu-
cocorticoids (e.g., 16 mg of methylprednisolone every six
hours, 100 mg hydrocortisone every 6 hours, or 6–8 mg of
dexamethasone every 12 hours). Sulfasalazine has no role in
the treatment of a severe flare of Crohn’s disease. Antibiotics
play more of a role in acute Crohn’s disease than in ulcera-
tive colitis. They are employed to treat the inflammatory dis-
ease or as an adjunct to prevent systemic seeding from an in-
fectious focus (e.g., abscess). After appropriate cultures of
blood, urine, and aspirates of fluid collections, broad-spec-
trum antibiotics (e.g., a second generation cephalosporin, a
combination of an aminoglycoside and metronidazole, or
a fluoroquinolone and metronidazole) are commonly em-
ployed for patients with abdominal pain and tenderness.

Once acute infection has been ruled out, an infusion
with infliximab to treat severe inflammatory disease may be
considered (8). Infliximab is administered as a 5 mg/kg IV
infusion given over two hours. If the patient has received
infliximab previously but not in the last eight weeks, pre-
medication with acetaminophen 650 mg orally and 50 mg
IV diphenhydramine to prevent an acute infusion reaction
is warranted.

Pain is more prevalent in Crohn’s disease than in ul-
cerative colitis because of transmural inflammation that
involves pain receptors on the serosa and peritoneum.
Patients presenting with pain should receive nothing by
mouth and be placed on bowel rest. The pain of Crohn’s
disease usually abates when the patient is not eating. Opi-
ate tolerance and seeking are not infrequent in patients
with chronic Crohn’s disease and should be considered
when pain is the predominant symptom in the absence
of inflammatory components (e.g., fever, leukocytosis,
abdominal mass). If the patient has been receiving opi-
ate analgesia before admission, gradual tapering may be
necessary to avoid withdrawal symptoms. If the patient

is not able to eat, parenteral nutrition should be initi-
ated and later tapered when the patient tolerates an ad-
vancing diet.

Indications for Early Consultation

Because of the complex and varied nature of Crohn’s
disease and its therapy, gastroenterologist consultation
should be obtained for most patients. A surgical team
should also be consulted for patients with obstructive
symptoms, an inflammatory mass, an abscess, or profuse
hemorrhage. Consultation from an anethesiologist or a
pain service should be considered in patients receiving opi-
ate analgesia outside the perioperative period. A nutritional
support consultation is warranted for patients receiving
parenteral nutrition or elemental diets, and for those with
metabolic complications, short-bowel syndrome, or spe-
cific nutritional issues. Psychiatric or psychology/social
work services can provide short-term emotional support,
help manage acute psychosocial complications, and deliver
ongoing outpatient counseling for adaptive problems
related to chronic illness.

Issues During the Course of Hospitalization

The initial key management decision concerns whether
the patient has an immediate indication for surgical inter-
vention (9). If not, then the goal is to resolve acute inflam-
matory symptoms and work toward a stable maintenance
regimen that minimizes the use of prolonged steroids
and opiate analgesics. Indications for surgical exploration
include the following: obstruction lasting more than 48
hours; unremitting fever; increasing abdominal pain, disten-
tion, rebound tenderness, or leukocytosis; and free in-
traperitoneal air. Likewise, an abscess that is not amenable
to percutaneous drainage requires operative intervention.

In the absence of obstruction, ileus, or abscess, bowel rest
and corticosteroids should alleviate abdominal pain and di-
arrhea. When the patient is pain-free after a period of bowel
rest, then a trial of oral intake is initiated. An elemental diet
is usually tolerated as well as total parenteral nutrition and
represents a conservative approach to refeeding. Con-
versely, there is no advantage to a “clear liquid diet,” which
is commonly hyperosmotic and thus aggravates diarrhea.
Patients can be advanced to low-residue diets with or with-
out lactose, according to their history of milk intolerance. If
lactose tolerance is an issue, lactose-free diets are started,
with an evaluation of lactase deficiency deferred to a later
date. Patients with significant ileal disease or who have had
an ileal resection have an impaired ability to absorb fat and
should be prescribed a low-fat diet to minimize diarrhea. At
discharge, the patient should be able to tolerate sufficient
calories from a low-residue diet to meet nutritional de-
mands, and be able to perform most activities of daily life
independently. There should be no need for opiates for pain
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control. Many patients may have “noninflammatory”
symptoms of abdominal cramping or loose bowel move-
ments that can be managed with anticholinergic antispas-
modics or antidiarrheal agents (e.g., loperamide).

If the patient is not improving or is worsening,
additional considerations include new fistula or abscess
formation, opiate withdrawal, thromboembolic events,
nonsteroidal drug-related diarrhea, C. difficile infection,
and mechanical obstruction from adhesions or a fibrotic
(rarely neoplastic) stricture. Fat malabsorption, bile salt-
induced colonic secretion, or small bowel bacterial
overgrowth can cause diarrhea in the absence of active in-
flammation of Crohn’s disease. Persistent abdominal pain
or distention, fever, or leukocytosis warrant repeated imag-
ing with plain films or computed tomography, blood cul-
tures, and a reassessment of the medication profile.

When patients with IBD are hospitalized for an unrelated
problem, they should be maintained on their oral mainte-
nance medication if possible. In the setting of other infec-
tious illness, antibiotic or nonsteroidal drug exposure, or di-
etary alterations, it is not uncommon for inflammatory
bowel symptoms to intensify. If the patient’s disease remains
stable, no gastroenterology consultation is necessary. If,
however, the patient becomes symptomatic, must take noth-
ing by mouth, has a new medical problem, or needs new
medications, gastroenterology consultation is warranted.

Discharge Issues

The goal of inpatient management of Crohn’s disease is to
relieve pain, diarrhea, and inflammatory complications
and allow resumption of a normal quality of life and social
functioning with adequate oral intake to support metabolic
demands. If the patient requires prolonged parenteral nu-
trition or antibiotics, appropriate IV access should be se-
cured, and teaching and nursing arranged before discharge.
At 7–10 days after discharge, follow-up should be coordi-
nated with the primary treating physician (usually a gas-
troenterologist) and the requisite consultative teams (e.g.,
pain service, psychiatry, social work). If a patient has be-
come deconditioned or requires specific rehabilitation ser-
vices, then transfer to a short-term rehabilitation facility
should be considered.

COST CONSIDERATIONS AND
RESOURCE USE

A single study looking at the cost issues in inflammatory
bowel disease estimated that in 1990, national health care
expenditures were $1.2 billion to $1.4 billion (10). The pri-
mary component driving the cost of care was hospitaliza-
tion. In Crohn’s disease particularly, surgical costs are the
main driver of overall hospital costs (11). Therefore, the op-
timal means of reducing the costs of IBD is to minimize the
need for hospitalization, and in Crohn’s disease, surgery.
Early flares should be recognized and treated aggressively

before the patient’s condition deteriorates. A patient should
be educated regarding the importance of maintenance
therapy to avoid disease exacerbations, the exogenous
factors that aggravate disease activity (nonsteroidal agents,
antibiotics, cigarette smoking), and the role of diet in con-
trolling symptoms. The use of home nursing to administer
parenteral nutrition, iron, or antibiotics can decrease the
number of hospital days. Another key management tool is
an “integrated approach” (sometimes referred to as “disease
management”) to outpatient care (12).

KEY POINTS

■ Frequent physical exams within the first few days are
essential for patients hospitalized with acute flares of ul-
cerative colitis or Crohn’s disease.

■ Crohn’s disease can manifest in many ways, including
diarrhea, bleeding, obstruction, severe abdominal pain,
and abscess or fistula formation.

■ Early gastroenterology and surgical consultation for
either diagnosis is appropriate.

■ If the patient is not responding to standard therapy, con-
sider alternate diagnoses, such as infectious colitis or a
complication of inflammatory bowel disease, such as
abscess formation.

■ If the patient is not responding to initial therapy, stop
and redirect management. Patients with ulcerative colitis
may benefit from adjunctive cyclosporine in addition to
steroids, and patients with Crohn’s disease may require
antibiotics, infliximab, or surgery.

■ When a patient shows improvement, advances should be
slow and methodical.
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Acute Hepatitis and

Liver Failure
Marina Berenguer Teresa L. Wright

INTRODUCTION

Fulminant hepatic failure (FHF), the appearance of severe
liver injury with rapid onset of encephalopathy and pro-
found coagulopathy in a previously healthy individual, re-
mains one of the most challenging conditions faced by
hepatologists today (1, 2). Of the approximately 2,000
cases of FHF in the United States each year, acetaminophen
overdose and idiosyncratic drug reactions are the most
common causes, followed by infection with hepatitis A
and B viruses, poisoning, and Wilson’s disease. The cause
remains unknown in approximately 20% of cases (3, 4).
Although acute viral hepatitis accounts for a significant
proportion of FHF cases in most industrialized countries,
FHF is an uncommon complication of viral hepatitis (3).

Despite advances in medical treatment of complica-
tions, the mortality rate of FHF continues to be very high
(50%–90%) (1, 2). Liver transplantation (Chapter 85)
achieves survival rates averaging 65% (5) and has been
used increasingly as an alternative to conservative medical
management. Accurate early prognostication is crucial. In-
deed, patients likely to recover spontaneously must be
identified so that they are not subjected to the operative
risk of and the long-term immunosuppression from an un-
necessary liver transplant. On the other hand, patients in
whom remission is unlikely should be transplanted before
complications make surgical rescue impossible (6).

The principle challenges in the care of patients with FHF
are making the correct diagnosis of severe acute hepatitis,
accurately and promptly identifying patients at high risk for
liver failure, and recognizing the major complications (7)
that should prompt liver transplantation.

Fulminant hepatic failure was defined in 1970 as a po-
tentially reversible condition caused by severe liver injury,

in which there is no prior history of hepatic disease and in
which encephalopathy develops within eight weeks of the
onset of illness. Though widely used, this definition was
limited by the difficulty in determining the onset of the ill-
ness and the lack of a standard measure of the severity of
hepatic failure. Newer classifications (1, 2, 6) emphasize:
(a) the development of encephalopathy (which portends a
worse prognosis); (b) the severity of hepatic failure, as-
sessed by the prothrombin time and factor V level (higher
prothrombin time and lower factor V level indicate worse
prognoses); (c) the interval between the onset of jaundice
and the development of encephalopathy (worst is 8–28
days); and (d) age (worse if younger than 10 years or older
than 40 years).

In addition to patients with FHF, another group of pa-
tients suffers liver failure 60 days to six months after the ini-
tial injury. The cause of this delayed presentation is often
“non-A, non-B” hepatitis. This late-onset hepatic failure tends
to occur in older patients and has a very high mortality rate
despite a relatively low likelihood of cerebral edema (8). In
contrast, the rapidly progressive liver failure associated with
hepatitis A and B viruses and drugs frequently is associated
with cerebral edema but carries a lower mortality rate.

Etiology

Causes of FHF are listed in Table 82.1. For years, the most
frequently identified cause was viral hepatitis. Newer data
highlight the increasing importance of acetaminophen
overdose (4) (Chapter 121). When no obvious viral or
toxic cause can be implicated (approximately 20% of
cases), liver failure is thought to be multifactorial. “Mutant
hepatitis B viruses,” “occult hepatitis B,” unusual hepatitis
viruses such as togavirus, cytomegalovirus, Epstein-Barr

82
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virus, and the recently discovered hepatitis E, C, and G
viruses all have been considered as potential causes.

Prognosis

Several models have been proposed to aid in the early iden-
tification of those patients with a very poor prognosis who
require liver transplantation for survival (6) (Table 82.2).
King’s system, which separates patients with ac-
etaminophen toxicity from all others, has been validated

prospectively in a number of centers worldwide and is the
most commonly used.

With the exception of some rare causes of severe acute
liver failure (Table 82.3), no effective medical therapy is
available, and the guiding principles in the care of patients
with FHF include: (a) prevention of complications, (b)
identification and avoidance of aggravating factors (Table
82.4), (c) supportive management in an intensive care unit,
and (d) early transfer to a liver transplant center (5–7).

The severity of acute viral hepatitis is generally age-
dependent. Patients over age 50 have the most severe dis-
ease, while infection in children is usually asymptomatic
or, if symptomatic, non-icteric. Pregnancy is not associated
with an increased severity of disease and there is no in-
crease in fetal loss or fetal abnormalities.

ISSUES AT THE TIME OF ADMISSION

Typical Clinical Presentation

The course of acute viral hepatitis is similar regardless of
the responsible agent (Table 82.5) and can be divided into
four phases: incubation, prodromal, icteric, and convales-
cent (3). Nonspecific constitutional symptoms of the respi-
ratory and gastrointestinal tracts may develop during the
prodromal phase. These symptoms include malaise, fa-
tigue, myalgia, anorexia, nausea, vomiting, diarrhea, and
mild abdominal discomfort. Less common prodromal
symptoms include fever, headache, and arthralgias.

Most patients seek medical attention with the develop-
ment of jaundice. When jaundice begins, fever typically
declines and systemic symptoms begin to subside. Physical
examination may be unrevealing or may identify ten-
der hepatomegaly (generally mild), splenomegaly, and
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TABLE 82.2
FULMINANT HEPATIC FAILURE: CRITERIA FOR
LIVER TRANSPLANTATION

Patients with acetaminophen-induced fulminant hepatic
failure

pH �7.30 (irrespective of stage of encephalopathy)
or

PT �100 s (INR � 6.5) and serum creatinine �3.4 mg/dL in patients
with stages III or IV encephalopathy

Patients with other causes of fulminant hepatic failure

PT �100 sec (irrespective of stage of encephalopathy)
or

Three of the following (irrespective of stage of encephalopathy):
• Age �10 or �40 y
• Etiology: non-A non-B hepatitis, halothane hepatitis,

idiosyncratic drug reactions
• Duration of jaundice before onset of encephalopathy �7 d
• PT �50 s (INR �3.5)
• Serum bilirubin �17.5 mg/dL

From O’Grady JG, Alexander GJM, Hayllar KM, et al. Early indicators
of prognosis in fulminant hepatic failure. Gastroenterology
1989;97:439–445.
INR, International Normalized Ratio; PT, prothrombin time.

TABLE 82.1
CAUSES OF FULMINANT HEPATIC FAILURE

Drug-induced
Viral Hepatitis Hepatitis Other Causes

Hepatitis A–G Acetaminophen Metabolic (Wilson’s disease,
Hepatitis non-A, non-G Halothane Reye’s syndrome, galactosemia,
Herpes simplex virus Isoniazid sickle-cell disease)
Herpesvirus 6 Methyldopa Poisoning (Amanita mushroom,
Cytomegalovirus Tetracycline other)
Epstein-Barr virus Valproic acid Autoimmune hepatitis
Varicella zoster Nicotinic acid Budd-Chiari syndrome or
Adenovirus Phenytoin veno-occlusive disease

Partial hepatectomy
Jejuno-ileal bypass
Massive neoplastic infiltration
Hyperthermia
Giant-cell hepatitis
Primary graft non-function
Acute fatty liver of pregnancy
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TABLE 82.3
SPECIFIC THERAPIES IN ACUTE HEPATITIS

Condition Therapy Doses

Hepatitis B Lamivudine (controversial) 100 mg daily (adjusted for renal insufficiency)
Acetaminophen-induced hepatitis N-acetylcysteine within 36 hours

of ingestiona (Chapter 121)
Budd-Chiari syndrome Portal vein decompression

Veno-occlusive disease Anticoagulation See Chapter 98
Wilson’s disease D-penicillamine 300 mg/d (increase to 1,500–2,400 mg/d)
Autoimmune hepatitis Steroids Prednisolone: 1–2 mg/kg/d intravenous
Acute fatty liver of pregnancy Early delivery
Herpes simplex or Acyclovir or ganciclovir

cytomegalovirus hepatitis
Carbon Tetrachloride poisoning N-acetylcysteine
Amanita mushroom poisoning Penicillin G and silymarine Penicillin G: 40 � 106 units/day � silymarine: 50 mg/kg/

Early massive rehydration day

a N-acetylcysteine may improve survival rate even when the administration is delayed 72 hours after overdose.

140 mg/kg followed by 70 mg/kg every 4 h for 68 h, total
of 17 doses

Emergency mesocaval or mesoatrial shunt, or transjugular
intrahepatic portosystemic shunt

Ganciclovir: 5 mg/kg every 8h intravenous; Acyclovir:
5–10 mg/kg/three times daily intravenous

TABLE 82.4
COMPLICATIONS OF FULMINANT HEPATIC FAILURE

Complication Management Therapy

Encephalopathy Head computed tomography scan to rule 
out brain complications

Consider neurology consultation

Cerebral edema Intracranial pressure monitoring

Coagulopathy Regular monitoring of prothrombin time,
platelet count

Infection Surveillance cultures
If ascites, diagnostic paracentesis
Chest radiograph

Stress ulcerations Intragastric pH monitoring
Renal failure Regular laboratory monitoring (creatinine,

BUN, urinary sodium, glomerular filtration)

Hypoglycemia Glucose monitoring every 4 h until stabilization

Metabolic acidosis Arterial blood-gas monitoring
Respiratory failure Arterial blood-gas monitoring
Gastrointestinal bleeding Intranasal/oral examination to rule

out bleeding gums
Endoscopy

Multiorgan failure Invasive hemodynamic monitoring

BUN, blood urea nitrogen.

Avoid sedative-hypnotics
Recognize and treat potentially reversible factors
Lactulose (30–120 mL/d orally/rectally)
Flumazenil (still experimental therapy with transient benefits)
Neomycin is not recommended
Keep head elevated
Avoid aggravating conditions (head motion, hypoxemia,

hypercapnia, fluid overload)
Mannitol
Pentobarbital
Vitamin K
Fresh frozen plasma and platelet transfusion therapy for active

bleeding or before invasive procedures; do not give prophy-
lactically simply for elevated fibrin degradation products

Low threshold for antibiotics
Change intravascular catheters every 72 h
Pulmonary toilet
Histamine2 antagonist
Combination loop diuretics and albumin
Low-dosage dopamine
Avoid nephrotoxic drugs
Continuous or intermittent hemodialysis
5–10% dextrose solutions (occasionally 25–50% solutions) should

be started on admission
Bicarbonate replacement or hemodialysis
Intubation if encephalopathy stages III and IV
Somatostatin (100 mg bolus followed by 50 mg/h); no �-blockers

in the acute setting
Sclerotherapy or banding of varices
Balloon tamponade if uncontrolled bleeding
Supportive
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lymphadenopathy. In the icteric phase, jaundice may be as-
sociated with pruritus and skin excoriations. Suspicion of
hepatic failure is based on identification of the triad of
jaundice, dark urine, and systemic symptoms. Although
there are no pathognomonic laboratory abnormalities as-
sociated with viral hepatitis, rising aminotransferase values
identify the development of hepatocellular necrosis.
Aminotransferase values, which start rising during the pro-
dromal phase (before elevations in bilirubin and alkaline
phosphatase levels), usually peak at levels greater than
1,000 unit/L. There appears to be little correlation between
the degree of aminotransferase elevation and prognosis.
Prolonged prothrombin time, however, does signify wors-
ening hepatic function and a poor prognosis.

Atypical Clinical Presentation

Cholestatic Hepatitis

Cholestatic hepatitis is characterized by marked pruritus
and chemical evidence of intrahepatic cholestasis, with
elevations of serum alkaline phosphatase and serum biliru-
bin levels (usually in excess of 15 mg/dL), but no substan-
tial hepatocellular disease. Despite their jaundice, these
patients generally feel and do well.

Fulminant Hepatic Failure

FHF complicates viral hepatitis in less than 5% of the cases.
Hepatitis A rarely may lead to FHF (0.1% of acute cases). The
risk is higher in older patients and in those with underlying

chronic liver disease (9). Hepatitis B is the most common vi-
ral cause of FHF (50%–70% of virus-related cases). The low
risk of developing FHF with acute hepatitis B virus infection
(0.1%–1.0% of acute hepatitis B cases) is increased by in-
fection with mutant strains or coinfection with hepatitis
delta virus. Hepatitis C alone is a rare cause of FHF, but hep-
atitis C virus infection may contribute to hepatic failure in
association with other viruses. By definition, patients with
FHF have some degree of cerebral dysfunction, which may
range from subtle personality changes to deep coma (Table
83.4). Jaundice is generally present; its absence may lead to
an erroneous diagnosis of a psychotic episode, drug over-
dose, or septicemia. Other disorders that may masquerade
as hepatic encephalopathy must be excluded. Laboratory in-
vestigations usually clarify the diagnosis.

Differential Diagnosis and Initial Evaluation

In patients presenting with severe acute hepatitis, an in-
depth history including questions to assess suicidal
ideation or surreptitious ingestion of toxins (including
mushrooms or unusual herbal medicines) must be ob-
tained. A rigorous examination also should be performed
to look for incipient encephalopathy, which may be an
early indicator of liver failure. Thereafter, neurologic status
should be assessed frequently. If mental status worsens, in-
tubation for airway protection must be considered. The
physician also should search for signs of underlying
chronic liver disease (such as spider nevi or palmar ery-
thema), which is a risk factor for a severe course of acute
hepatitis.
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TABLE 82.5
MAIN FEATURES OF VIRAL HEPATITIS

HAV HBV HCV HDV HEV

Transmission Fecal-oral, Sexual, Parenteral, Sexual, Fecal-oral,
outbreaks parenteral, sexual, parenteral outbreaks

vertical vertical
Incubation (in days) 15–45 30–180 15–160 30–180 14–60
Symptoms

Fever Common Uncommon Uncommon Common Common
Nausea, vomiting Common Common Uncommon Common Common
Arthralgia, rash Uncommon Common Uncommon Uncommon Common

Jaundice Common in adults Variable Uncommon Common Common
Severity of acute Mild (depends 30% icteric Very mild Severe Variable (severe 

hepatitis on age) in pregnancy)
Frequency of hepatic 0.1% 0.1–1% 0.1% 5% coinfection 1–2% (10–20% 

failure 20% superinfection during 
pregnancy)

Frequency of Never 1–10% adults 80% 5% if coinfection Never
chronicity 90% newborns with HBV

95% if superinfection
Acute diagnosis Anti-HAV IgM HBsAg, anti-HBc IgM Anti-HCV, HCV Anti-HDV IgM / IgG, Anti-HEV IgM,

RNA HDV RNA HEV RNA

HAV, hepatitis A virus; HBV, hepatitis B virus; etc.
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Because of the considerable overlap in the clinical symp-
toms, signs, and biochemical laboratory tests, serologic
testing is needed to establish a specific diagnosis (Table
82.5). Useful laboratory tests include measurement of
aminotransferases, total bilirubin, alkaline phosphatase
levels, and prothrombin time. Evidence of a prolonged
prothrombin time (INR of 1.5 or greater or prothrombin
time of 17 seconds or longer), should raise concern regard-
ing the potential development of FHF and should prompt
continuous monitoring. These laboratory tests should be
followed every 12 hours initially and then daily. If a coag-
ulopathy is present, neither vitamin K nor fresh frozen
plasma should be administered unless there is overt bleed-
ing, as no benefit has been proven from these interven-
tions, and therapy could mask the progression of the coag-
ulopathy. Other useful tests include arterial blood-gas,
creatinine, and hematocrit measurements. Ultrasound may
be used to exclude biliary pathology in cholestatic forms of
hepatitis.

Assessing the severity of the episode is essential for
prompt referral to a transplant center (Table 82.2). In pa-
tients with signs of severe disease, information that is useful
to the transplant center includes (a) patient characteristics,
with special emphasis on height and weight, other medical
problems that might preclude liver transplantation, social
and psychological profile, and information about substance
abuse; (b) basic laboratory tests and measurements, including
complete blood counts with differential, platelet counts,
electrolytes, serum aminotransferases, alkaline phosphatase,
bilirubin, albumin, amylase, blood type, prothrombin time,
arterial blood gases, urinalysis, and urine output; (c) bacteri-
ologic and serologic data, including blood, urine, and ascitic
fluid cultures, hepatitis B surface antigen, hepatititis B core
IgM antibody, hepatitis A virus IgM antibody, hepatitis C
virus antibody, and HIV serology; and (d) imaging informa-
tion, including abdominal Doppler ultrasound, chest radio-
graph, and brain imaging results if indicated, electrocardio-
gram, and electroencephalogram.

Indications for Hospitalization

In the vast majority of cases, acute viral hepatitis is self-
limited and most patients do not require hospitalization.
Simple advice includes elimination of alcohol intake and
discontinuation of potentially hepatotoxic medications.
There are no mandatory dietary modifications. Sedatives
and opiates should be avoided. Cholestyramine is the drug
of choice for pruritus. There are certain clinical and bio-
chemical characteristics that suggest a more complicated
course and should lead to hospitalization (Table 82.6).

Indications for Early Consultation

Virtually all patients whose hepatitis is severe enough to re-
quire admission would benefit from a consultation by a

hepatologist. In addition, patients with acute viral hepatitis
and elevated creatinine, recent surgery, pregnancy, and HIV
infection should be seen by a specialist.

Indications for Intensive Care Unit Admission

Any patient suspected of having FHF should be admitted to
an ICU for monitoring for and treatment of complications
(Table 82.6).

ISSUES DURING THE COURSE OF
HOSPITALIZATION

There are no specific treatments for severe acute viral hep-
atitis. The use of lamivudine in the patient with acute hep-
atitis B is controversial; there are no randomized trials to
guide this decision. Those rare acute causes of hepatitis
with effective treatment are listed in Table 82.5. The high-
est priority during a hospitalization for acute viral hepatitis
is thus early recognition of FHF. Avoidance of potential ag-
gravating factors (such as electrolyte imbalance, nosoco-
mial infections, and use of sedatives) and treatment of any
complications (Table 82.4) are the key elements of success-
ful management. Treatments that should be continued in
patients with acute severe hepatitis include insulin in those
with insulin-dependent diabetes (lowering the daily
dosage to maintain blood glucose levels above 200
mg/dL), IV quinine in patients in whom falciparium
malaria is suspected (i.e., travelers returning from endemic
areas), and appropriate hormonal therapy in those with
adrenal or thyroid insufficiency. Periodic assessments of
neurologic status should be performed. In addition, infor-
mation that ultimately could contraindicate liver trans-
plantation should be assessed (Table 82.7) in case trans-
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TABLE 82.6
ACUTE SEVERE HEPATITIS: INDICATIONS
FOR HOSPITALIZATION

Serious underlying medical condition
Advanced age
Pregnancy
Treatment with hepatotoxic medication or immunosuppressive

drugs
Underlying chronic liver disease
Malnutrition
Severe vomiting precluding adequate oral intake
Features suggestive of fulminant liver failure such as hepatic

encephalopathy
Patients presenting with ascites
Laboratory findings of prolonged PT (�50% over the normal

range), low serum albumin, hypoglycemia, or serum bilirubin
�20 mg/dL

Any sign of gastrointestinal bleeding

PT, Prothrombin time.
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plantation is necessitated by worsening FHF. Attempts
should be made to determine the cause, if it is still un-
known at admission. Daily blood and urine cultures
should be performed and broad-spectrum antibiotic ther-
apy begun if there is any reasonable suspicion of active in-
fection. It is important to remember that in severe forms of
acute hepatitis, the classic signs of infection (such as fever,
leukocytosis, or positive blood cultures) may be absent. An
unexplained decrease in blood pressure or in urinary out-
put, worsening hepatic encephalopahy, or development of
severe acidosis should suggest sepsis (Chapter 26) and
prompt the initiation of antibiotics and ICU admission.
Liver function should be assessed frequently—initially ev-
ery 12 hours, then daily. If prothrombin time or factor V
levels are altered 50% or more out of the normal range, a
hepatologist should be consulted. Finally, renal and pul-
monary function should be measured daily so that compli-
cations can be recognized early.

DISCHARGE ISSUES

Once the prothrombin time has reached a plateau and be-
gun to decrease, medical status has normalized, and other
complications have resolved, the patient may be dis-
charged from the hospital. Jaundice will still be present at
this time; it may persist for as long as 4–6 weeks. Within
two weeks of the onset of jaundice, the enlarged liver and
spleen begin to shrink, pruritus resolves, and a sense of
well-being returns. Chronicity, characterized by persistently
abnormal liver function, is a major feature of hepatitis C
virus infection (�80%) and to a lesser extent (1%–10%) of
hepatitis B virus infection.

There are no specific measures to initiate upon dis-
charge. The primary physician should assess laboratory val-
ues for chronicity. Any potential hepatotoxic medication
should be avoided, as should alcohol. Follow-up by a pri-
mary physician should be scheduled within 2–3 weeks of

discharge, with an earlier visit scheduled for older patients
or those with underlying comorbidities.

Precautions against percutaneous and sexual transmission
are recommended for patients with hepatitis B or C for as
long as there is virus present in the serum. Patients should
abandon these precautions only if and when the virus
clears from their sera (and virus is cleared only rarely in
hepatitis C). By the time a patient with hepatitis A is dis-
charged, no additional precautions are required, as the
shedding of virus in feces precedes the development of
acute disease.

SEVERE NONVIRAL ACUTE HEPATITIS

Although a viral agent is the most common cause of acute
hepatitis, some cases are related to other causes, including
drugs and metabolic or autoimmune disorders. Clinical
symptoms at presentation are indistinguishable from acute
viral hepatitis, with jaundice being the most prominent fea-
ture. Some features may point toward a particular cause
(10–12) (Table 82.8). Criteria for admission are the same as
for viral hepatitis, and efforts should be directed at detect-
ing signs of liver failure and defining the cause (Figure 82.1).

Alcoholic Hepatitis

Most alcohol abusers remain asymptomatic and may de-
velop cirrhosis silently if they continue drinking. A minor-
ity have episodes of acute alcoholic hepatitis. Although the
course of alcoholic hepatitis is similar to that of viral hep-
atitis, some features help differentiate the two entities
(Table 82.8). If, after initial evaluation, the clinician re-
mains unable to distinguish between alcoholic hepatitis
and a surgical process such as cholecystitis, a liver biopsy is
preferable to laparotomy, which is associated with a high
mortality rate among acutely ill patients. Typically, liver
biopsy reveals swollen hepatocytes, inflammation with
polymorphonuclear leukocytes, macrovesicular fat, and
Mallory’s bodies. In the patient at high risk for bleeding,
liver biopsy may be performed via the transjugular route.

The management of patients with alcoholic hepatitis de-
pends upon the severity of disease. Most patients with
mild-to-moderate alcoholic hepatitis recover sponta-
neously following abstinence from alcohol and the provi-
sion of sufficient nutrition (Chapter 15) and vitamins (par-
ticularly folic acid). Patients with severe alcoholic hepatitis,
defined by the presence of encephalopathy or a discrimi-
nant function (calculated as 4.6 [prothrombin time � con-
trol time in seconds] � serum bilirubin [in micromoles per
liter] /17) greater than 32 and without gastrointestinal
bleeding or bacterial infection derive a short-term benefit
from treatment with corticosteroids (40 mg of methylpred-
nisolone daily for four weeks) (13). Patients require inten-
sive nutritional support, lactulose for encephalopathy, fre-
quent checks of glucose, and close observation for infection
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TABLE 82.7
CONTRAINDICATIONS TO URGENT
LIVER TRANSPLANTATION IN CASE OF
FULMINANT HEPATIC FAILURE

Severe irreversible brain damage
Active alcohol/drug abuse
Septic shock (bacterial infection is not a contraindication)
Severe cardiopulmonary disease
Acquired immunodeficiency syndrome
Severe hemorrhagic pancreatitis
Severe adult respiratory distress syndrome
Widespread thrombosis of portal and mesenteric veins
Sustained elevation of ICP �50 mm Hg
Cerebral perfusion pressure �40 mm Hg for �2 h

ICP, Intracranial pressure.
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TABLE 82.8
FEATURES CHARACTERISTIC OF DIFFERENT CAUSES OF NONVIRAL ACUTE LIVER FAILURE

Disease Main Characteristics

Acute fatty liver of pregnancy

Alcoholic hepatitis

Amanita mushroom poisoning

Budd-Chiari syndrome, veno-occlusive disease

Drug-induced hepatitis

Ischemic hepatitis

Wilson’s disease

Autoimmune hepatitis

ALT, alanine aminotransferase; AST, aspartate aminotransferase.

Third trimester, associated with preeclampsia, hyperuricemia, hyperleukocytosis, mild
increase of aminotransferase and bilirubin values

Consistent ingestion history, pain and tenderness, fever and hepatomegaly, AST higher
than ALT with neither over about 600 International Units, normal ultrasound,
leukocytosis and left shift, mild elevation of serum alkaline phophatase, signs of chronic
alcoholism

Consistent ingestion history (lethal dose is approximately three medium-sized
mushrooms), prominent abdominal cramps, vomiting, and diarrhea after a symptom-
free interval of at least five hours

History of chemotherapy or irradiation, bone-marrow transplantation; rapid onset of
ascites, abdominal pain

Consistent ingestion history, absence of any other cause, hypersensitivity syndrome
(cutaneous rash, fever, eosinophilia)

History of hypoxia (septic or hemorrhagic shock, myocardial infarction, arrhythmias), coex-
istent renal failure, profound increase of serum aminotransferase values (�100 times
normal) with moderate increase of bilirubin, improvement with treatment of the cause

Age �30 years, family history, Kayser–Fleischer ring, Coombs-negative hemolytic anemia,
high levels of urine copper, very low concentration of serum ceruloplasmin

Young people (particularly women), presence of antiorganelle (anti-smooth muscle, anti-
liver and kidney microsome type 1, antinuclear) antibodies. Giant-cell hepatitis
(syncytial cells) may be a histological feature.

Suspicion of acute hepatitis 

Liver function tests, optional
ultrasonography (cholestatic forms) 

• Assessment of severity (Tables 82.2)
• Etiologic evaluation (Tables 82.1,3,8)

Severe hepatitis 

YesNo

Fulminant hepatitis:
ICU admission 

History of
acetaminophen

ingestion/elevated
acetaminophen

levels?

Is the patient
a transplant
candidate?
(Table 82.7) 

N-Acetylcysteine
(Table 82.3)

Referral to
a transplant

center

• Admit if
   indications
   are present
   (Table 82.6)
• Hepatology
   consult

Supportive
measures

(Table 82.4)
Figure 82.1 Management of acute hepatitis.

26410 ch 082  3/12/05  11:16 AM  Page 815



(including spontaneous bacterial peritonitis). These pa-
tients often benefit from the involvement of experienced
hepatologists (Chapter 83).

Generally, serum bilirubin and albumin measurements
and prothrombin time improve during the first 2–3 weeks
of treatment, and patients may be discharged home to fin-
ish the six weeks of steroid therapy. Follow-up by a primary
physician should be scheduled within one week of dis-
charge.

The mortality rate among patients with severe alcoholic
hepatitis is high, exceeding 60% in some series. The role of
hepatic transplantation is still uncertain (Chapter 85). Al-
though corticosteroids produce a short-term benefit in the
small subset of severely ill patients with no bacterial infec-
tion or gastrointestinal bleeding, long-term survival is
not improved. Because the prognosis of these patients is de-
termined largely by their ability to remain abstinent from
alcohol, careful long-term monitoring and appropriate
counseling are important.

Acetaminophen Overdose

Acetaminophen is the most widely used nonprescription
analgesic in the USA. If used according to package recom-
mendations, there is very little risk of liver injury. However,
it is a common putative cause of acute liver failure because
of its recognized dose-related hepatotoxicity, its easy avail-
ability, and its frequent administration in the face of other
cofactors, such as alcohol use, opiates, and starvation (5).
Of all patients with FHF, those with acetaminophen-related
liver failure have the best chances of spontaneous recovery
with supportive care. However, clinicians should be aware
of the rapidity with which liver injury evolves. Since out-
come is unpredictable, early transfer to a transplantation
unit should be considered. The monitoring should include
repeated (twice daily) measurements of serum creatiniine
and prothrombin time, two main prognostic factors. N-
acetylcysteine (NAC) is the main antidote (Table 82.3),
with survival rate being related to the rapidity of its admin-
istration (6). NAC may induce nausea and occasionally car-
diac arrythmias.

COST CONSIDERATIONS AND
RESOURCE USE

In considering the most cost-effective strategy for the man-
agement of acute liver failure, one needs to consider several
variables, including the expected survival of patients with
and without transplantation and the expected costs associ-
ated with transplantation. In 1996, the average charges for
liver transplantation in the first year were $314,500, with
an estimated annual follow-up charge of an additional
$29,100. Because many transplant programs compete for
contracts on the basis of both costs and outcomes, accept-

ing “difficult patients”, such as those with severe acute liver
failure, may provide a disadvantage to a program in the cur-
rent health care marketplace.

KEY POINTS

■ Acute viral hepatitis is, in the vast majority of cases, a
self-limited and benign disease with complete recovery
and restoration of liver function. Most patients do not re-
quire hospitalization.

■ Because severe acute hepatitis can evolve into FHF, pa-
tients with features suggesting a more severe course and
significantly impaired synthetic function should be hos-
pitalized for monitoring.

■ Fulminant hepatic failure (defined as spontaneous en-
cephalopathy or biochemical evidence of advanced
hepatocellular dysfunction) is an indication for ICU
admission.

■ The major markers of unfavorable outcome in patients
with FHF include encephalopathy, a prolonged pro-
thrombin time, or a diminished factor V level.

■ Patients with severe alcoholic hepatitis without infection
or bleeding derive a short-term benefit from corticos-
teroid therapy.

■ Early contact with a liver-transplant program is manda-
tory if the disease follows a severe or atypical course.
Liver transplantation remains the best therapeutic ap-
proach in patients with low likelihood of spontaneous
recovery.
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Cirrhosis and Its

Complications
Don C. Rockey

INTRODUCTION

Persistent liver injury leads to the clinical and pathologic en-
tity known as cirrhosis. Although hepatic injury can be
caused by a number of infectious or metabolic processes,
the eventual clinical outcomes are identical, namely a his-
tologic lesion consisting of bridging fibrosis with regenera-
tive nodules. This scarring process leads to hepatocellular
dysfunction and portal hypertension, each with attendant
clinical sequelae and manifested as liver failure, hepatic en-
cephalopathy, variceal hemorrhage, and ascites. Progressive
hepatocellular dysfunction results in hepatic encephalopa-
thy and liver failure; portal hypertension is the cause of
ascites and variceal hemorrhage.

The complications of cirrhosis highlighted above are
often life threatening. For example, the mortality rate of
patients during the first episode of acute esophageal
variceal hemorrhage is approximately 35%. Further, the 
1-year mortality rate of patients with cirrhotic ascites
approaches 50%. These poor outcomes underscore the
severity of the underlying disease process. This chapter
focuses on the major complications (ascites and sponta-
neous bacterial peritonitis [SBP], hepatic encephalopathy,
and hepatorenal syndrome) in patients with known or
presumed cirrhosis. Acute hepatitis, fulminant liver failure
(Chapter 82), and acute variceal hemorrhage (Chapter 78)
are reviewed elsewhere.

Portal Hypertension

Portal hypertension is the major complication of cirrhosis.
The portal system is normally a low-pressure system. Portal
hypertension occurs if the pressure in this system exceeds the
pressure in the inferior vena cava by more than 5 mm Hg.

Collateral vessels (varices) form as the vascular system at-
tempts to equalize the pressure between the portal and sys-
temic circulation. The most common and clinically relevant
sites in which collaterals form are in the esophagus and
stomach. Elevated portal pressure results from increased in-
trahepatic resistance and/or increased flow through the por-
tal venous system. Increased resistance probably occurs first
and is followed by an increase in flow. Both increased resis-
tance and flow are potential therapeutic targets.

Although portal hypertension most commonly results
from cirrhosis (which leads to so-called “sinusoidal portal
hypertension”), prehepatic portal hypertension (e.g.,
caused by portal or splenic vein thrombosis) and post-
hepatic portal hypertension (caused by cardiac disease or
hepatic vein occlusion) must be considered in all patients.
Altered portal hemodynamics contributes not only to varix
formation but also to ascites formation. The mechanism of
ascites formation is not entirely understood but is most
likely related to derangement of the neurohumoral axis
that regulates sodium and water excretion.

Practical Approach to the Patient
with Cirrhosis

When approaching the patient with possible cirrhosis, it is
important to search for evidence of chronic liver disease.
Clinical signs of cirrhosis include the following: spider
angiomata, distention of abdominal wall veins, ascites,
splenomegaly, muscle wasting, Dupuytren’s contractures
(especially with ethanol-associated cirrhosis), gynecomastia
and testicular atrophy in males, and palmar erythema. How-
ever, it is important to emphasize that even in patients with
histologic cirrhosis, these physical signs may not always
be present. Laboratory data provide further clues to the

83
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presence of cirrhosis as well as to the severity of the disease.
In particular, the prothrombin time, bilirubin, albumin are
important. These tests are important components of the
Childs-Pugh classification (Table 85.1) and therefore are
also used to help assess the severity of the liver disease. Ad-
ditionally, the platelet count has proven to be a useful pre-
dictor of the presence of clinical portal hypertension (a
low platelet count is caused by portal hypertension,
splenomegaly, and sequestration of platelets in the spleen).

The cause of cirrhosis should be determined in all
patients. An overview of initial evaluation is shown in
Figure 83.1. The differential diagnosis of cirrhosis includes
other diseases that may cause portal hypertension or
ascites. All patients must have a careful cardiac examina-
tion, especially for constrictive pericarditis, because this
disease easily can be mistaken for primary hepatic disease
with portal hypertension. The nephrotic syndrome also can
be misconstrued as cirrhosis. Ultrasound or computed
tomography findings can suggest cirrhosis when portal
hypertension is present. However, imaging tests are inade-
quate when an assessment of parenchymal architecture
is required. Liver biopsy is the gold standard for assess-

ment of hepatic architecture and in some instances is
required to document and assess the extent of hepatic
disease. In situations in which the diagnosis is unclear, a
hepatologist should be consulted.

Although many patients (up to 40%–50%) with cirrho-
sis are asymptomatic, once a complication of cirrhosis be-
comes clinically evident, an accelerated clinical course usu-
ally ensues. Generally, the underlying severity of liver
disease dictates the clinical course. For this reason, it is im-
perative to assess the functional status of patients with liver
disease early in their course. The presence of hepatic en-
cephalopathy indicates severe hepatocellular dysfunction.
Hepatocyte function is also judged by measurement of the
prothrombin time, because hepatocytes synthesize clotting
factors. An elevated prothrombin time in the absence of
malnutrition or obstruction of the biliary system strongly
suggests severe functional impairment. The serum albumin
level also is used to judge hepatocellular function. In a
patient with known liver disease, ascites strongly suggests
portal hypertension and is also a sign of advanced disease.
Such data allow a rapid assessment of the patient’s clinical
state and should be sought upon admission to the hospital.
Child’s classification, or the Child-Pugh score (Table 85.1), is
a semiquantitative assessment of these and other factors
that readily allows clinical ascertainment of the patient’s
clinical status, a discussion of prognosis with the patient,
and a common ground for review of the literature. Recently,
the MELD (model for end-stage liver disease) scoring system
has been used to help assess the severity of liver disease. This
quantitative scoring system calculates a single number
based on the patient’s bilirubin, prothrombin time, and cre-
atitine and, unlike the Child-Pugh score, does not rely on
subjective assessments, such as the degree of encephalopa-
thy or the severity of ascites. Nonetheless, the Child-Pugh
system remains useful for assessing the severity of the un-
derlying liver disease. For example, the 1-year survival of pa-
tients with Child-Pugh class C disease is less than 50%.

Once a patient with cirrhosis presents with a complica-
tion, an assessment should be made as to patient’s the
suitability for liver transplantation (Chapter 85). This is be-
cause the prognosis of the cirrhotic patient in the face of
one of the known complications of cirrhosis is generally
very poor, and the 5-year survival rate with transplantation
approaches 70%. Consultation with an experienced hepa-
tologist should be pursued early.

ASCITES

Ascites is defined as an abnormal accumulation of fluid in
the peritoneal cavity. The most common cause is portal
hypertension, but primary peritoneal disease should
be considered initially, at least once, in all patients. In
patients with a tense collection of abdominal fluid, the
diagnosis of ascites is straightforward. However, patients
with small or moderate degrees of ascites often present a
diagnostic dilemma. The physical examination is notori-
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Suspected cirrhosis 

Cholangiogram
(ERCP or percutaneous)

Review history (toxins, exposure, etc.) 

Liver tests (AST, ALT, Alk Phos,
bilirubin, PT, albumin) 

Ultrasound or computed tomography
(to evaluate parenchymal structure,

extrahepatic biliary disease and
vascular structures) + secondary testsa 

Parenchymal liver disease Biliary abnormality

Liver biopsy (optional,
but preferred) 

Figure 83.1. Evaluation of patients with suspected cirrhosis.
Evaluation follows as outlined in the algorithm. aSecondary tests in-
clude the following: hepatitis serologies (B/C), iron studies (ferritin
and iron saturation for hemochromatosis), copper studies (cerulo-
plasm, urinary copper excretion, or slit-lamp examination if the pa-
tient is young or has neuropsychiatric disease), antinuclear antibody
(autoimmune hepatitis), antimitochondrial antibody (primary biliary
cirrhosis). Alk Phos, alkaline phosphatase; ALT, alanine aminotrans-
ferase; AST, aspartate aminotransferase; ERCP, endoscopic retro-
grade cholangiopancreatography; PT, prothrombin time.

26410 ch 083  3/12/05  11:17 AM  Page 820



ously unreliable for detection of up to 5 L of fluid in the
abdominal cavity. Thus, if there is any question as to the
presence or absence of ascites, ultrasound should be per-
formed because it is extremely reliable, relatively simple,
and inexpensive.

Issues at the Time of Admission

An important consideration in the care of patients with as-
cites is determining whether admission is required. Patients
should be considered strongly for admission if they present
with fever, abdominal pain, volume depletion or severe
volume overload, altered mental status, or severe hypona-
tremia (�115 mEq/L). These clinical features often suggest
spontaneous bacterial peritonitis (see below).

Additionally, it is imperative to determine the cause
of ascites. Although the majority of patients admitted to
the hospital with ascites have liver disease and portal
hypertension underlying their ascites, other causes  must be
excluded (Table 83.1). For this reason, all patients with
new-onset ascites should undergo diagnostic paracentesis.
Diagnostic paracentesis is performed with a large (16-
gauge) catheter with or without local anesthesia. Paracen-
tesis can be performed in either the lower quadrant or the
midline; the left lower quadrant is probably the safest. In
general, the measurement of the ascites fluid albumin level
is mandatory in patients undergoing diagnostic paracente-
sis, and the result is used to measure the serum-ascitic fluid
albumin gradient. Diseases with a portal hypertensive basis
have a high gradient (�1.1 g/dL); those associated with pri-
mary peritoneal disease (e.g., tuberculous peritonitis or car-
cinomatosis) have a low gradient. It is important to em-
phasize that a high gradient is present in patients with
mixed processes (i.e., portal hypertension and a peritoneal
disorder). Ascitic fluid WBC has become the gold-standard
test for the diagnosis of SBP (see later in this chapter) and,
therefore, is required in all patients in whom this diagnosis
is possible. The clinical situation dictates the use of other
diagnostic tests. For example, amylase level may be useful
in patients with a history of pancreatitis to exclude pancre-

atic ascites, triglyceride measurements should be obtained
in those with cloudy fluid to exclude chylous ascites, and
cytology is important if malignancy is a possibility.

Issues During the Course of Hospitalization

An algorithm for diagnosis and management of ascites is
shown in Figure 83.2. Because sodium retention is a key
element in cirrhotic ascites, sodium restriction is a highly ef-
fective—but poorly complied with—therapy for patients
with ascites. Upon admission to the hospital, sodium intake
initially should be restricted to 1,000 mg/d (44 mmol/d).
Sodium can be restricted to as low as 250 mg/d; however,
upon discharge, patients rarely comply with this degree of
sodium restriction, and thus it is more realistic to institute a
more lenient degree of restriction. Diuretics are used to
promote additional sodium loss. Diuresis usually is begun
with spironolactone (100 mg/d). If spironolactone alone is
ineffective, furosemide usually is added (beginning at
20 mg/d). After diuresis has been induced (a target level is
500–1,000 mL/d in those with peripheral edema, and no
more than 500 mL/d in those without edema), sodium re-
striction and diuretic dose may be tailored to appropriate
outpatient levels. During sodium restriction and diuretic
therapy, renal function and electrolyte levels should be
monitored closely. All patients with elevated creatinine lev-
els should have a careful analysis of urine and a formal cre-
atinine clearance performed. Serum creatinine must be in-
terpreted with caution, as it correlates poorly with renal
function in cirrhotic patients. Patients with ascites often
have impaired water excretion, and thus hyponatremia is
common. Diuretics often compound the problem, al-
though the pathogenesis of hyponatremia in this setting is
unclear. Free water restriction is not always necessary in pa-
tients with ascites, particularly in those without hypona-
tremia. However, in patients with hyponatremia, free water
restriction at a level of 1 to 1.5 L/d usually is required.

Approximately 20% of patients have ascites that is seem-
ingly refractory to sodium restriction and diuretics. Although
this is often because of poor compliance, these patients pre-
sent difficult management problems. Large-volume paracente-
sis (5–10 L at a time) is effective for short-term removal of
fluid and provides rapid symptomatic relief. Although large-
volume paracentesis is generally safe, it is associated with
functional changes in hemodynamics and plasma renin
activity, and it can be complicated by renal impairment,
dilutional hyponatremia, and hepatic encephalopathy. Con-
troversy surrounds the use of volume expanders immediately
after large-volume paracentesis. Use of intravenous albumin
(8 g per liter of ascitic fluid removed) prevents many of the
hemodynamic alterations associated with paracentesis and
represents a sensible adjunct to large-volume paracentesis.
Unfortunately, intravenous albumin is extremely expensive
and, moreover, does not alter outcome compared with other
less effective volume expanders such as dextran-70 or polyge-
line (1). If volume expansion is deemed essential, albumin is
still the preferred agent despite its cost.
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TABLE 83.1
CAUSES OF ASCITES

Cirrhosis (any cause)a

Congestive heart failurea

Renal failure
Pancreatic ascites
Chylous ascites
Tuberculosis
Metastatic peritoneal carcinomatosis
Myxedema
Connective tissue disease
Eosinophilic gastroenteritis
Bilious ascites
Primary peritoneal carcinomatosis

a high serum-albumin ascites gradient
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Figure 83.2 Evaluation and treatment of ascites. Cr, creatinine; TIPS, transjugular intrahepatic 
portosystemic shunt.

Peritoneovenous shunting can be highly effective for treat-
ment of refractory ascites. This intervention leads to in-
creases in glomerular filtration rate and decreases in serum
aldosterone and plasma renin activity. However, frequent
complications, including shunt occlusion, low-grade dis-
seminated intravascular coagulopathy, and sepsis, have
dampened enthusiasm for this procedure. Moreover, in a
randomized controlled trial, peritoneovenous shunting did
not result in increased survival compared with large-volume
paracentesis or standard diuretic therapy (2). Finally, be-
cause peritoneovenous shunting may lead to recurrent SBP,
venous thrombosis, and peritoneal fibrosis, the use of peri-
toneovenous shunting is not recommended in patients who
are or may become candidates for liver transplantation.

The transjugular intrahepatic portosystemic shunt (TIPS) is
an effective management strategy for some patients with

refractory ascites (3). TIPS is performed via a transjugular
approach and creates a shunt from the portal vein to the
central venous system (Figure 83.3). A TIPS behaves like a
side-to-side portocaval shunt. In selected patients, a TIPS
results in resolution of ascites or a significant reduction in
diuretic requirements, and appears to be associated with an
apparent improvement in nutritional status (4). However,
complications are common (Table 83.2). Additionally,
patients undergoing a TIPS require careful follow-up be-
cause of the high incidence of shunt stenosis. Finally, in
randomized trials of TIPS versus medical management in
patients with refractory ascites, results have varied, but the
consensus view is that TIPS does not improve the mortality
rate compared with large-volume paracentesis (5, 6). Thus,
although TIPS can be highly effective therapy for certain
patients with refractory ascites, caution is required, and a

Serum-ascites albumin gradient
>1.1 (portal hypertensive)

Serum-ascites albumin gradient
<1.1 (non-portal hypertensive)

Response

Large volume paracentesis or TIPS

No response

Consider liver transplantation Monitor electrolytes/Cr

Response

Response

No response

Evaluate for possible cirrhosis (Figure 83.1)

Diagnostic Paracentesis 

Ascites (New onset)

No response

Increase spironolactone (max 300 mg/
day), add furosemide (40-80 mg/day)

Sodium restriction (0.5 to 1 gm to start) +
Spironolactone (100-200 mg/day)

Evaluate for
cardiac disease

Evaluate for tuberculosis,
malignancy, renal disease

Parenchymal
liver disease

No liver
disease
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Liver transplantation (Chapter 85) is highly effective for
treatment of ascites. However, this therapy generally is
reserved for patients who are severely incapacitated or
who have had serious complications such as recurrent
spontaneous bacterial peritonitis, hepatic hydrothorax,
or functional renal impairment caused by diuretics. Hepa-
tology input is required for consideration of liver
transplantation.

The length of hospitalization generally depends on the
severity of the ascites, and often the degree to which elec-
trolyte or renal abnormalities dominate the clinical picture.
Because continued hospitalization often is mandated by
such renal and electrolyte problems, hospital stays are usu-
ally long, on the order of 3–5 days.

In summary, most patients with cirrhotic ascites can be
managed with a combination of sodium restriction and di-
uretics. Given the poor long-term prognosis of patients once
they have developed ascites, a decision should be made as to
whether the patient is a liver-transplant candidate. If the pa-
tient is a transplantation candidate, treatment should focus
on minimizing complications that might preclude trans-
plantation. Large-volume paracentesis is probably the best
initial approach. However, in patients with preserved renal
function and without encephalopathy, a TIPS should be con-
sidered early. Unlike surgical shunting, this procedure does
not alter the later ability to perform transplantation. The cost
of TIPS maintenance in this situation also is minimized by
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Figure 83.3 Radiographic example of TIPS. A TIPS is by creating a tract from the portal vein to
the central venous drainage of the liver. Panel A. shows the portal venous anatomy in a patient with
clinical portal hypertension and ascites prior to TIPS; prior to TIPS placement, varices are prominent.
In B. varices are absent after the shunt is sucessfully created and portal pressure is dramatically re-
duced. Placement of a sucessful shunt results in correction of the hepatic venous pressure gradient.
TIPS, transjugular intrahepatic portosystemic shunt. (Images courtesy of Paul Suhocki, M.D., Duke
University Medical Center).

TABLE 83.2
COMPLICATIONS OF TRANSJUGULAR
INTRAHEPATIC PORTOSYSTEMIC
SHUNT (TIPS)

Procedure-related

Perihepatic hemorrhage
Sepsis
Cardiac arrhythmia
Puncture of hepatic vein/inferior vena cava
Neck hematoma

Portosystemic shunting–related

Hepatic encephalopathy
Hyperbilirubinemia
Rapidly progressive deterioration in liver or renal function

Other

TIPS hemolysis

A B

hepatologist should be involved in all cases prior to this in-
tervention for patients with refractory ascites. TIPS is not
recommended in certain patients with advanced liver dis-
ease, such as those with elevated bilirubin (greater than 5
mg/dL) or elevated prothrombin time (INR �2.5). The use
of TIPS in patients with varices is covered in Chapter 78.
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the finite time period for which it is required. In patients
who are not transplant candidates, management is much
more difficult, but therapeutic options remain the same.

Discharge Issues

The most critical aspect of care for the patient with ascites
is optimization of sodium balance, fluid intake, diuretics,
electrolytes, and renal function. Overly aggressive diuresis
may contribute to development of hepatorenal syndrome
in some patients. Therefore, electrolytes and volume sta-
tus must be monitored carefully as patients make the
transition from the inpatient to the outpatient setting. It is
imperative that patients be discharged on a reasonable di-
uretic regimen, and that they have follow-up within 1
week after discharge. Significant changes in the diuretic
regimen close to the time of discharge are strongly dis-
couraged.

Chronic oral antibiotic therapy should be considered for
all patients with ascites, as this intervention reduces the risk
of subsequent SBP (7). Several regimens exist, the best of
which appear to be trimethoprim-sulfamethoxazole or
ciprofloxacin given as a single daily dose or 3 times per
week. All patients with cirrhosis should receive vaccination
against hepatitis A. They should also be vaccinated against
hepatitis B, if hepatitis B is not the cause of their disease
and they are not already immune.

SPONTANEOUS BACTERIAL
PERITONITIS (SBP)

SBP is a common complication in patients with liver dis-
ease and ascites. SBP is defined as infection of preexisting
ascitic fluid in the absence of an intraabdominal primary
infection. The diagnosis of SBP rests upon analysis of ascitic
fluid. The diagnosis is established in the setting of an ele-
vated polymorphonuclear leukocyte (PMN) count (�250
PMNs per cubic millimeter) in the presence of a positive
culture for bacteria. Variants of SBP include “neutrocytic”
ascites, in which a high PMN count is present but bacteria
are not identified, and “bacterascites,” in which the PMN
count is low but bacteria are isolated from ascitic fluid.

Issues at the Time of Admission

The clinical presentation of SBP is highly variable. The clas-
sic presentation is with fever or abdominal pain. Some pa-
tients may be minimally symptomatic, at least initially, and
any abrupt clinical change (e.g., worsening encephalopa-
thy) in the patient with liver disease should raise suspicion
for SBP. Furthermore, approximately 33% of patients with
infected ascites present to the hospital without symptoms
or signs of SBP; the prevalence of SBP at the time of hospi-
tal admission of patients with ascites is about 25%. Thus, a
high index of suspicion for all patients with cirrhosis and

ascites is required to make this diagnosis, and those with
ascites who require hospitalization should probably
undergo diagnostic paracentesis.

A positive ascitic fluid culture is required to make a defini-
tive diagnosis of SBP. However, the culture is imperfect
because of its low sensitivity (which can be improved by in-
noculating 10 mL of ascitic fluid into blood-culture bottles)
and the long lag time before results are known. Thus, the
PMN count in ascitic fluid has become used widely for the
diagnosis of SBP. The differential diagnosis of SBP is rela-
tively limited; the main alternative diagnosis is secondary
peritonitis. An extremely high PMN count (�5,000/�L)
should raise the possibility of secondary peritonitis caused
by a perforated viscus or other intraabdominal process. Fur-
ther diagnostic studies (including abdominal computed to-
mography scan) are required in this setting.

Although most patients with SBP require hospitaliza-
tion, there is a small subgroup of patients who may be able
to be managed in the outpatient setting. These patients usu-
ally are relatively well compensated clinically, compliant,
and present without evidence of sepsis. Consultation with
a specialist and assurance of close follow-up are required if
outpatient management is being contemplated.

Issues During the Course of Hospitalization

Without appropriate therapy, the mortality rate of SBP is
high. Antibiotics are the cornerstone of therapy. Recent
studies have suggested that selected patients can be treated
with short courses of antibiotics and even with outpatient
regimens (see above). Antibiotics are tailored to the specific
organisms typically isolated from ascitic fluid. Because this
process appears to result from translocation of bacteria
from bowel to ascitic fluid, the most frequently isolated or-
ganisms are enterobactericiae. Gram-positive cocci, includ-
ing Streptococcus pneumoniae and Enterococcus species, are
also common. Anaerobes are rarely isolated.

The best initial antibiotic choice is a parenteral third-
generation cephalosporin, such as ceftriaxone or cefo-
taxime. �-lactam/�-lactamase combinations also provide
excellent coverage with little toxicity. Aminoglycosides
should be avoided because of renal toxicity. The clinical
response to antibiotics is usually good. If patients do not
respond within 48 hours, other processes (Table 83.3)
should be considered. If specific culture results are avail-
able, antibiotic coverage should be changed accordingly.
The optimal duration of therapy for SBP is unknown but
should be tailored to the individual clinical scenario. Gen-
erally, a 5-day course is adequate, some of which may be in
the form of oral antibiotics. Repeat paracentesis may be an
important tool in determining the length of antibiotic ther-
apy. In patients with definite clinical improvement, a re-
peat paracentesis is usually not necessary, although some
clinicians prefer to switch to oral antibiotics after the PMN
count is below 250/�L. On the other hand, repeat paracen-
tesis is essential in patients with an atypical course or in
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those who have persistent symptoms or signs. It is also
helpful in those with bacterascites (a positive culture, with
low PMN count) and a benign clinical course. In general,
repeat paracentesis should be performed liberally in pa-
tients with SBP because it can help assess response to ther-
apy. Intravenous albumin (1.5 mg/kg at the time of diag-
nosis, followed by 1.0 mg/kg daily) is an expensive
intervention but does improve renal function and mortal-
ity in patients with SBP, and should be considered (8).

The length of hospitalization depends on the severity of
illness. In patients with uncomplicated SBP, hospitaliza-
tion is generally short (2–3 days). In patients with severe
SBP or those with SBP and another problem such as
variceal hemorrhage or hepatic encephalopathy, hospital-
ization is often much longer (5–7 days).

Discharge Issues

A complete course of appropriate antibiotics should be
completed or planned at the time of discharge. Patients
with SBP usually should receive chronic prophylactic an-
tibiotics because one episode of SBP identifies the patient
who is at risk for further episodes. If appropriate, vaccina-
tion against hepatitis A and B should be provided.

HEPATIC ENCEPHALOPATHY

Hepatic encephalopathy is common in patients with
chronic liver disease and is a frequent indication for hospi-
tal admission. Its diagnosis is based on the presence of
specific neurologic symptoms and signs in patients with
advanced liver disease (Table 83.4). Importantly, the diag-
nosis of hepatic encephalopathy also requires exclusion of
other causes of encephalopathy.

Issues at the Time of Admission

Although the diagnosis of encephalopathy as a clinical en-
tity is straightforward, a differential diagnosis of the cause
of encephalopathy in patients with known liver disease
must be formulated in all cases. It is critical to consider
metabolic encephalopathy (i.e., Wernicke-Korsakoff syn-
drome, hypoglycemia, electrolyte disturbances, ethanol
intoxication), central nervous system infection, and struc-
tural lesions such as subdural hematoma. An ammonia
level may be helpful in patients with a previous history of
abnormal ammonia levels. However, this test must be in-
terpreted with caution because its sensitivity and specificity
are imperfect. In contrast, cerebrospinal fluid glutamine levels
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TABLE 83.3
CONSIDERATIONS IN PATIENTS FAILING TO IMPROVE AFTER EMPIRIC THERAPY FOR SPONTANEOUS
BACTERIAL PERITONITIS (SBP)

Did patient really have SBP? Reason for failure Recommended approach

Yes Resistant organism (Enterococcus, Pseudomonas) Microbiologic tests, change coverage
Yes Nonbacterial pathogen (tuberculosis, fungus) Repeat history for risk factors,

microbiologic tests
Yes Concomitant other infection Further examination, urinalysis,

chest radiograph, blood cultures
No Secondary peritonitis (perforation) Abdominal computed tomography,

colon evaluation, surgical consultation
No Other process (malignancy) Review history and physical, specific tests

TABLE 83.4
STAGES OF ENCEPHALOPATHY

Stage Symptoms Signs

Subclinical Impaired work, Impaired psychomotor testing
personality changes

I Mild confusion, Fine tremor, asterixis
agitation, apathy

II Drowsiness, lethargy, Asterixis, dysarthria
disorientation

III Sleepy but arousable, Hyperreflexia, hyperventilation
marked confusion

IV Coma Decerebrate posturing,
oculocephalic reflexes intact
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have a high sensitivity and specificity for hepatic en-
cephalopathy.

Reversible predisposing factors, such as gastrointestinal
bleeding, infection, increased dietary protein level, use
of sedative drugs, and renal failure, also must be identi-
fied and corrected in patients with hepatic encephalopa-
thy. In the majority of patients, hepatic encephalopathy
results from noncompliance with a prescribed medical
regimen. In patients with ascites, diagnostic paracentesis is
essential. Head computed tomography (to exclude subdu-
ral hematoma) and lumbar puncture should be considered
strongly in patients with atypical symptoms or signs.

Issues During the Course of Hospitalization

The management of hepatic encephalopathy centers on cor-
rection of factors that precipitate or induce the altered men-
tation and decreasing production of toxins that result from
enteric bacterial metabolism of nitrogenous compounds.
Thus, sedative drugs should be discontinued, and infection,
bleeding, and electrolyte abnormalities should be corrected.
To remove toxins, dietary protein is restricted and enteric
bacteria are killed or their products purged. In patients with
mild encephalopathy, dietary protein should be restricted
to less than 40 g/d; in those with severe encephalopathy, di-
etary protein should be eliminated. In patients with severe
encephalopathy, treatment entails aggressive lactulose ther-
apy. Lactulose is given at a dose of 30 mL every two hours
until diarrhea begins. If patients cannot take oral medica-
tions because of disorientation, a nasogastric tube is recom-
mended. Once diarrhea occurs, the lactulose schedule
should be modified based on response and stool output.
Two to four loose stools per day are optimal, and profuse di-
arrhea should be avoided. Neomycin can be added (1–2 g
every 6 hours) or may be used as a substitute for lactulose;
it is unknown whether the combination of lactulose plus
neomycin is more effective than either alone. Patients who
do not respond to lactulose or neomycin within 24 hours
must be reassessed carefully, and the issues raised in Table
83.5 should be readdressed.

The length of hospital stay for patients with hepatic
encephalopathy often depends on the underlying cause. In

patients hospitalized because of simple noncompliance,
hospital stays are short (1–2 days). In those with severe un-
derlying processes, however, hospital stays are longer (5–7
days).

Discharge Issues

Patients should be discharged only after their mental status
has cleared and after a stable dosage of lactulose (or
neomycin) has been achieved. Patient education is essen-
tial: all patients should be seen by a dietitian with expertise
in liver-related diseases and placed on an appropriate diet.
Follow-up and compliance are important. Thus, precise
discharge instructions to the patient and care providers are
essential. If appropriate, patients with cirrhosis should re-
ceive vaccination against hepatitis A and B.

HEPATORENAL SYNDROME

The hepatorenal syndrome is a common and extremely
problematic complication of cirrhosis. It is characterized by
intense activation of the renin-angiotensin-aldosterone
system, with pronounced vasoconstriction of the renal cir-
culation, which results in marked reduction of renal blood
flow and glomerular filtration rate. The hepatorenal syn-
drome has been subtyped into two categories, which are
likely to differ mechanistically and require divergent thera-
pies. Type I is characterized by rapidly progressive deterio-
ration in renal function, defined by a doubling of the
serum creatinine to a value of more than 2.5 mg/dL or a
50% reduction of creatinine clearance to a level less than 20
mL/min in less than two weeks. Type II is characterized by
a more moderate and slowly progressive reduction of
glomerular filtration rate. One common thread in both
forms of hepatorenal syndrome is the presence of vasocon-
strictive compounds (including endothelin 1 and an-
giotensin II) in the afferent renal circulation.

Issues at the Time of Admission

The diagnosis of hepatorenal syndrome is established in
the patient with rising creatinine and oliguria by documen-
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TABLE 83.5
CONSIDERATIONS IN PATIENTS FAILING TO IMPROVE AFTER EMPIRIC THERAPY FOR
HEPATIC ENCEPHALOPATHY

Does the patient really
have hepatic encephalopathy? Reason for failure Recommended approach

Yes Inadequate treatment Increase lactulose, add neomycin
Yes Worsening liver function Evaluate for transplantation, specialist consultation
No Electrolyte abnormalities Check sodium, calcium; correct abnormalities
No Subdural hematoma or Careful examination and/or

other structural lesion head computed tomography
No Meningitis Review history and physical, lumbar puncture
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tation of low urinary sodium (�10 mEq/L) in the absence
of intravascular volume depletion. Acute tubular necrosis
(Chapter 100) resulting from contrast dye, nonsteroidal
anti-inflammatory agents, or aminoglycosides is important
to exclude; such patients often have high urine sodium lev-
els. Because hypovolemia is often difficult to differentiate
from hepatorenal syndrome, a volume challenge of at least
1 L of colloid is required, and in some instances central
pressure monitoring is indicated. Obstruction and intrinsic
renal disease also must be excluded; therefore, ultrasound
and examination of the urine sediment are also important.

Issues During the Course of Hospitalization

Treatment is generally unsatisfactory, and prognosis is
extremely poor. It is imperative to identify and discontinue
potentially nephrotoxic compounds. Attention to volume
is the most critical aspect of management. Intravascular
volume depletion should be reversed if present; volume
repletion is often best performed in an intensive care unit
setting with central venous pressure monitoring. Medical
therapy is generally ineffective, although there are some
data indicating that the combination of prolonged orni-
pressin (a vasopressin-like peripheral vasoconstrictive sub-
stance) and plasma volume expansion with albumin may
result in suppression of vasoconstrictor activity, improve-
ment in glomerular filtration rate, and reversal of the hep-
atorenal syndrome (9). Another report suggested that the
combination of midodrine and octreotide may reverse type
I hepatorenal syndrome (10). TIPS, hemodialysis, and por-
tocaval shunts have been reported to lead to reversal of
hepatorenal syndrome in some cases, but controlled data
to support their use are not available. Although liver trans-
plantation may be appropriate in some instances, and the
3-year survival approaches 60% in patients with hepatore-
nal syndrome who undergo transplantation, many of these
patients have extremely difficult postoperative courses.
Hepatology and nephrology input is essential.

Discharge Issues

Unfortunately, the vast majority of patients with type I
hepatorenal syndrome who do not undergo liver transplan-
tation die. For those with type II hepatorenal syndrome,
careful attention to volume status and electrolytes is
essential. Consultation with a palliative care service is ap-
propriate for patients who do not improve and who are not
transplant candidates (Chapter 19).

COST CONSIDERATIONS AND
RESOURCE USE

Care of patients with cirrhosis is extremely costly because of
the severity of the underlying disease process. Complica-
tions requiring hospitalization in this patient population
lend themselves to long and often complicated stays. In-

deed, a number of clinical findings preclude discharge
(Table 83.6). Because of the degree of chronic debilitation
in many of these patients, efforts to encourage ambulation
and improve nutrition early in the hospital course are
imperative. Patient education is particularly critical in all
patients with cirrhosis and its complications. Because these
disorders are chronic and generally not reversible, patient
education (Figure 83.4) improves compliance and reduces
cost by decreasing the need for future hospitalization.

In patients with esophageal varices or ascites, hospital-
izations and cost can be reduced by prophylactic therapy.
For example, prophylactic antibiotics in patients with ascites
reduce the risk of SBP and thus of hospitalization. Addi-
tionally, �-blockers reduce the risk of future variceal hemor-
rhage and should be considered in all patients, especially
those with large varices (Chapter 78). A detailed discussion
of the prophylactic management of varices is beyond the
scope of this chapter, but options include sclerotherapy,
banding, and TIPS. Each technique has important advan-
tages and disadvantages. In patients randomized to TIPS or
sclerotherapy, TIPS is associated with a lower rate of
rebleeding but no mortality advantage. Banding appears to
be safer and more effective than sclerotherapy, but this
technique has not been directly compared to TIPS.

Finally, a recent study found that, in patients with
chronic hepatitis B and advanced liver disease, continuous
treatment with lamivudine significantly reduced the rate of
hepatic decompensation and progression to hepatocellular
carcinoma (11).
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TABLE 83.6
HIGH-RISK CRITERIA THAT HELP
IDENTIFY PATIENTS NOT READY FOR
DISCHARGE

Ascites

Sodium �120 meq/L
Fever or abdominal pain
BUN:creatinine �25:1 ratio
Rising creatinine or declining urine output
Major changes in diuretic regimen within previous 24 h
Altered mental status
Deteriorating liver function
Persistent tense ascites

Variceal hemorrhage

Persistent melena
Systolic blood pressure �90 mmHg, heart rate �120/min
Altered mental status
Deteriorating liver function

Hepatic encephalopathy

Persistent alteration in mental status
Unstable lactulose or neomycin regimen
Deteriorating liver function

BUN, blood urea nitrogen.
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KEY POINTS

■ Development of complications of portal hypertension or
evidence of hepatocellular dysfunction herald an accel-
erated course that typically is associated with substantial
morbidity and mortality rates.

■ Ascitic fluid albumin and white count with differential
are required in those undergoing diagnostic paracentesis.

■ The cornerstone of management of ascites is careful
adjustment of diuretics, fluid, and electrolytes. Most
cases do not require other interventions such as TIPS.

■ The diagnosis of spontaneous bacterial peritonitis is
often subtle and may be manifested by low-grade

fever, change in mental status, or general clinical deterio-
ration.

■ Spontaneous bacterial peritonitis and gastrointestinal
bleeding must be excluded in the patient with new or
worsening hepatic encephalopathy.

■ Aminoglycosides and all potential nephrotoxins should
be avoided in cirrhotic patients.

■ Patients with a new diagnosis of cirrhosis or any of its
complications should be referred early for consideration
of liver transplantation.
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Cirrhosis
Your doctor has diagnosed you with cirrhosis. Cirrhosis is a
scarring process of the liver caused by many years of injury to
the liver (this can be caused by a virus, alcohol, too much iron
or copper, an autoimmune disease, or a disease of the bile
ducts). You may also have one of the many complications of
cirrhosis which include ascites, intestinal bleeding, or
encephalopathy. Ascites is a condition in which too much fluid
accumulates in the abdomen. This can make you uncomfort-
able and/or can lead to infections. Treatment for this is usually
done by removing fluid either with fluid pills or a needle.
Intestinal bleeding occurs when veins in your stomach or
esophagus rupture. This can be prevented by putting small
bands on the veins or by taking medication that reduces the
pressure in them. Encephalopathy refers to clouded thinking or
confusion. This is caused because the liver can not clear out
bad toxins from the system. It is treated by removing toxins
from the intestinal tract with medicine (usually lactulose).

Follow-up Care
Follow-up with your physician is essential to your ongoing
care.  An appointment has been scheduled with:

Dr.________________________________________________

Phone number______________________________________

Date____________________   Time____________________

If you develop fever, shaking chills, vomiting, confusion, black 
stools, or abdominal pain or redness, you should call your 
doctor or go to the clinic or emergency room.  Because your 
doctors are trying to control your liver disease with medicines, 
it is imperative that you take your medicine exactly as 
prescribed.  If your doctor has advised you to avoid salt and 
water, it is also important that you follow this advice.

Figure 83.4 Sample patient discharge instructions for cirrhosis
and its complications.
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Disorders of the 

Biliary System
Douglas B. Nelson Paul Druck Martin L. Freeman

INTRODUCTION

Extrahepatic biliary-tract disease is most commonly associ-
ated with gallstones or neoplasia. Less common causes in-
clude inflammatory conditions such as primary sclerosing
cholangitis, chronic pancreatitis, trauma or surgical injury,
congenital anomalies, parasitoses, and primary infectious
diseases such as HIV. Gallstone disease is by far the most
common cause; it is estimated that 20 million adults in the
United States have gallstone disease, and approximately
600,000 cholecystectomies are performed annually (1).
Gallstones are composed primarily of cholesterol, as a result
of cholesterol supersaturation of bile (75% of cases), or pig-
ment, as a result of excessive secretion of bilirubin coupled
with bacterial deconjugation of soluble glucuronides (25%
of cases). In the absence of bile-duct abnormalities, the ma-
jority of gallstones form in the gallbladder. Epidemiologic
correlates of cholesterol gallstones include advancing age,
gender (female predominance prior to menopause), obe-
sity, and race (increasing prevalence from African-American
to Caucasian to Native-American). Pigment stones are asso-
ciated predominantly with advancing age, cirrhosis, chronic
hemolytic states, and chronic biliary-tract infections and are
relatively more common in Asians (2).

Disorders of the biliary system most commonly become
manifest as a result of obstruction, and the clinical presen-
tation varies with the level of the obstruction. Figure 84.1
shows the relevant anatomy of the biliary tract. Bile can-
naliculi join to form progressively larger bile ductules and
then bile ducts. Anatomically, segmental bile ducts coa-
lesce into the right and left hepatic ducts, which then unite
to form the common hepatic duct. The junction of the cys-
tic duct, communicating with the gallbladder and the
common hepatic duct, forms the common bile duct. The

pancreatic duct merges for a short but variable distance
with the common bile duct at its terminus to empty into
the duodenum at the ampulla of Vater.

Most gallstones reside in the gallbladder without caus-
ing symptoms (approximately 20% of patients develop
symptoms within 15–20 years). However, stones that im-
pact at any point from the cystic duct to the pancreaticobil-
iary junction can produce a variety of clinical symptoms
and syndromes (Figure 84.1). The pathophysiology of gall-
stone-associated biliary-tract disease may involve contrac-
tile dysfunction of the gallbladder or cystic duct obstruc-
tion (biliary colic), cystic duct obstruction with infection of
gallbladder or its contents (acute cholecystitis), common
bile-duct obstruction (pain, obstructive jaundice, or pancreati-
tis), or bile-duct obstruction with superimposed infection
(acute cholangitis). The pathophysiology of acalculous chole-
cystitis has not been elucidated fully.

Traditionally, biliary colic (episodic right upper quadrant
or epigastric visceral-type pain with radiation to the sub-
scapular area, often accompanied by nausea) has been at-
tributed to transient obstruction of the cystic duct or neck
of the gallbladder by a gallstone. This generally occurs post-
prandially and is relieved after a few hours when the ob-
structing stone returns to the gallbladder or passes into the
common bile duct. Less commonly, the syndrome may be
produced by transient common bile-duct obstruction or by
gallbladder dysfunction as demonstrated by gallbladder
emptying studies.

If the stones persist in obstructing the gallbladder, acute
cholecystitis may occur. Acute cholecystitis is characterized
pathologically by an acute inflammatory infiltrate of
the gallbladder wall with thickening, arterial and venous
dilation and engorgement, and occasionally areas of is-
chemic necrosis. Such necrotic foci may cause gallbladder

84
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perforations, which usually are contained by adjacent ad-
herent viscera and omentum to produce pericholecystic ab-
scesses. Uncommonly, the perforations may be free (un-
contained) and produce generalized peritonitis. In
40%–60% of cases, the bile is infected with enteric organ-
isms. If there is progression to frank suppuration, empyema
of the gallbladder occurs. Necrosis of the gallbladder may oc-
cur (gangrenous cholecystitis), and if the gallbladder is in-
fected with gas-producing organisms, air may be visible
within its wall on abdominal film, computed tomography
(CT), or ultrasound (emphysematous cholecystitis). Long-
standing obstruction may lead to reabsorption or degrada-
tion of bilirubin, producing colorless bile (hydrops of the
gallbladder). Pathogenetic mechanisms of cholecystitis in-
clude bacterial invasion of the gallbladder wall, irritation
caused by lysolecithin produced by action of phospholi-
pase on bile phospholipids, and mucosal ischemia sec-
ondary to gallbladder distention.

Total parenteral nutrition (TPN)–associated cholecystitis is
not a consequence of TPN administration but of the un-
derlying fasting state that precipitates the use of TPN. Fast-

ing has been shown to rapidly lead to the development or
progression of gallbladder sludge and stones, which may
result in calculous (obstructive) cholecystitis. When this
occurs in a postoperative or critically ill patient, the clas-
sic signs and symptoms of cholecystitis may be obscured
by the underlying disorder(s), leading to a delay in diag-
nosis. TPN-associated cholecystitis is distinct from acal-
culous cholecystitis, which also may occur in a critically ill
patient.

In postoperative, post-trauma, and other critically ill
patients, “acute acalculous cholecystitis” may occur in the
absence of stones or obstruction of the cystic duct. This
condition is distinguished pathologically from acute cal-
culous cholecystitis by arterial occlusions, lack of venous
filling, and widespread necrosis of gallbladder wall and
vessels. These findings, when combined with the strong
association with hypotension, use of vasoconstrictor
agents, Gram-negative sepsis, and positive pressure venti-
lation, support the role of splanchnic ischemia as the pre-
cipitating cause. Because of this pathophysiology, acalcu-
lous cholecystitis may occur in the absence or presence of
gallstones. If stones pass into or form within the common
bile duct, obstruction to bile outflow may occur, and this
may lead in turn to acute cholangitis. The pathophysiology
of acute cholangitis requires two components: bacterial
colonization of biliary tract and increased pressure within
the biliary tract because of obstruction. Bacterial coloniza-
tion of the normally sterile biliary tract is thought to oc-
cur through one of three pathways: from duodenal reflux
through an incompetent sphincter of Oddi, from an in-
fected gallbladder, or from the portal venous system. The
similarity between the microbiology of acute bacterial
cholangitis and that of normal colonic bacterial flora sug-
gests the latter as the most likely source. Bacteria entering
the portal venous system from the intestine gain access to
the biliary tree through the hepatic parenchyma. Under
normal circumstances, flow of bile prevents colonization;
however, obstruction caused by stones, strictures, or tu-
mors may result in bacterial proliferation and infection.
With increased bile-duct pressure resulting from obstruc-
tion, large quantities of bacteria can enter the systemic ve-
nous circulation, resulting in the clinical syndrome of
sepsis.

Biliary tract obstruction is most commonly caused by
choledocholithiasis, which accounts for 60%–80% of cases.
Malignant biliary strictures can lead to obstruction at various
levels of the extrahepatic and intrahepatic biliary tree,
but they rarely cause cholangitis. However, in patients with
malignant biliary obstruction, occlusion of endoscopically-
or percutaneously-placed biliary stents and stenosis of surgi-
cal bypass anastomoses often do result in cholangitis. Other
principal causes of biliary obstruction include benign
strictures from inflammatory conditions, extrinisic obstruc-
tion caused by chronic pancreatitis, bile-duct injury resulting
from biliary-tract surgery, or stenosis of surgical biliary-
enteric anastomoses. Uncommon causes of obstruction
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Figure 84.1 Illustration of biliary-tract anatomy, with obstruc-
tion caused by gallstones at various sites and their associated clin-
ical manifestations. 1. Gallstones in gallbladder; asymptomatic in
most cases, unless impacted in neck or cystic duct. 2. Gallstone in
cystic duct; biliary colic if transiently obstructed; acute cholecystitis
if impacted and infected. 3. Gallstone in common bile duct; pain,
jaundice, or abnormal liver chemistries, with or without cholangitis,
if obstructing; may be minor or no symptoms if nonobstructing.
4. Gallstone in distal bile duct (common channel with pancreatic
duct); gallstone pancreatitis in some cases; may impact transiently,
or pass into duodenum asymptomatically.
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include congenital choledochal cysts, pancreatic pseudocyst,
chronic parasitic infestation, and AIDS cholangiopathy.

ACUTE CHOLECYSTITIS

Issues at the Time of Admission

Approximately 15% of patients harboring gallstones de-
velop acute cholecystitis. The syndrome often begins with
symptoms indistiguishable from ordinary biliary colic,
which precedes the acute episode in 60%–70% of cases. Un-
like biliary colic, which rarely lasts for more than a few
hours, the symptoms of acute cholecystitis are unrelenting.
As many as 70% of patients are afebrile on presentation; the
remainder have low-grade fever. Marked right upper quad-
rant tenderness is almost always present and helps distin-
guish acute cholecystitis from biliary colic. Murphy’s sign
(inspiratory arrest during right upper quadrant palpation) is
typical but not pathognomonic. With more advanced
disease and development of peritonitis in the right upper
quadrant, there may be pain on light palpation, movement,
or  coughing. A mass may be palpable, representing a
distended gallbladder or a phlegmon. Diffuse abdominal
tenderness or high fever are more consistent with other
abdominal pathologies. Only 60% of patients present with
leukocytosis, generally between 12,000 and 15,000 white
blood cells/�L (3). Mild elevation of the serum bilirubin
concentrations in the range of 2–5 mg/dL may occur,
although levels above 3 mg/dL suggest the presence of com-
mon bile duct stones. Mild asymptomatic hyperamylasemia
in the absence of pancreatitis accompanies cholecystitis in
approximately 15% of cases (4).

The differential diagnosis of acute cholecystitis includes
all conditions that cause right upper quadrant or right
hypochondrium pain and tenderness. This includes acute
cholangitis or bile-duct obstruction caused by common
bile duct stones. Clinical distinction between cholecystitis
and choledocholithiasis can be quite difficult, and rarely
do they coexist in the same patient. The distinction is im-
portant because, in general, stone disease of the gallbladder
is treated surgically, while common bile duct stones are
treated primarily endoscopically, if expertise is available.
Common bile duct stones generally are suggested by eleva-
tions of liver enzyme levels and by ductal dilation on imag-
ing studies. Perforated gastric or duodenal ulcers (Chapter
80) typically cause very abrupt onset of symptoms, are as-
sociated with more diffuse upper abdominal tenderness,
and cause pneumoperitoneum visible on upright chest
films. Acute viral hepatitis (Chapter 82) generally has a
gradual onset, often with nongastrointestinal prodromal
symptoms, and usually is associated with dramatic rises
(10- to 20-fold) in serum aminotransferases. Acute pancre-
atitis (Chapter 86) is distinguished by more tenderness to
the left of midline than in acute cholecystitis, and by
marked elevations in serum amylase and lipase. Other

diagnoses to consider include appendicitis, pyelonephritis,
gonococcal perihepatitis, and acute hepatomegaly from
right ventricular failure.

The two principal diagnostic imaging studies for sus-
pected acute cholecystitis are ultrasound and radionuclide
cholescintigraphy. Sonographic findings consistent with
acute cholecystitis include gallbladder wall thickening or
edema, pericholecystic fluid, gallstones impacted in the
neck of the gallbladder or cystic duct, and air in the gall-
bladder wall. The absence of these findings does not rule out
cholecystitis, nor does the simple presence of gallstones
indicate gallbladder inflammation. Ultrasound has approx-
imately 90% sensitivity and 80% specificity for acute
cholecystitis (5). The so-called “sonographic Murphy’s
sign” (point tenderness over the sonographically visualized
gallbladder fundus) may be more useful; it has approxi-
mately 90% overall diagnostic accuracy if gallstones are
present. Ultrasound is the preferred initial study in patients
with upper abdominal pain suspected of having biliary-tract
disease, because it is easily performed, readily available, and
inexpensive. In addition, it can provide useful information
about the common bile duct, pancreas, and right kidney.

Radionuclide imaging may be required if ultrasound
is nondiagnostic. Radionuclide cholescintigraphy can
demonstrate cystic duct occlusion, present in almost all
cases of acute calculous cholecystitis. Sensitivity and speci-
ficity have been reported to be as high as 97% and 95%,
respectively (5). False positives (nonvisualizing gallblad-
der) are more frequent with prolonged fasting, chronic
alcoholism, severe chronic cholecystitis, and unsuspected
prior cholecystectomy. False negatives (visualized gallblad-
der in the presence of acute cholecystitis) may be seen in
acalculous cholecystitis. The key principle is that radionu-
clide imaging assesses the patency of the cystic duct, not the
presence or absence of inflammation.

CT scanning has comparable sensitivity and specificity
to ultrasound for the signs of acute cholecystitis but is sub-
stantially less sensitive for the detection of gallstones in the
gallbladder. In addition, CT is more expensive and requires
intravenous contrast. The utility of CT scanning lies pri-
marily in excluding other intra-abdominal pathology when
ultrasound and cholescintigraphy are nondiagnostic.

Indications for Hospitalization and
ICU Admission

Acute cholecystitis requires inpatient treatment. If the diag-
nosis remains in question, hospitalization is still appropri-
ate, as most of the other conditions that can be confused
with acute cholecystitis also require hospitalization. ICU
admission is appropriate for monitoring and resuscitation
of hemodynamically unstable patients. Patients with severe
or destabilized comorbid conditions, especially coronary
artery disease, left ventricular failure, or pulmonary impair-
ment, also may require intensive care.
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Initial Therapy

During evaluation for suspected acute cholecystitis, intra-
venous fluids should be administered to correct hypov-
olemia, if present, and to provide maintenance volume
thereafter. The patient should be given nothing by mouth,
and if abdominal distention or vomiting occur, nasogastric
suction should be initiated. Surgical consultation should
be obtained within 24 hours of making the diagnosis, or
sooner if there is diagnostic uncertainty, presence of severe
symptoms (either of sepsis or local inflammation), or pro-
gressive or diffuse peritonitis. Finally, analgesics should be
administered if necessary, once the diagnosis has been con-
firmed. Morphine should be avoided as it causes sphincter
of Oddi spasm. Intravenous antibiotic therapy should be
started and selected for activity against the organisms typi-
cally implicated (i.e., Gram-negative rods, anaerobes, and
enterococci) (Chapter 64). Patients who are severely ill,
diabetic, or immunosuppressed or have failed initial ther-
apy should receive either broader-spectrum single-agent
therapy, such as piperacillin-tazobactam or imipenem, or
multiagent regimens, such as ampicillin-gentamicin-

metronidazole. Third-generation cephalosporins and aztre-
onam lack activity against enterococci, and their use as sin-
gle agents is controversial.

Issues During the Course of Hospitalization
and Discharge Issues

Approximately 75% of patients improve significantly with
the therapy previously described; the remainder have per-
sistent symptoms or suffer recurrence within the first 6–8
weeks (Table 84.1). Of those who intially resolve, more
than half will experience recurrences within the subse-
quent five years. Accordingly, cholecystectomy is definitive
therapy. Several randomized prospective trials have
demonstrated that prompt cholecystectomy performed
during the initial admission has equivalent risk and long-
term outcome as an “interval cholecystectomy” (per-
formed a few weeks later). Early cholecystectomy avoids
recurrences during the interval of observation, results in a
shorter total length of hospital stay, and incurs lower costs
(6). Preoperative preparation with antibiotics has been
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TABLE 84.1
DIAGNOSTIC CONSIDERATION IN PATIENTS FAILING TO IMPROVE
AFTER HOSPITALIZATION FOR ACUTE CHOLECYSTITIS

If the patient is being medically managed prior to cholecystectomy

Complication Action

Persistent or worsening Proceed to cholecystectomy
sepsis, development
of peritonits

Empyema Proceed to cholecystectomy
Perforation or Proceed to cholecystectomy

cholecystoenteric
fistula/gallstone ileus

Suspicion of common bile Consider ERCP
duct obstruction

If patient is post–surgical cholecystectomy

Complication Action

Prolonged ileus Obtain plain films of abdomen
Bile leak Obtain RUQ ultrasound or computed tomography to detect biloma

Obtain radionuclide cholescintigraphy to detect bile leak
Perform ERCP to confirm diagnosis and perform

sphincterotomy/place biliary stent to close bile leak
Percutaneous drainage of biloma if collection is large or infected
Surgery occasionally necessary to treat severe leak

Bile-duct stricture Perform ERCP to diagnose and stent stricture
Surgical choledochojejunostomy may be required

Bleeding Obtain computed tomography scan or angiography
Consider reexploration or angiographic therapy

Wound infection Antibiotics
Consider re-exploration, debridement for severe cases

ERCP, endoscopic retrograde cholangiopancreatography; RUQ, right upper quadrant.
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shown to reduce septic complications of cholecystitis.
Thus, optimal management of acute cholecystitis consists
of prompt diagnosis, stabilization, and amelioration of
fever and septicemia with intravenous antibiotics,
followed by prompt cholecystectomy. Emergency chole-
cystectomy is rarely indicated, but is appropriate for dif-
fuse peritonitis, severe or unimproving sepsis without
concomitant common bile duct obstruction, or gas in the
gallbladder wall (i.e., emphysematous cholecystitis sug-
gesting gangrene of the gallbladder). Laparoscopic cholecys-
tectomy has become the preferred approach, although
there are cases in which contraindications to laparoscopy,
technical difficulties, or limited local experience require
laparotomy.

Specific postoperative complications of cholecystectomy
include intra-abdominal fluid collections, bile-duct or adja-
cent viscus injury, retained common bile duct stones, and
wound infection or dehiscence. The incidence of all com-
plications after elective open cholecystectomy is approxi-
mately 20%, compared with 8% for laparoscopy. Severe
complications (�1% incidence) are comparable. For acute
cholecystitis, the complication rates are slightly higher, pri-
marily because of an increase in septic complications.

After cholecystectomy, the occurrence of jaundice, sep-
sis, increasing or diffuse abdominal pain or tenderness,
purulent or bilious wound drainage, unexplained tachycar-
dia, or respiratory compromise strongly suggests a local
abdominal complication and should be investigated thor-
oughly. Abdominal ultrasound and CT are appropriate
initial studies and permit directed percutaneous drainage
of intra-abdominal collections. Endoscopic retrograde
cholangiopancreatography (ERCP) or percutaneous trans-
hepatic cholangiography are usually required for diagnosis
of bile-duct injury and, in some cases, may provide defini-
tive therapy. When bile leakage from the cystic duct stump
or other sites occurs, endoscopic stenting or biliary sphinc-
terotomy is usually definitive in closing the leak.

The average hospital stay, including preoperative and
postoperative recovery, is about 4 days for elective chole-
cystectomy with open technique versus 1–2 days for the la-
paroscopic technique. For acute cholecystitis, postoperative
hospital stays average 5–7 days for open cholecystectomy
and generally less for the laparoscopic technique, but the
extent of right upper quadrant inflammation is often the
critical factor.

Acute Cholecystitis in the Critically Ill

Acute cholecystitis may complicate the course of unrelated
medical or surgical illness in approximately 1.5% of criti-
cally ill patients. In a postoperative setting, cholecystitis is
acalculous in approximately 50% of cases; in post-trauma
or burn patients this figure exceeds 90% (7). Often the eti-
ology of cholecystitis in a critically ill patient is unclear
preoperatively, and it may remain so postoperatively if

gallbladder necrosis is advanced. Mortality rates for chole-
cystitis in the critically ill exceed 50% in some series,
because of the compromised condition of the susceptible
patients as well as possible delays in diagnosis due to the
absence or lack of specificity of classic signs of cholecystitis.

Ultrasound is the preferred initial test to evaluate suspected
cholecystitis in critically ill patients. Positive findings include
gallbladder wall thickening or edema, pericholecystic fluid,
and intramural gas. Ascites or biliary sludge can contribute
to exaggerated estimates of gallbladder wall thickening,
however. The presence or absence of gallstones is only of
marginal diagnostic significance. CT has comparable
accuracy for detecting these abnormalities but requires
transport of the patient to the radiology department.
Radionuclide scanning is of limited utility, as negative re-
sults (i.e., visualization of the gallbladder) are common in
acute acalculous cholecystitis, and positive results are not
diagnostic in patients after prolonged lack of oral intake.

Ultrasound-guided percutaneous cholecystostomy is an
important diagnostic and therapeutic tool. For the patient
strongly suspected of having acute cholecystitis but at
excessive risk for general anesthesia or surgery, bedside
percutaneous cholecystostomy produces clinical improve-
ment in 56%–94% of patients, with fewer than 10% having
serious complications (bleeding, leakage of purulent bile
with peritonitis, and catheter dislodgement) (8). Endo-
scopic transpapillary stenting of the cystic duct has been
described as a potential alternative to percutaneous chole-
cystostomy, particularly in patients with coagulopathy or
ascites in whom percutaneous approaches carry substantial
morbidity (9). After nonsurgical drainage and recovery
from the critical illness, cholecystectomy can be performed
with more acceptable risk.

ACUTE CHOLANGITIS

Issues at the Time of Admission

The initial presentation of cholangitis can be variable,
ranging from mild abdominal pain and fever to septic
shock. The classic clinical presentation of cholangitis
(commonly known as Charcot’s triad) is comprised of
right upper quadrant abdominal pain, fever, and jaundice.
However, these findings are present in only 20%–70% of
cases (10). The additional findings of hypotension and
mental status changes have been described as Reynold’s
pentad, which is associated with a grave prognosis. Elderly
patients are more likely to present with severe cholangitis
and often with atypical features. Abdominal pain usually
is present (80%–90%), although this can be absent in the
elderly or the critically ill. Fever is present in 90%–100%
of cases.

Laboratory examination can be variable in patients with
acute cholangitis. Leukocytosis is present in 90% of cases;
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however, with overwhelming sepsis the leukocyte count can
be low. Although clinical jaundice is seen 60%–90% of the
time, serum liver chemistry test results almost always are el-
evated. The pattern of liver enzyme abnormalities is to some
degree dependent on the cause and chronicity of the ob-
structive process. The level of hyperbilirubinemia is gener-
ally greater in cases of cholangitis complicating malignant
biliary obstruction (because of a gradual onset of high-grade
obstruction) than in cases of calculous disease. Serum alka-
line phosphatase levels usually are elevated in chronically
obstructed patients but may be normal or near-normal in
patients with acute obstruction caused by impacted stones.
Aminotransferase levels also usually are elevated, but to
varying degrees. In most instances, aminotransferase levels
are less than two times the upper limits of normal. On oc-
casion, patients presenting with acute common bile duct
obstruction caused by gallstones may have dramatic eleva-
tion in aminotransferases (500–1,000 IU), which can be
confused with viral hepatitis. However, the acute nature and
severity of the pain should raise the concern of biliary-tract
obstruction, and the markedly elevated aminotransferase
levels rapidly fall within 24 hours. In general, the clinical
presentation of acute right upper quadrant pain, fever, and
abnormal liver chemistry tests, especially in older patients
and in those without epidemiologic risk factors for acute vi-
ral or alcoholic hepatitis, strongly suggests the presence of
extrahepatic biliary-tract disease.

The differential diagnosis of acute right upper quadrant
abdominal pain, fever, and abnormal liver chemistries in-
cludes penetrating or perforating peptic ulcer disease
(Chapter 80), pancreatitis (Chapter 86), appendicitis
(Chapter 87), pyelonephritis (Chapter 68), gonococcal
perihepatitis (Fitz-Hugh-Curtis syndrome), and conditions
of acute liver enlargement resulting in painful stretching of
the hepatic capsule (Chapter 82), including acute viral hep-
atitis, acute alcoholic hepatitis, and right heart failure. As
mentioned previously, a common clinical error is the con-
fusion of acute cholangitis with acute cholecystitis. At
times, the distinction can be difficult and, rarely, these con-
ditions may occur simultaneously. Both can present with
fever and right upper quadrant abdominal pain. Although
mild hyperbilirubinemia can occur with acute cholecystitis,
it rarely exceeds 3 mg/dL. In general, elevated bilirubin lev-
els should trigger suspicion of common bile duct obstruc-
tion. Although dilatation of the common bile duct on an
ultrasound or CT scan supports the diagnosis of bile-duct
obstruction, it is absent in up to one-third of patients with
documented common bile duct stones.

Although not diagnostic of cholangitis, approximately
15% of gallstones are calcified and are apparent on plain
films, raising the level of suspicion for calculous disease of
the biliary tract. An ileus may be present on plain films, al-
though it is nonspecific. Acute suppurative cholangitis is not
associated with the presence of free intraperitoneal air, and
this finding should point to another diagnosis. Air in the
gallbladder wall may indicate emphysematous cholecystitis.

The most useful initial study is ultrasonography because
it provides substantial information, is easily obtained
(even at the bedside in critically ill patients), and is rela-
tively inexpensive. Gallbladder stones are detected with a
high degree of sensitivity and specificity, and the presence
of calculous disease suggests a possible cause. However, ul-
trasound is much less accurate in identifying stones within
the common bile duct. Because of overlying bowel gas, the
distal duct is poorly visualized, and as a result ultrasound is
able to visualize stones in the common bile duct in only
about 10% of cases. Dilatation of the common bile duct
suggests biliary obstruction but is present in only approxi-
mately 75% of cases of confirmed choledocholithiasis.

Radionuclide cholescintigraphy is rarely helpful in the
setting of suspected common bile-duct obstruction; its
value lies in the diagnosis of cystic-duct obstruction. There
are few specific CT scan features of cholangitis because bile-
duct stones and gallbladder stones seldom can be imaged
directly, and biliary dilation is less reliably identified than
by ultrasound. However, CT may be of value in excluding
alternative causes of sepsis, such as suppurative cholecysti-
tis, and may provide other evidence as to the cause of bil-
iary obstruction and sepsis, such as malignant-appearing
masses in the pancreas, porta hepatis, or liver.

Recent and promising alternatives for diagnosis of bil-
iary obstruction include endoscopic ultrasound and mag-
netic resonance cholangiopancreatography (11). The role
of these diagnostic modalities in the setting of acute
cholangitis is limited, but they may be of value in high-risk
patients in whom more traditional diagnostic tests fail to
reveal the cause of the patient’s illness.

ERCP is the procedure of choice both for diagnosis and
therapy of bile-duct obstruction. Once the bile duct is can-
nulated selectively, removal of stones or drainage of other
obstructing lesions can be performed. Percutaneous trans-
hepatic cholangiography is an alternative in patients with
dilated bile ducts in whom ERCP is technically unsuccess-
ful because of surgical anatomy, or if available endoscopic
expertise is limited.

Indications for Hospitalization and
ICU Admission

All patients with suspected biliary obstruction and fever
should be admitted promptly to the hospital. Indications
for hospitalization and ICU admission are similar to those
for acute cholecystitis.

Initial Therapy

Initial measures are aimed at stabilizing the patient until the
biliary tract can be definitively decompressed. The patient
should be given nothing by mouth. Intravenous fluids are
administered for volume resuscitation and to correct any
electrolyte imbalance, and central venous access is estab-
lished for patients in shock. Approximately one-third of
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patients presenting with cholangitis have coagulopathy,
and correction of this should be initiated promptly in 
anticipation of a procedure (Chapter 98). Severely ill pa-
tients may require ventilatory support prior to definitive
therapy.

Medical therapy does not substitute for drainage of an
obstructed biliary tree but can stabilize a patient to allow 
a safer, more elective decompression procedure. Broad-
spectrum antibiotic therapy should be initiated after blood
cultures have been drawn. The microbiology is similar to
that for acute cholecystitis. In severely ill patients or those
with prior biliary-tract surgery, definitive coverage for
anaerobes is recommended (12) (Chapter 64).

Urgent decompression of the biliary tract is indicated for
treatment of cholangitis and should be performed as soon
as is feasible. Seventy to 85 percent of patients with cholan-
gitis respond to appropriate intravenous antibiotics with
improvement in fever and abdominal pain, such that the
decompression procedure can be done semi-electively
within 72 hours. If complicated by hypotension or mental-
status changes, decompression should be performed emer-
gently, although not before vigorous medical resuscitation
is performed. Endoscopic drainage of the obstructed biliary
tract is the treatment of choice for cholangitis, depending
upon local expertise and availability (13). ERCP involves
endoscopic cannulation of the common bile duct and re-
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Figure 84.2. Endoscopic retrograde cholangiograms showing multiple stones in a dilated com-
mon bile duct A. and a cleared duct after endoscopic biliary sphincterotomy and subsequent stone
extraction with a balloon catheter B.

moval of stones with baskets or balloon catheters (Figure
84.2), or internal stenting to bypass and relieve the ob-
struction. Alternatives for stone removal in patients with se-
vere coaguloapthy include extraction after balloon dilation
of the sphincter or temporary decompression by stenting
alone. Biliary drainage for obstructing stones or strictures
can be established quickly by placing one or more internal
stents above the level of obstruction, with more definitive
endoscopic or other procedures deferred until the patient is
more stable. For many patients, the initial endoscopic pro-
cedure is definitive. Procedural success rates range from
80%–98%, with complete duct clearance of stones at the
first procedure in 80%–95% of cases, depending on local
expertise, technical complexity, and comorbidity. The pro-
cedural morbidity rate, including cardiorespiratory events,
bleeding, pancreatitis, perforation, or worsened sepsis in
the event of a failed procedure, is approximately 5%–10%,
with a direct procedure-related mortality rate of less than
1% (14). Gastric surgery or intestinal strictures may make
ERCP difficult or impossible.

Percutaneous transhepatic drainage involves placement
of a percutaneous catheter through the hepatic parenchyma
into the dilated biliary tree. The procedural morbidity rate
ranges from 7%–35%, with complications including sep-
sis, bleeding, bile leak, and fistula. The mortality rate from
percutaneous transhepatic drainage in the setting of

A B
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cholangitis has been reported as high as 5%–16%. Unlike
ERCP, the procedure is contraindicated in the presence of
coagulopathy, and it often requires subsequent surgery or
ERCP for definitive therapy in the setting of choledo-
cholithiasis. The absence of ductal dilatation may make
percutaneous transhepatic drainage difficult or impossible.
Surgical decompression usually is reserved for those pa-
tients failing the procedures previously described. The mor-
bidity rate ranges from 40%–60%, and the mortality rate
from 10%–40%.

In general, the initial approach to suspected cholangitis and
other biliary obstruction should involve ERCP. A randomized,
controlled trial of endoscopic versus surgical management
of acute suppurative cholangitis showed that endoscopic
drainage was significantly safer (approximately three-fold
lower mortality rate) (13). For malignant obstruction, a
randomized controlled trial showed that endoscopic
drainage is safer than percutaneous drainage (15).

Issues During the Course of Hospitalization

Table 84.2 shows a critical pathway for acute cholangitis.
After successful decompression of the common bile duct,
many patients experience an immediate and dramatic clin-
ical improvement, occasionally by the end of the proce-

dure. Abdominal pain usually resolves within 24 hours.
Not uncommonly, patients experience an elevated temper-
ature after instrumentation of the biliary tract in acute
cholangitis, even after successful drainage and stone extrac-
tion. However, this usually resolves within 24–48 hours.
Improvement in leukocytosis usually occurs within 2–4
days. After successful decompression of an obstructed bil-
iary tree, elevated serum bilirubin levels should begin to
improve within 24 hours, but may take up to a week or
more to completely normalize. Patients with marked eleva-
tion and particularly those with malignant obstruction may
take even longer to normalize their bilirubin levels.

Failure of clinical parameters to improve suggests a
number of possible causes. Failure of the bilirubin level to
fall, or of signs of sepsis to improve, suggests incomplete
drainage resulting from residual bile-duct stones, edema at
the site of the biliary sphincterotomy due to manipulation
or local thrombus, malfunctioning of an endoprosthesis,
or a separate cause such as concomitant cholecystitis or
intrahepatic cholestasis resulting from sepsis. Complica-
tions after ERCP may result in deterioration as well. These
include cardiorespiratory problems, such as aspiration
pneumonia, cholangitis, pancreatitis, perforation, or hem-
orrhage from the sphincterotomy site. Hemorrhage usually
presents as upper gastrointestinal bleeding but is some-
times delayed up to a week or more after the procedure,
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TABLE 84.2
CRITICAL PATHWAY: ACUTE CHOLANGITIS

Post–ERCP/PTBD day one Post–ERCP/PTBD day two
Admission (usually hospital day 2–4) (usually hospital day 3–5)

Tests Abdominal radiograph CBC CBC
RUQ ultrasound Liver panel Liver panel
CBC/differential Check blood culture results
Electrolytes
Liver panel
Coagulation studies
Blood cultures

Medical Therapy Intravenous antibiotics Discontinue intravenous fluids Convert to oral antibiotics
Intravenous fluids If not improving, consider:
Correct coagulopathy Repeat ERCP
Gastroenterology Surgical consultation

consultation to Nongastrointestinal source
perform prompt 
biliary decompression
after stabilizationa

Nursing Vital signs Vital signs Vital signs
Oxygen saturation Assist with activities of Assist patient with activities of daily 

daily living living and begin counseling family
Nutrition NPO Clear liquids if pain-free Advance as tolerated
Discharge planning Begin addressing Discuss cholecystectomy Make follow-up appointment

a Septic patients should undergo immediate biliary drainage after stabilization.
CBC, complete blood count; ERCP, endoscopic retrograde cholangiopancreatography; NPO, nothing by mouth; PTBD, percutaneous transhepatic
biliary drainage;  RUQ, right upper quadrant.
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especially in patients with coagulopathy or those placed on
anticoagulation after the procedure. Trauma to the sphinc-
terotomy site from multiple stone extractions during ERCP
or localized thrombus can lead to edema, resulting in bil-
iary obstruction and recurrent bacteremia. In instances in
which a biliary stricture or incomplete clearance of bile-
duct stones has required placement of a stent or nasobiliary
tube, recurrence of symptoms may signal obstruction, mal-
function, or dislodgement of the stent. Failure to improve
within a reasonable period of time may force a repeat pro-
cedure to assess adequacy of decompression. In those cases
in which the findings of ERCP were not suggestive of
cholangitis, consideration should be given to nongastroin-
testinal sources of fever. In addition, the possibility of post-
procedural aspiration pneumonia should be considered.
Post-ERCP pancreatitis also can be a complication, and its
onset can be delayed over 24 hours.

Discharge Issues

The optimal duration of antibiotic therapy for bacteremia
associated with cholangitis has not been determined. Com-
monly, intravenous antibiotics are continued until the pa-
tient has become afebrile, and sometimes for an additional
1–2 days. Conversion to an oral antibiotic with suitable
spectrum then can be instituted for a total duration of 7–10
days. One recent study has suggested that even shorter du-
rations of post-procedure antibiotic therapy (3 days) may
be appropriate after successful endoscopic drainage of the
biliary tract (16).

Although endoscopic sphincterotomy and clearance of
common bile duct stones represents definitive treatment of
the index episode of cholangitis, cholecystectomy com-
monly is recommended for most patients who have intact
gallbadders containing stones because of the risk of susbse-
quent cholecystitis. However, in elderly patients, or those
whose comorbid medical conditions place them at high
risk for surgery, the gallbladder may be left intact after en-
doscopic treatment of common bile duct stones. The natu-
ral history of gallbladders containing stones and left in situ
after endoscopic sphincterotomy for bile-duct stones is
variable. A large review suggested a subsequent require-
ment for cholecystectomy in this group of approximately
2%–3% per year, with the majority occurring within the
first two years (17). Several randomized controlled trials
comparing strategies of cholecystectomy and “watchful
waiting” have suggested that, while a significant proportion
of patients managed expectantly may ultimately require
cholecystectomy, the non-surgical approach results in no
increase in significant complications or mortality (18, 19).
Discussions among the patient, primary care physician,
gastroenterologist, and surgeon are appropriate at this time
or at follow-up appointments regarding the risks and ben-
efits of elective cholecystectomy.

COST CONSIDERATION AND
RESOURCE USE

Important determinants of cost and resource use in the
management of acute cholecystitis are the number of
diagnostic modalities utilized, the choice among various
antibiotic regimens, the use of the ICU, the promptness of
surgical consultation and possible cholecystectomy, and the
length of the postoperative stay. A strategy of delayed chole-
cystectomy offers no clinical advantages over prompt chole-
cystectomy (after resuscitation) and is more expensive.

In general, the most cost-effective approach to acute
cholangitis involves rapid resuscitation and early definitive
procedural intervention without unnecessary delays for ad-
ditional imaging studies such as CT scans, especially if the
diagnosis is clear on clinical grounds.

KEY POINTS

■ With few exceptions, treatment is not indicated for
asymptomatic cholelithiasis.

■ Acute cholecystitis is a serious intra-abdominal infec-
tion, which can be life-threatening if not treated. Diag-
nosis is made utilizing clinical, ultrasound, or radionu-
clide scan data.

■ Appropriate treatment of acute cholecystitis includes in-
travenous fluids, antibiotics, and prompt cholecystec-
tomy. Prolonged treatment with antibiotics followed by
discharge and interval cholecystectomy offers no clinical
advantages and is more costly.

■ Acute cholecystitis complicating critical illness may be
calculous or acalculous in etiology, is associated with a
high mortality rate, and may be treated by cholecystec-
tomy, percutaneous cholecystostomy, or endoscopic
transpapillary gallbladder drainage.

■ Cholecystitis must be differentiated from cholangitis. In
patients with right upper quadrant pain and fever, ele-
vated serum bilirubin levels should suggest cholangitis
rather than cholecystitis.

■ Patients with cholangitis should be stablized with intra-
venous fluids, antibiotics, and correction of electrolyte
and coagulation disturbances.

■ ERCP is the procedure of choice for diagnosis and treat-
ment of cholangitis.
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Liver Transplantation
Raphael B. Merriman

INTRODUCTION

Liver transplantation has revolutionized the management
of end-stage liver disease and acute liver failure since its in-
ception more than four decades ago (1). Data from the
United Network for Organ Sharing (UNOS) registry, which
operates the Organ Procurement and Transplantatation
Network (http://www.optn.org), reports that in 2003, pa-
tients had a 1-year survival rate of 88.1% and a 5-year sur-
vival rate of 74.3%. Improvements in patient survival reflect
advances in surgical and anesthetic techniques, patient se-
lection, and pre- and post-operative management, includ-
ing the development of more effective immunosuppressive
and antimicrobial agents. Liver transplantation (LT) con-
tinues to be challenged by organ shortages and prolonged
waiting list times. The most significant recent development
in liver transplantation in the United States was the 2002
implementation of an allocation policy based on the Model
for End-stage Liver Disease (MELD) and the Pediatric End-
stage Liver Disease score (PELD). This policy now preferen-
tially directs livers to patients with the most imminent risk
of death.

This chapter provides a review of general surgical princi-
ples, indications for transplantation, and the evaluation of
patients for liver transplantation. The management of the
patient after liver transplantation will be outlined and the
common complications will also be reviewed.

SURGICAL PRINCIPLES

A suitable donor organ is matched to a recipient with a
compatible ABO blood type. Typically, the surgical proce-
dure is divided into the hepatectomy phase, the anhepatic
phase, and the reperfusion phase. The typical biliary recon-
struction involves a direct duct-to-duct reanastomosis
(choledochocholedochostomy), although occasionally,
when the recipent duct is diseased (e.g., primary sclerosing

cholangitis) or unsuitable, a choledochoduodenostomy is
performed using a Roux-en-Y anastomosis. Stenting of the
biliary anatomosis with externalization of bile via a T tube
is now infrequently employed.

Modern liver surgery is based upon the functional
segmental anatomy of the liver (Figure 85.1); the eight
segments are based on the distribution of the portal veins.
This is especially relevant when segmental grafts are em-
ployed, as in adult and pediatric living liver donation and
split liver transplantation. For example, a right hepatec-
tomy involves the resection of segments V, VI, VII, and VIII.
Hepatic venous drainage begins as the central veins join to
form the right, middle, and left hepatic veins, which empty
into the suprahepatic inferior vena cava. Donor organ
preservation has been enhanced by the use of Univeristy of
Wisconsin (UW) cold storage solution. Knowledge of the
common anatomic variations in the hepatic artery is essen-
tial, especially for successful donor hepatectomy. Radio-
logic determination of portal vein patency is important for
operative planning because an obstructed portal vein will
require a venous graft to bypass or reconstruct the occluded
portal vein segment.

PATIENT SELECTION FOR LIVER
TRANSPLANTATION

Prognostic Models and Prioritization for
Organ Allocation

Policies related to organ allocation significantly impact
patient selection for transplantation and have recently
undergone major changes. The success of LT led to a
marked disparity between the number of patients on the LT
waiting list and the number of donor livers available for
transplantation in the United States. The most common in-
dications for LT are hepatitis C, alcoholic liver disease, and
hepatocellular carcinoma (HCC). As of February 2005,

85
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17,678 patients were on the liver transplantation waiting
list, while the total number of liver transplants in 2004
was only 5,136. The Child-Turcotte-Pugh (CTP) score (Table
85.1) is still used by UNOS to determine a patient’s eligi-
bility to be listed for LT. A CTP score of at least 7 is the min-
imum needed to be listed; this score reflects a predicted 
1-year risk of death of at least 10%. Patients with fulminant
hepatic failure (Chapter 82) who are highest risk for short-
term mortality are classified separately and listed with the
highest priority (Status I).

For patients without fulminant hepatic failure, the criteria
for transplantation have changed. Prior to February 2002,
the two major determinants of liver allocation were waiting
time and CTP score. The former often did not reflect the
medical need for transplantation, while the latter has sub-
jective components that can be overestimated. In response to
the clear need for an improved allocation policy, in March
2002 UNOS began using the MELD score as the basis for pri-
oritizing organ allocation (1). Interestingly, the MELD prog-

nostic score was initially developed to predict short-term
prognosis after transjugular intrahepatic portosystemic
shunt (TIPS). Subsequently, the score was validated as an ac-
curate predictor of pretransplantation short-term mortality
from end-stage liver disease. The MELD score has the advan-
tage of relying on objective and readily available standard-
ized laboratory tests: serum creatinine, bilirubin, and INR
(2). The PELD score has been adapted for organ allocation in
children; it also accounts for age and growth failure. Policy
developers recognized that the MELD score would not serve
all candidates equally well and, therefore, introduced excep-
tions for certain conditions (e.g., HCC, hepato-pulmonary
syndrome, portopulmonary hypertension, and familial
amyloidosis) by assigning a higher initial score. Since the
introduction of the MELD/PELD scores, the number of
patients waiting for LT has decreased, with an increase in the
number of patients who undergo LT for HCC (3). Unfortu-
nately, the MELD/PELD system has its own shortcomings
that will require further modifications over time.

Contraindications and Controversies

The contraindications to LT are generally not evidence-
based, and it should therefore not be surprising that they
are controversial, reflect local practice and culture, and
constantly evolving. Broadly, they can be divided into
two categories (Table 85.2). Absolute contraindications are
conditions for which the results of LT are so poor that it is
difficult to justify the use of the limited donor organ pool.
Relative contraindications negatively affect survival, but not
to such a degree that LT should never be considered. Many
of these relative contraindications, in particular, are con-
troversial. For example, early reports on the outcome of LT
in patients with HCC were unfavorable because of a high
incidence of tumor recurrence. However, data emerged
indicating that patients with early stage HCC (stage I and
II) have excellent results following LT, comparable to
patients with non-HCC disease (4). In HIV-infected pa-
tients on highly active anti-retroviral therapy (HAART),
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Figure 85.1 Functional anatomy of the liver.

TABLE 85.1
CHILD-TURCOTTE-PUGH CLASSIFICATION

Points

Feature 1 2 3

Hepatic encephalopathy None Controlled Not controlled
Ascites None Controlled Not controlled
Total bilirubin (mg/dL) �2 2–3 �3
Prothrombin time (secs 0–3 3–6 �6

prolonged)
Albumin (gm/dL) �3.5 2.8–3.5 �2.8

Childs Class A: 5–6 points
Childs Class B: 7–9 points
Childs Class C: 10–15 points
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end-stage liver disease related to hepatitis C and B is the
most common cause of death. Preliminary data suggest
that solid organ transplantation in such patients, if well
selected and performed in experienced centers, is both
feasible and effective (5). Transplantation for cholangio-
carcinoma has also been performed in selected centers em-
ploying experimental treatment protocols. Severe obesity
may be associated with cirrhosis related to non-alcoholic
fatty liver disease, and LT in this increasingly prevalent
patient population presents unique surgical and post-
operative management challenges. The allocation of organs
to patients with alcoholic liver disease was once frowned
upon, but is now less controversial. Survival rates after LT
in patients with this history are second highest, trailing
only patients with cholestatic liver disease. Rates of rejec-
tion, disease recurrence, and re-transplantation are gener-
ally lower in patients with isolated alcoholic liver disease
than for other etiologies. Rates of recidivism or relapse are
highly variable, depending on method of evaluation. Most
programs report an alcohol use relapse rate of 15%–30%
over the first 2–3 years. A minimum of six months of doc-
umented sobriety with proven rehabilitation is required by
most transplant programs.

Evaluation of the LT Candidate

Evaluation of potential LT recipients involves a multi-
disciplinary approach, typically including evaluation by

a transplant hepatologist and surgeon, an addiction
specialist, social-services personnel, nurse coordinators,
financial counselors, and other specialist consultants
according to patient needs (Table 85.3). Although usu-
ally occurring in the outpatient setting, rapidly deterio-
rating end-stage liver disease or acute liver failure will
demand an expedited inpatient evaluation. The initial
assessment involves a thorough history and physical
examination, with an emphasis on the presence of com-
plications related to chronic liver disease, assessment of
co-morbidities and possible contraindications to trans-
plantation, the potential recipient’s current functional sta-
tus, any history of ongoing or prior substance abuse,
duration and reliability of abstinence, and risk of recidi-
vism. The past medical and surgical history (especially
hepatobiliary surgery or TIPS) guide further evaluation of
surgical and postoperative risk. The patient meets with
experienced transplant social workers, who evaluate the
current and likely post-transplant level of family and
other social support. The candidate also undergoes liver
imaging (either ultrasonography with Doppler interroga-
tion, multiple phase thin-cut spiral CT, or magnetic reso-
nance imaging) that includes assessment of patency of the
portal vein and other vascular structures and screening for
HCC. The laboratory evaluation includes ABO typing and
measurements of the serum albumin, total bilirubin lev-
els, and prothrombin time. Other disease-specific assays
are obtained if not previously performed. If no absolute
contraindications are identified and the patient meets the
minimal criteria for LT listing, the patient is listed. Many
institutions make listing decisions at a multidisciplinary
evaluation conference. Subsequently, a second phase of
more invasive testing is initiated, often directed by symp-
toms or comorbidity. It includes a battery of infectious
disease serologies, gynecologic evaluation and mammog-
raphy for women, and screening tests for cardiopul-
monary and renal disorders.

Evaluation of the Living Donor

Until 1989, all LTs used a cadaveric donor organ. Since the
introduction of living donor transplants that year, the pro-
portion of living donor transplants has grown steadily,
from 1% in 1993 to 6% in 2004. Some of the unique fea-
tures of the evaluation of a living liver donor deserve par-
ticular mention.

Transplantation of part of a liver from an adult into a
child has been practiced for more than 15 years. The basic
operation (a left lateral segmentectomy) is relatively
predictable and has a low risk when done at experienced
centers. In contrast, adult-to-adult living donation, which
began about a decade ago, usually involves a more sub-
stantial operation, usually consisting of a right hepatec-
tomy in the donor (6). Typically, potential donors are
between 21 and 55 years of age, have a compatible blood
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TABLE 85.2
CONTRAINDICATIONS TO LIVER
TRANSPLANTATION

Absolute Contraindications

Severe, irreversible comorbidities
Severe portopulmonary hypertension (mean pulmonary arterial

pressure (PAP) �45 mmHg)
Extrahepatic malignancy (excluding some skin cancers)
Extensive hepatocellular carcinoma (including vascular invasion and

lymph node involvement)
Severe and uncontrolled systemic infection
Multiorgan failure
Active alcohol or substance abuse
Advanced cardiac disease
Severe, uncontrolled psychiatric disease
Noncompliance
Extensive portal vein and mesenteric vein thromboses

Relative Contraindications

HIV seropositivity
Moderate portopulmonary hypertension (mean PAP �35 mmHg)
Severe hepatopulmonary syndrome (PaO2 �50 mmHg)
Cholangiocarcinoma
Morbid obesity (Body Mass Index �40kg/m2)
Advanced age (�70 years)
Recurrent hepatits C in a transplanted liver
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type, and are free of comorbid diseases. Currently, there
is little standardization in the evaluation of donors and in
the operative procedure, making it very difficult to assess
the risks of complications and death to donors. However,
the morbidity attributable to surgical resection in donors of
grafts for adult recipients has been reported to be as high
as 50% (6), substantially higher than that of donors
of grafts for children. The most serious potential conse-
quence is death caused by an intra-operative complication
or postoperative liver failure. The donor should provide de-
tailed informed consent and must be offered an opportu-
nity to decline. In many programs, potential donors see a
physician who is not part of the transplantation team, and
in some programs, the potential donor is also evaluated
by an ethicist. The evaluation places special emphasis on
accurate determination of acceptable hepatic, biliary, and
vascular anatomy; it may involve selective use of invasive
procedures such as liver biopsy, cholangiography, and
arteriography.

Evaluation of Selected Organ Systems

Pulmonary Evaluation

The differential diagnosis of pulmonary symptoms
and gas-exchange abnormalities in patients with chronic
liver disease is broad; efforts should focus on determining
whether the severity of pulmonary dysfunction precludes LT
and identifying conditions (such as hepatopulmonary syn-
drome and some cases of portopulmonary hypertension)
that may reverse with transplantation. Hepatopulmonary
syndrome (HPS), characterized by arterial hypoxemia (PaO2

�70 mmHg or alveolar-arterial gradient of �20 mmHg),
occurs in as many as 15% of patients with chronic liver
disease. It is caused by intrapulmonary vasodilation, and
it results in impaired oxygenation (7). Symptoms include
dyspnea and platypnea. An examination may reveal ortho-
deoxia and central cyanosis. Pulmonary function testing
is usually unhelpful; arterial blood gases confirm hypoxia.
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TABLE 85.3
EVALUATION OF THE LIVER-TRANSPLANT CANDIDATE

Consultations Hepatologist
Liver transplant surgeon
Cardiologist, for recipients �50 years old
Gynecologist (Pap test [all], mammography [recipients �40 years old])
Addiction specialist, if history of substance abuse
Anesthesiologist, if needed
Medical social worker evaluation
Transplant coordinator
Financial counselor

Pathology Review biopsy, if available
Radiology Liver imaging with sonography or CT and assessment of portal vein patency
Cardiopulmonary Arterial blood gas

Electrocardiogram
Echocardiogram
Cardiac stress test, when appropriate
Chest radiograph, posteroanterior and lateral

Laboratory tests ABO blood type, antibody screen
HIV serology
Chronic hepatitis panel: HBsAg, HBcAb, and anti-HCV; HBV-DNA and 

HBeAg for patients who are HBsAg-positive
Hepatitis B immunity (HBsAb)
Hepatitis C genotype and viral load (using an amplified, PCR-based assay) if

anti-HCV positive
Cytomegalovirus antibody, RPR
Alpha fetoprotein
Iron, transferrin saturation, and ferritin
Thyroid function tests
Prostate specific antigen assay for men � 50 years old
Complete blood cell count, electrolytes, creatinine, blood urea nitrogen, 

alkaline phosphatase, total bilirubin, aminotransferases, albumin, 
prothrombin time, creatinine clearance estimate, if indicated

Urinalysis and microscopy
Random urine/blood toxicology screening (where appropriate)

Anti-HCV, antibody against hepatitis C virus; HBcAb, hepatitis B core antibody; HBeAg, hepatitis B e
antigen; HBsAb, hepatitis B surface antibody; HBsAg, hepatitis B surface antigen; HBV-DNA, hepatitis B
virus DNA; HIV, human immunodeficiency virus; RPR, rapid plasma reagin.
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Contrast-enhanced echocardiography following the injec-
tion of agitated saline is a sensitive method to detect in-
trapulmonary shunting; bubbles detected early within the
left atrium correlate well with the presence of pulmonary ar-
teriovenous communications. Technetium99-macroaggre-
gated albumin scintigraphy is definitive but rarely required
to confirm the diagnosis. Measuring the PaO2 on 100%
oxygen also provides useful information, as it usually nor-
malizes in patients with HPS. Failure to exceed a PaO2 of
200 mmHg on 100% oxygen implies the likely presence of
significant true shunts and precludes LT at most centers, un-
less gas exchange can be improved by embolization of those
larger true shunts. HPS is associated with increased postop-
erative morbidity and need for mechanical ventilation, with
substantially increased mortality (�30%) when the HPS is
severe and the PaO2 is �50 mmHg. Consequently, patients
with a diagnosis of HPS are usually awarded a higher MELD
exception score to facilitate earlier transplantation.

Portopulmonary hypertension, defined by a mean pul-
monary arterial pressure (mPAP) �25 mmHg, occurs in up
to 2% of patients with cirrhosis and portal hypertension (7).
Patients may be asymptomatic or present with exertional
dyspnea. Chest pain and syncope are late features. Contrast-
enhanced echocardiography assesses right and left heart
function and anatomy and usually provides noninvasive es-
timates of pulmonary artery pressures. Other common
causes of pulmonary hypertension must be excluded (Chap-
ter 59). Echocardiographic features suggestive of right-ven-
tricular compromise may be sufficient to exclude a patient
from consideration for LT. If a borderline, uncertain, or ele-
vated pulmonary artery pressure (mean PAP �25 mmHg or
systolic PAP �40 mmHg) is demonstrated, patients should
undergo right-heart catheterization for direct pulmonary
pressure measurement and assessment of the effect of va-
sodilator therapy. Prostacyclin vasodilator therapy improves
survival in primary pulmonary hypertension, but the longer
term effect on portopulmonary hypertension is less clear and
may be dose limited by the associated thrombocytopenia.
Experience with bosentan, an endothelin-1 receptor antago-
nist, is limited and uncertain in portopulmonary hyperten-
sion, in part related to reports of associated hepatotoxicity.

Cardiac Evaluation

Cardiac evaluation of the LT candidate should include di-
rected history (specifically assessing the risk factors for
atherosclerosis) and physical examination, electrocardiog-
raphy, and echocardiography. These tests screen for poten-
tial ischemic cardiac disease, arrhythmias, left-ventricular
dysfunction, and the consequences of hepatopulmonary
syndrome and portopulmonary hypertension. High car-
diac output associated with a low systemic vascular resis-
tance is common among patients with decompensated
chronic liver disease. Thus, the presence of an ejection frac-
tion �60% suggests underlying ventricular dysfunction
and warrants further investigation. All men over age 35 and

women over age 45 should undergo noninvasive coronary
artery disease evaluation (dobutamine echocardiography
or dipyridamole-thallium testing). Candidates with abnor-
mal noninvasive studies, multiple ischemic heart disease
risk factors, or an ejection fraction of less than 60% should
undergo coronary angiography (Chapter 36).

CARE OF THE HOSPITALIZED PATIENT

First Four Days Following Liver
Transplantation

Surgery and the Immediate 
Perioperative Period

Initial assessment of hepatic function begins in the operating
room. Prompt and homogenous reperfusion and a soft allo-
graft texture correlate with good function, whereas a poorly
functioning graft may reperfuse slowly or become hard and
edematous. During the immediate postoperative period,
metabolic recovery of the liver, as measured by clearance of
acid (lactate) and the associated metabolic acidosis and glu-
cose production, serves as a gauge of allograft function. Typ-
ically, the recipient with a well-functioning graft develops a
mild metabolic alkalosis. Prompt recovery from anesthesia,
as well as normalization of the hepatic dependent coagula-
tions factors (II, VII, IX, and X), as reflected in normalization
of prothrombin time, are additional measures of successful
engraftment. However, use of fresh frozen plasma and re-
combinant Factor VIIA may be neceessary in the immediate
postoperative period, especially if difficulty is encountered
in achieving hemostasis. Patients with severe preoperative
hepatic encephalopathy may take days to improve, even
with a well-functioning graft. With successful engraftment,
serum aspartate aminotransferase and alanine aminotrans-
ferase activities usually peak within the first 24–48 hours
and decline to levels within four times normal by seven days
after LT. As discussed later in this chapter, persistent eleva-
tion of the serum aminotransferases after LT is often an omi-
nous marker for allograft dysfunction.

Complications arising in the immediate postoperative
period may be categorized into three types: (a) technical
problems related to the recipient operation, such as intra-
abdominal hemorrhage and hepatic artery thrombosis,
(b) primary nonfunction of the allograft, including primary
nonfunction, preservation injury, and acute rejection, and
(c) medical complications, such as fever, altered mental
status, and renal insufficiency.

Intra-abdominal hemorrhage in the early postoperative pe-
riod is characterized by hypotension, tachycardia, abdomi-
nal distension with high-output bloody abdominal
drainage, decreasing urine output, and a falling hematocrit
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level. Coagulopathy should be corrected and patients
should be transfused to keep the hematocrit above 25%.
Approximately 10% of recipients require early reoperation
for control of hemorrhage. Hemodynamic instability or a
transfusion requirement of more than 5–8 units of packed
red blood cells in the first 24 hours are the usual indica-
tions for early operative reintervention.

Hepatic artery thrombosis (HAT) occurs in 7% of all adult
transplants, usually within the first 30 days. Risk factors in-
clude small hepatic artery size, complex anatomy, the use of
extension grafts for arterial anatomosis, prolonged ischemia
time, and a hypercoagulable state. A marked elevation of
levels of the serum aminotransferases (�1,000 IU/L), ac-
companied by evidence of hepatic allograft dysfunction,
should prompt urgent abdominal Doppler ultrasonogra-
phy and direct arteriography to confirm hepatic artery oc-
clusion. If HAT is identified very early after LT, immediate
angioplasty or reanastomosis may avoid the long term se-
quelae. The benefit of thrombolysis as a sole therapy or in
conjunction with revascularization is unclear. Established
HAT is associated with later ischemic biliary stricturing (as
the bile ducts are supplied exclusively by this vessel), almost
invariably necessitating later retransplantation. Once HAT
is excluded in the patient with postoperative dysfunction,
liver biopsy may be useful (Figure 85.2).

Primary Nonfunction of the Graft

Primary nonfunction of the hepatic allograft reflects a variety
of insults, including damage inflicted by donor-related

disease, harvesting (donor hepatectomy), or cold preser-
vation, as well as reperfusion injury. Primary nonfunction
is characterized by rapid and marked elevations of the
serum aminotransferases (�2,000 IU/L), rapid develop-
ment of severe metabolic acidosis, hepatic synthetic
failure, and ultimately multiorgan failure. The diagnosis is
made on clinical grounds after exclusion of HAT. Urgent
retransplantation (and even hepatectomy while awaiting a
suitable graft) is the only treatment; without this, death
generally follows within 72–96 hours. Patients with
primary nonfunction of the allograft require ICU-level
care; management is similar to that for a patient with
acute liver failure (Chapter 82). Patients with severe
allograft dysfunction typically require ventilatory support
until retransplantation is feasible. Prophylactic broad-
spectrum antibiotic therapy is warranted to prevent sepsis.
If retransplanted in time, patient recovery is rapid and
similar to that of patients transplanted for fulminant
hepatic failure.

Postoperative Medical Complications

Fever in the immediate postoperative period should be ap-
proached in the same manner as fever in any postsurgical
patient, with a few exceptions. More than 50% of LT recip-
ients will experience one or more episodes of infection in
the postoperative period. The most common infections in
the first days after orthoptic LT are bacterial (8). Risk factors
include prolonged anesthesia and anhepatic time, duration
of surgery, and amount of blood products given. These
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infections often are related to technical complications dur-
ing the recipient operation and include pneumonia, liver
abscess, and cholangitis. Vancomycin-resistant Enterococcus
has emerged as an important nosocomial pathogen in LT
patients.

Altered mental status in the immediate postoperative
period is common and may result from residual or ongo-
ing hepatic encephalopathy, poor clearance of analgesic or
anesthetic medications, perioperative stroke, electrolyte
and metabolic abnormalities, or drug toxicity. Central ner-
vous system infections are rare during this time; therefore,
lumbar puncture is not routinely indicated. Initial evalua-
tion should include CT or magnetic resonance imaging,
and possibly electroencephalography, to exclude seizure
activity. Metabolic and electrolyte abnormalities should
be corrected and may require temporary renal replacement
therapy; potentially contributing psychotropic drugs
should be discontinued. Central pontine myelinolysis
may occur and should be included in the differential di-
agnosis. Idiosyncratic immunosuppressive-related neuro-
toxicity, especially caused by cyclosporine and tacrolimus,
can result in a spectrum of neurologic deficits including
seizures or coma (9). Predisposing factors include hypo-
magnesemia and hypocholesterolemia. Magnetic reso-
nance imaging of the brain reveals a variety of changes,
from reversible T2 prolongation in the occipital white mat-
ter to hemorrhagic infarcts. Treatment includes discontin-
uation of the medication and supportive care, including
physical and speech therapy, as needed. Residual motor
and speech impairments may result.

Renal insufficiency occurs frequently after orthoptic LT,
may be either acute or chronic, and is usually multifacto-
rial. It often requires hemodialysis (10). Pretransplant

renal impairent caused by hepatorenal syndrome, acute
tubular necrosis precipitated by excessive diuresis or
gastrointestinal bleeding, or specific disease-related condi-
tions such as glomerulonephritis may all contribute to
postopertive renal dysfunction. Pretransplant renal failure
requiring dialysis (except hepatorenal syndrome) or associ-
ated with sepsis appear to be associated with a worse post-
transplant outcome. Direct calcineurin inhibitor (e.g.,
cyclosporin or tacrolimus) vascular toxicity is the most
common cause of renal insufficiency; primary allograft
nonfunction, and hypovolemia resulting from intraopera-
tive or postoperative hemorrhage and hypotension, also
contribute. The routine use of low-dosage dopamine (1–3
mcg/kg/min) intraoperatively has not been shown to re-
duce the incidence of renal insufficiency after LT. The need
for hemodialysis in the postoperative period has been as-
sociated with an increased mortality rate. Maintaining an
adequate volume status, avoiding nephrotoxic antibiotics,
withholding cyclosporine and tacrolimus early in the post-
operative course, and closely monitoring serum drug levels
may facilitate recovery of renal function.

Five to Thirty Days After Orthotopic Liver
Transplantation

Presentations with Fever and/or Graft
Dysfunction

Fever
Fever (Figure 85.3) occurring during this time frame war-
rants an inpatient evaluation. In the absence of liver func-
tion test abnormalities, an investigation for opportunistic
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infection should be initiated (Chapter 63). If liver tests are
abnormal, it is important to determine whether the pa-
tient has localizing symptoms or signs. Differentiating
fever and jaundice caused by biliary tract disorders from
that caused by acute cellular rejection or viral infection
may be challenging. Doppler ultrasonography enables
evaluation of hepatic artery patency as well as identifica-
tion of biliary dilatation and intra-abdominal bile collec-
tions (bilomas). If ultrasonography does not reveal biliary
or vascular abnormalities, a liver biopsy should be per-
formed, with an assessment of the biopsy specimen for
acute cellular rejection or cytomegalovirus (CMV)
infection.

Bile Leak
Abdominal or shoulder pain in the setting of fever and
jaundice may indicate the presence of a bile leak, the most
common biliary complication occurring during the first
postoperative month. It may occur in up to 10% of recipi-
ents (11). Bile leaks are particularly common after adult-to-
adult living donor transplantation, either in the recipient or
the donor (7). Once a bile leak is suspected, cholangiogra-
phy is indicated to identify the site of leakage. The mode of
cholangiography will depend on the type of bile duct anas-
tomosis. Most leaks can be managed successfully by the
placement of a stent across the site of leakage (12).
Nonanastomotic leaks, such as may occur from the cut sur-
face of a living donor or split graft, may require endoscopic
or surgical correction, depending upon the anatomy. It is
also important to drain any intra-abdominal bile collec-
tions; this usually can be accomplished nonsurgically with
a percutaneous catheter. Biliary strictures are usually anasto-
motic and may be related to local edema or ischemia. They
are usually managed by stent placement, with or without
balloon dilation.

Acute Cellular Rejection
The clinical presentation of acute cellular rejection (ACR) is
variable. Patients may present with constitutional symp-
toms, such as fever associated with aminotransferase ele-
vation, or with asymptomatic aminotransferase elevation.
Abnormal aminotransferases within the first postopera-
tive month should prompt a liver biopsy to determine the
presence of ACR (13), which has a peak incidence on
the 10th day following LT. ACR is treated by increasing
the level of immunosuppression, initially with addi-
tional corticosteroid therapy, and may be managed in the
outpatient setting. This approach is successful in �85% of
cases. Patients with steroid-refractory ACR either have
their maintenance immunosuppression changed or are
treated with OKT3 (a murine monoclonal antibody to the
CD3 receptor on T lymphocytes) or anti-thymocyte rabbit
immunoglobulin. Both yield a 75% response rate. Treat-
ment with such antilymphocyte antibody therapy re-
quires hospitalization because of the potential adverse ef-
fects, including a cytokine release syndrome, aseptic

meningitis, capillary leak syndrome presenting as pul-
monary edema, and gastrointestinal, renal, and dermato-
logic toxicities. The incidence of steroid-refractory rejec-
tion appears to have diminished with the implementation
of tacrolimus-based immunosuppressive regimens.
Newer immunosuppressive agents with less toxicity have
recently been introduced. Mycophenolate mofetil is a re-
verse inhibitor of inosine monophosphate dehydroge-
nase and has gastrointestinal toxicity and bone marrow
suppression as the main side effects. Sirolimus inhibits
the response of lymphocytes to cytokine stimulation and
inhibits antibody production by B cells. Because of its lack
of nephrotoxicity, it may be used as an alternative to cal-
cineurin inhibitors.

Cytomegalovirus and Other Viral Infections
Cytomegalovirus (and to a lesser extent Herpes simplex
virus) may cause hepatitis within the first 6 weeks follow-
ing LT (14). The clinical presentation includes fever and
elevated serum aminotransferase levels. The routine use
of prophylactic acyclovir or ganciclovir following LT has
almost eliminated post-LT Herpes simplex virus hepatitis.
Unfortunately, symptomatic CMV disease continues to
occur relatively frequently after LT, especially with greater
immunosuppression; this may result from reactivation or
via primary acquisition from blood products or the hep-
atic allograft in a seronegative recipient. Seronegative LT
recipients who receive seropositive organs are at greatest
risk and should receive prophylaxis with ganciclovir. CMV
hepatitis must be considered in patients with allograft
dysfunction 21 days–3 months after LT (peak incidence,
30 days). Associated findings include fever and leuko-
penia. The diagnosis is confirmed by direct viral culture,
the more rapid shell vial culture technique, or by the his-
tologic documentation of cytopathic effects and micro-
abscesses. Treatment is with intravenous ganciclovir or
valganciclovir.

Jaundice Without Fever
Postoperative jaundice not attributable to a specific vascu-
lar, biliary, or hepatocellular process is termed preservation
injury. The contributing causes are similar to those for pri-
mary nonfunction. Preservation injury is characterized by a
rapid rise and decline of the serum aminotransferase levels
followed by a progressive increase in the serum bilirubin.
Although the general trend is one of improvement unless
an additional insult occurs, preservation injury may take
weeks to months to resolve and may be associated with
later bile duct sequelae.

Recurrent Portal Hypertension

Portal vein thrombosis may occur in the first postoperative
month and most commonly is manifested as recurrent gas-
trointestinal hemorrhage or ascites. Risk factors for portal
vein thrombosis include preoperative portacaval shunt,
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hypercoagulable states, and intraoperative interposition or
graft use. Doppler ultrasound is diagnostic. If thrombosis is
detected early, balloon dilation and stenting may prevent
the need for reoperation with reconstruction or clot re-
moval, although both are usually followed by the need for
anticoagulation.

Beyond 30 Days After Orthotopic Liver
Transplantation

Fever with Jaundice

The differential diagnosis of fever with jaundice after the first
postoperative month includes ACR, CMV hepatitis, and bil-
iary obstruction. ACR is less common during this window,
and its occurrence usually reflects a reduction in immuno-
suppression because of either decreased absorption, drug-
drug interactions, or poor compliance. CMV hepatitis may
occur as late as three months following transplantation.

Biliary obstruction occurs in 12%–15% of patients after
LT (11). Cholangitis suggests the presence of a biliary stric-
ture with obstruction caused by sludge or stones. Ultra-
sonography may reveal biliary dilation but is not a reliable
finding in this setting. Cholangiography confirms the diag-
nosis and identifies the site of obstruction, which can be re-
lieved by dilitation and stenting in 70%–80% of cases. Dif-
fuse bile duct stricturing occurs in four settings: late HAT,
ABO incompatibility, prolonged cold ischemia, and recur-
rence of sclerosing cholangitis. The long-term outcome of
diffuse biliary stricturing is uncertain, and these patients of-
ten require retransplantation.

Fever

The differential diagnosis includes opportunistic infections
(including fungal infections), post-transplant lymphopro-
liferative disease, and, in recipients more than six months
post-LT, community-acquired infection. Post-transplant
lymphoproliferative disease (PTLD) develops in 2% of LT
recipients and may present as fever of unknown origin. As-
sociated symptoms and signs include lymphadenopathy,
unexplained graft dysfunction, gastrointestinal bleeding,
hepatitis, weight loss, and night sweats. Epstein-Barr virus
infection has been clearly implicated in PTLD pathogenesis
(15). Both polyclonal reactive lymphoid hyperplasia and
monoclonal large-cell lymphomas have been described.
Risk factors for the development of PTLD include a greater
degree of immunosuppression (e.g., use of OKT3) and lack
of previous exposure to Epstein-Barr virus. Primary sites of
disease may include the lymph nodes and tonsillar regions,
hepatic allograft, and gastrointestinal tract. The diagnosis is
suggested by radiographic imaging studies and confirmed
histologically. The cornerstone of management is a reduc-
tion of immunosuppression and high-dosage antiviral
therapy with ganciclovir. Occasionally, chemotherapy may
be of benefit.

Jaundice

Chronic ductopenic rejection affects up to 10% of LT recip-
ients, but its incidence seems to be decreasing. It rarely oc-
curs during the first two months after LT, and it is usually
preceded by multiple bouts of ACR. The diagnosis is based
upon histologic criteria, with a progressive loss of interlob-
ular bile ducts in at least 50% of portal tracts and an oblit-
erative arteriopathy (14). Ductopenic rejection commonly
leads to irreversible graft failure and may necessitate re-
transplantation.

Disease Recurrence

With the improved 5-year survival rate following LT, recur-
rence of native disease has become an important issue in
the long-term management of the LT recipient. Recurrence
of hepatitis C (HCV) is the greatest challenge and is almost
universal. The rate of recurrence is highly variable, and the
average time to cirrhosis is 9–12 years. Treatment of recur-
rent viral infection is complicated and usually unsuccessful.
Risk factors for hepatitis C recurrence include high HCV
RNA pretransplant levels, episodes of acute rejection, in-
creased donor age, and use of more potent immunosup-
pression (16). An accelerated variant, known as fibrosing
cholestatic hepatitis, may result in cirrhosis within one
year. Graft reinfection with hepatitis B has been greatly re-
duced through the use of hepatitis B immune globulin
(HBIg), often in combination with lamivudine. Primary
biliary cirrhosis, autoimmune hepatitis, and primary scle-
rosing cholangitis may also recur. The evaluation and man-
agement of these patients and the controversy surrounding
the role of retransplantation for recurrent disease is beyond
the scope of this discussion.

KEY POINTS

■ Liver transplantation is the treatment of choice for
patients with decompensated cirrhosis, early stage hepa-
tocellular carcinoma, or fulminant hepatic failure.

■ Patients with a Child-Turcotte-Pugh score of 7 or higher
(Class B or above) or criteria that potentially meet MELD
exception criteria (e.g., HCC) should be referred to a trans-
plant hepatologist for liver transplantation evaluation.

■ Assessment of the potential liver-transplant recipient
should focus on the identification of factors that may
preclude transplantation or increase surgical and post-
operative risk.

■ Hepatic allograft function in the immediate postopera-
tive period may be monitored by glucose production,
resolution of metabolic acidosis, and normalization of
coagulation parameters and aminotransaminases.

■ Evaluation of hepatic allograft dysfunction may include
abdominal Doppler ultrasonography, liver biopsy,
cholangiography, or angiography.
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■ Acute cellular rejection is one of the most common
problems after LT and, after histologic confirmation,
is treated by judiciously increasing the level of immu-
nosuppression, adjusting the maintenance immuno-
suppressive regimen, and occasionally administering
antilymphocyte antibody therapy.

■ Suspicion of biliary leaks and strictures should prompt
cholangiography as well as Doppler ultrasonography to
assess for hepatic artery thrombosis. Management in-
cludes antibiotics and endoscopic therapy and drainage
of associated fluid collections.

■ The burden of recurrent hepatitis C with cirrhosis is in-
creasing and presents unique challenges and dilemmas,
particularly in the context of suboptimal treatment op-
tions and a limited donor organ pool.
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Acute Pancreatitis
Douglas A. Corley

INTRODUCTION

Acute pancreatitis (AP) is a common inpatient diagnosis, ac-
counting for approximately 100,000 hospital admissions
per year in the United States. The overall incidence varies
among populations, but one study from Olmsted County,
Minnesota, estimated 17 episodes per 100,000 people per
year. Patients with AP have high levels of resource utiliza-
tion, with median hospital stays of nine days for mild pan-
creatitis to 17 days for severe pancreatitis, and a frequent
need for ICU-level care and interventional procedures. Pa-
tients with complicated pancreatitis may require parenteral
nutrition and surgery, with average ICU stays of 4–14 days.
Variations in management strategies between centers sug-
gest that a unified, evidence-based approach to care may im-
prove patient outcomes, decrease the length of hospital
stays, and lower the utilization of health care resources.

This chapter presents an evidence-based approach to the
management of AP. Information from risk-stratification
and treatment trials is combined to present an overall path-
way for the initial triage and management of patients with
pancreatitis, combined with considerations for postdis-
charge management.

ISSUES AT THE TIME OF ADMISSION

Clinical Presentation and 
Differential Diagnosis

The diagnosis of AP typically requires a combination of
physical symptoms and laboratory abnormalities and can
be elusive in some patients. The evaluation of diagnostic
tests is hampered by the lack of an adequate gold standard.

The classic symptom of AP is upper abdominal pain, often
radiating to the back and sometimes accompanied by nausea
or vomiting. The pain is typically steady, dull, and of grad-
ual onset over several hours. Although frequently severe,

the abdominal pain can be mild or absent. Back pain or nausea
and vomiting may be the only presenting symptoms. A
small number of patients have no pain or vomiting and
present with shock or coma. Pancreatitis can be asymp-
tomatic, discovered incidentally on laboratory and radio-
logic tests obtained for other reasons.

Physical findings of patients with AP are not specific for
this disorder. Patients typically have abdominal tenderness
that is most pronounced in the epigastrium. Because of the
retroperitoneal location of the pancreas, initial signs of
peritonitis such as rebound tenderness, shake tenderness,
and abdominal wall rigidity are less prominent than in pa-
tients with other causes of true peritonitis (Chapter 87).
Peritoneal signs can develop with some of the late compli-
cations discussed subsequently. Patients with peritoneal
signs on initial presentation should be evaluated carefully
for a perforated viscus and other causes of peritonitis with
the appropriate radiologic studies. Bowel sounds fre-
quently are hypoactive because of an accompanying ileus
(Chapter 88), and mild-to-moderate abdominal distension
may be present. Purple or brown discolorations around the
umbilicus (Cullen’s sign) or on the flanks (Grey Turner’s
sign) are seen infrequently; these findings suggest fat necro-
sis and subcutaneous bleeding and may develop over the
first few days in patients with necrotizing pancreatitis.

Evaluation of vital signs demonstrates nonspecific find-
ings of inflammation and hypovolemia. Many patients
have tachycardia, secondary to both pain and volume de-
pletion. Patients may be orthostatic or frankly hypotensive
secondary to volume depletion. Although the presence of
fever requires evaluation for infectious causes (e.g., cholan-
gitis), fever also can be secondary to underlying pancreatic
inflammation in the absence of infection.

The differential diagnosis of AP is broad and includes
peptic ulcer disease, perforated viscus, cholecystitis, cholan-
gitis, mesenteric ischemia, abdominal aortic aneurysm, and
intestinal obstruction; all these entities can be associated
with abdominal pain and elevations of the serum amylase.

86
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Plain radiographs of the abdomen usually differentiate pan-
creatitis from intestinal obstruction or free perforation of a
viscus. Cholecystitis patients typically have pain that is
more prominent in the right upper abdomen but can pre-
sent almost identically to patients with AP. However, ab-
dominal ultrasound in cholecystitis patients usually
demonstrates the gallbladder wall thickening, gallstones,
pericholecystic fluid, or “ultrasonographic Murphy’s sign”
characteristic of this disorder (Chapter 84). Although chole-
cystitis can coexist with pancreatitis, in patients with chole-
cystitis but without AP, the elevation of amylase level is typ-
ically mild and unaccompanied by an elevation of lipase.

Table 86.1 lists the primary causes of pancreatitis. The
most common etiologies of AP are chronic alcohol inges-
tion(40%–60%) and gallstone pancreatitis (30%–50%). An
additional 10%–20% of patients have idiopathic pancreati-
tis; the majority of these patients appear to have microlithi-
asis (biliary crystals or “sludge”) or a motility abnormality of
the ampulla, known as sphincter of Oddi dysfunction.

AP that develops during hospitalization for another
condition has presenting symptoms, differential diagnosis,
and causes similar to “outpatient pancreatitis”. Although
not extensively studied, inpatient pancreatitis is less often
related to alcohol and more commonly related to drugs,
the perioperative state, ischemia from hypoperfusion or
embolism, or microlithiasis. The evaluation and manage-
ment of inpatient and outpatient pancreatitis are similar
and thus are discussed together.

Role of Diagnostic Tests

Laboratory Tests
The effective use of many common laboratory tests in AP
has not been studied, but laboratory evaluation should in-
clude those tests found useful for AP diagnosis, risk stratifi-
cation, and evaluation of complications and causes.

Admission tests should include amylase and lipase lev-
els for diagnosis; total bilirubin, alkaline phosphatase,
alanine aminotransferase (ALT), and aspartate aminotrans-
ferase (AST) levels for evaluation of cholangitis and biliary
obstruction; and calcium, albumin, complete blood cell
count, lactate dehydrogenase, and an electrolyte panel in-
cluding blood-urea nitrogen and creatinine measurements
for evaluation of volume status and risk stratification. Di-
rect measurement of arterial PO2 and base deficit is an in-
tegral part of initial risk stratification. Until validated data
on the utility of peripheral saturations are available, an ar-
terial blood gas should be obtained initially in patients
demonstrating a room-air oxygen saturation of less than
93%. For patients without a known cause of the pancreati-
tis, serum triglycerides should be obtained to evaluate for
hypertriglyceridemia as a cause. Patients with fever should
receive blood cultures to search for the bacteremia that
commonly accompanies cholangitis.

The serum amylase is the most frequently used test for di-
agnosing AP; its advantages include simplicity, availability,
and good performance characteristics, with an overall sen-
sitivity of 80%–90% and a specificity of approximately
70%. The magnitude of amylase elevation correlates poorly
with the severity of pancreatitis and its subsequent clinical
course. Fatal episodes of pancreatitis have been reported without
elevations of the amylase level. The serum amylase rises
within 2–12 hours of symptom onset and typically remains
elevated for 3–5 days; it returns to normal more rapidly
than the serum lipase. Normal amylase levels with elevated
lipase levels and a clinical picture consistent with pancre-
atitis have been reported with delayed presentations, with
alcoholic pancreatitis, and with acute exacerbations of
chronic pancreatitis. Finally, lipemic serum can falsely de-
press laboratory determination of both amylase and lipase.
Falsely elevated levels of serum amylase can be seen with
renal failure, intestinal obstruction or perforation, 
mesenteric ischemia, pancreatic ascites, salivary gland ab-
normalities, and other conditions. Macroamylasemia, an
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TABLE 86.1
MAJOR CAUSES OF PANCREATITISa

Presumed mechanical obstruction
Cholelithiasis/choledocholithiasisb

Pancreatic tumors
Sphincter of Oddi dysfunction
Pancreas divisum

Direct injury
Endoscopic retrograde cholangiopancreatography (ERCP)
Trauma

Drugs/toxinsc

Alcoholb

6-Mercaptopurine/azathioprine
L-asparaginase
Hydrochlorothiazide
Sulfonamides
Estrogens
Pentamidine
Furosemide
Nonsteroidal anti-inflammatory drugs
Tetracycline
5-aminosalicylic acid
Angiotensin-converting enzyme inhibitors
Dideoxyinosine (ddI)

Metabolic/intrinsic
Idiopathicb

Hypertriglyceridemia
Hypercalcemia
Pregnancy
Familial pancreatitis
Hypoperfusion (shock, embolus, vasculitis)

Infections
Viral (Coxsackievirus, mumps, cytomegalovirus)
Bacterial (Campylobacter, Mycoplasma pneumoniae)
Parasites (Cryptosporidium, Ascaris, Clonorchis)

a Definite and probable associations.
b Major cause (�5% of cases).
c Partial list of reported drugs, most are from case reports.
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uncommon condition consisting of poorly cleared aggre-
gated amylase molecules, can cause a persistently elevated
amylase level with a normal lipase level. These other
sources of hyperamylasemia can usually be differentiated
from pancreatitis by evaluating the serum lipase, by mea-
suring the urinary levels of amylase (which are normal in
renal failure or macroamylasemia despite high serum amy-
lase levels), or by fractionating the amylase for the pancre-
atic subtype.

The serum lipase is about as sensitive as and is more spe-
cific (90%) than the serum amylase for diagnosing AP. It is
not produced by the salivary glands; thus, false-positives
are less frequent. Combining the serum amylase and lipase is
the most sensitive and specific strategy for diagnosing AP (1).
Elevation of either enzyme provides a sensitivity of approx-
imately 95%, with a specificity of 90% provided by eleva-
tions of both enzymes. Urine tests, such as urinary
trypsinogen-2, offer advantages in speed but not in accu-
racy of diagnosis compared with serum assays.

Laboratory evaluation facilitates the diagnosis of gall-
stone pancreatitis and cholangitis. A two-fold to three-fold
elevation of any liver test (ALT, AST, alkaline phosphatase,
or total bilirubin) is highly associated with gallstone pan-
creatitis (2). Overall, the most predictive tests are the ALT
and AST. An ALT of more than 150 IU/L has a positive
predictive value of 95% and a specificity of 96% but a
sensitivity of only 48%; the AST performs similarly. Eleva-
tions of the alkaline phosphatase (�300 IU/L) and biliru-
bin (�2.9 mg/dL) have specificities greater than 90% but
are very insensitive (�40%). These tests are thus relatively
specific for gallstone pancreatitis if elevated; however, nor-
mal results do not exclude gallstones as the cause. Cholan-
gitis is suggested by elevated liver tests accompanied by
fever and leukocytosis.

Imaging Studies
Imaging tests in pancreatitis include plain radiographs, ul-
trasound, and computed tomography (CT). The appropri-
ate use and cost effectiveness of these tests have not been
well evaluated. Data support early use of some radio-
graphic studies for diagnosis, triage, and guidance of ther-
apy. Plain films of the abdomen are primarily helpful in
diagnosing other causes of abdominal pain (see earlier in
this chapter); a dilated “sentinel loop” of small bowel over
the inflamed pancreas is a nonspecific finding of pancreati-
tis. A chest radiograph should be obtained in patients with
impaired oxygen saturation to evaluate for evidence of
acute respiratory distress syndrome (ARDS).

Abdominal ultrasound examination should be obtained
within the first 24–48 hours in all patients with a first at-
tack of pancreatitis and in any patient in whom there is no
clear explanation for pancreatitis. Ultrasound effectively
evaluates for the presence of cholelithiasis, cholecystitis,
and common bile duct dilation in patients with potential
gallstone pancreatitis. Ultrasound’s shortcomings include
its limited ability to evaluate pancreatic anatomy (due to
interference from overlying bowel gas) and its poor sensi-
tivity (�50%) for detecting common bile duct stones; the
absence of ductal stones on ultrasound or CT does not ex-
clude the presence of choledocholithiasis. Although it is of-
ten employed in patients with AP, validated risk-stratifica-
tion protocols using ultrasonographic findings exist.

The abdominal CT scan provides clear visualization of the
pancreas and its surrounding structures, and has implica-
tions for risk stratification (Table 86.2) (3). It also may fa-
cilitate diagnosis of AP in the small subset of patients with
falsely normal amylase and lipase levels. Specific protocols
(“pancreatic protocol”) using rapid injection of intra-
venous contrast increase the accuracy of CT for detecting
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TABLE 86.2
COMPUTED TOMOGRAPHY (CT) GRADING OF ACUTE PANCREATITIS

Category CT findings CT score Necrosis present Necrosis score

A Normal 0 No 0
B Focal or diffuse enlargement; irregular contour; 1 �30% of pancreas 3

inhomogeneous attenuation 50% of pancreas 4
C Findings of B plus peripancreatic haziness, 2 �50% of pancreas 6

streaky densities
D Finding of B/C plus one ill-defined prepancreatic 3

fluid collection
E Findings of B/C plus two or more ill-defined 4

fluid collections

Total scorea Morbidity, % Mortality, %

0–3 8 3
4–6 35 6
7–10 92 17

a Total score is the sum of the CT score and the Necrosis score.
Adapted from Balthazar EJ, Robinson DL, Megibow AJ, Ranson JH. Acute pancreatitis: value of CT in establishing prognosis. Radiology
1990;174:331–336.
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proximately 65% and 70%, respectively, for the presence of
at least three factors from the Glasgow criteria (6). The pres-
ence of at least three Glasgow criteria corresponds to a mor-
tality rate of 25%, compared with 4% in patients with fewer
than three criteria (6). These scoring systems thus can guide
initial triage decisions, but modifications in the level of
care frequently are necessary as the patient’s clinical course
evolves. Numerous laboratory tests (such as urinary
trypsinogen activation peptide and C-reactive protein)
have been evaluated, but none markedly enhances early
prognostication beyond standard risk scores.

Indications for Intensive Care Unit Admission

Indications for admission to the ICU include hypoxemia
and persistent hypotension or oliguria despite aggressive
initial volume resuscitation. In addition, the presence of
three or more Ranson or Glasgow criteria within the first 48
hours, or a peak APACHE-II score of greater than 9 in the
first 72 hours, are highly associated with complicated pan-
creatitis and death. Although validated guidelines for AP do
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TABLE 86.3
CLINICAL RISK-STRATIFICATION CRITERIA

Modified Glasgow Criteriaa

Room-air arterial PO2 �60 mm Hg
Serum albumin �3.2 g/dL
Serum calcium �8 mg/dL
White blood cell count �15,000/�L
Aspartate or alanine aminotransferase �200 IU/L
Lactate dehydrogenase �600 U/L
Serum glucoseb �180 mg/dL
Blood urea nitrogen �45 mg/dL

Ranson Criteria
On admission

Age �55 y
White blood cell count �16,000/�L
Serum glucose �200 mg/dL
Lactate dehydrogenase �350 IU/L
Aspartate aminotransferase �250 IU/L

During the first 48 hrs
Fall in hematocrit of �10 points
Serum calcium �8 mg/dL
Base deficit �4 mEq/L
Increase in blood urea nitrogen �5 mg/dL
Fluid sequestration �6 L
Arterial PO2 �60 mm Hg

a Predominantly useful in gallstone pancreatitis.
b Predominantly useful in alcoholic pancreatitis.
From Blamey SL, Imrie CW, O’Neill J, Gilmour WH, Carter
DC. Prognostic factors in acute pancreatitis. Gut
1984;25:1340–1346; and Wilson C, Heath DI, Imrie CW.
Prediction of outcome in acute pancreatitis: a comparative
study of APACHE II, clinical assessment and multiple factor
scoring systems. Br J Surg 1990;77:1260–1264; and Ranson
JH, Rifkind KM, Roses DF, Fink SD, Eng K, Spencer FC.
Prognostic signs and the role of operative management in
acute pancreatitis. Surg Gynecol Obstet 1974;139:69–81; and
Ranson JH. The timing of biliary surgery in acute pancreatitis.
Ann Surg 1979;189:654–663.

pancreatic necrosis. In one study, patients without 
pancreatic necrosis on any CT scans throughout their hos-
pitalizations had no deaths and only a 6% complication
rate; however, 22% of patients without necrosis on the ini-
tial CT scan subsequently developed complications. There-
fore, a benign CT scan on admission does not preclude a
complicated clinical course. In addition, the combination
of early CT scans and clinical risk scores (see the following
section) does not markedly improve the ability to predict
which patients will require ICU admission beyond the clin-
ical risk scores alone (4). Currently, the routine use of early CT
scans in all patients with AP is unnecessary. If effective agents
for altering the natural history of pancreatitis become avail-
able, early CT scans may be helpful to stratify patients for
risk and guide appropriate therapy. In addition, patients
with severe pancreatitis by clinical criteria may benefit from
an early CT scan if the detection of extensive necrosis would
prompt the initiation of prophylactic antibiotics. Magnetic
resonance imaging may be useful in patients who cannot
have CT scans performed (due to contrast allergy or renal
insufficiency); its utility in evaluating for choledocholithi-
asis is unproved in this patient population.

Prognostic Factors

Several risk factor scoring systems can predict the risk of severe
pancreatitis with moderate accuracy. However, these systems
typically do not reach their peak prognostic value until 48
hours after admission (5). The development of new disease-
modifying agents that are effective if given early in the clinical
course will increase the need for prompt prognostication. The
most commonly used scoring systems are the Ranson criteria,
the Glasgow criteria, and APACHE scores (5). Table 86.3 out-
lines the Ranson and Glasgow criteria. A modification of the
Ranson criteria to improve its performance for gallstone pan-
creatitis has been proposed but has not been extensively eval-
uated. The presence of more than three Ranson criteria at any
time within the first 48 hours has the highest sensitivity
(86%), specificity (98%), and positive predictive value (86%)
for a severe clinical course in patients with alcohol-induced
pancreatitis. The peak APACHE-II score and Glasgow criteria
are more accurate for gallstone pancreatitis. APACHE-II scores
on admission do not perform as well as the other multiple-
factor criteria and are more cumbersome to calculate.

As a single scale, the Glasgow criteria have the best overall
performance characteristics for correctly predicting the develop-
ment of complicated pancreatitis (defined as the presence of
infection, organ failure, pancreatic necrosis, or pseudocyst
or the development of a major complication such as my-
ocardial infarction or pulmonary embolism). The scoring
systems predict complicated pancreatitis more accurately
than clinical acumen alone, particularly in patients with
gallstone pancreatitis. Clinicians correctly predict a severe
course in approximately 19% of patients with gallstone
pancreatitis and in 55% of patients with alcohol-induced
pancreatitis. This compares with correct predictions of ap-
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not exist, data suggest that patients with these features have
a more severe clinical course and higher rates of ICU ad-
mission. In these patients, intensive or step-down care can
facilitate vital-sign monitoring and access to equipment for
rapid fluid resuscitation, intubation, and dialysis.

Initial Management

The principal goals of therapy in AP are controlling pain,
treating reversible causes, preventing organ failure, and
minimizing peripancreatic complications such as infection
and complicated fluid collections. Figure 86.1 provides a
suggested clinical pathway.

Supportive care with intravenous fluids, electrolyte re-
placement, and blood glucose monitoring with insulin (if
needed) are standard clinical practices. Because pancreatic
stimulation may aggravate pancreatitis symptoms, patients
initially should not receive oral nutrition. Nasogastric suc-
tion may be employed for symptomatic relief in patients
with vomiting or ileus; its routine use does not hasten re-
covery from AP.

Patients with inadequate volume resuscitation are at risk
for hypovolemic shock, and experimental data support the
role of adequate volume replacement as a primary initial
intervention for AP. Volume replacement should be titrated
to the patient’s blood pressure, pulse rate, and urine out-
put. Patients with persistent hypotension, tachycardia, and
low urine outputs likely require vigorous ongoing fluid re-
suscitation; patients with severe pancreatitis may require 8–12
liters of fluid over the first 24 hours. The optimal fluid type for
resuscitating AP patients is unknown, and the advantages
and disadvantages of different types (e.g., crystalloids vs.
colloids) are discussed in Chapter 25.

Pain control typically includes opiate analgesics. Al-
though morphine has a theoretical advantage over meperi-
dine in that it causes less spasm of the sphincter of Oddi,
there is no evidence that this translates into a clinical ad-
vantage. Patient-controlled analgesia is associated with im-
proved pain control and lower resource utilization.

Finally, reversible causes should be treated. Patients
without a clear explanation for their pancreatitis should
discontinue nonessential suspect medications and receive
an evaluation for secondary causes such as gallstone pan-
creatitis (see the Diagnostic Tests section).

Despite extensive investigation, few therapies currently
improve the outcome or symptoms of AP (Table 86.4). Al-
though the trypsin inhibitor gabexate or somatostatin may
decrease the incidence and severity of pancreatitis induced
by endoscopic retrograde cholangiopancreatography
(ERCP) (7), studies conflict, and neither agent is effective
for treating AP. The platelet activation factor antagonist lex-
ipafant decreased morbidity and mortality rates in initial
trials, but subsequent investigations have not confirmed
this observation (8). If proven to be effective, such agents
may offer the potential for effective early pharmacologic in-
tervention in AP.

Indications for Early Consultation

Management of pancreatitis varies markedly among insti-
tutions. Admission services include internal medicine,
gastroenterology, and general surgery dependent upon
institutional practices and expertise. No studies exist evalu-
ating differences in outcome based on admitting service.
For patients admitted to surgery or medicine services, early
gastroenterology consultation for possible ERCP should
be considered in patients with evidence of cholangitis, bil-
iary pancreatitis, traumatic pancreatitis, evidence of pan-
creatic duct disruption, or severe, unremitting idiopathic
pancreatitis. For patients admitted to medical services, early
surgical consultation should be considered in patients with
pancreatic necrosis, particularly if potential infection is in-
dicated (i.e., fever, elevated white blood cell count). The
management of complicated pancreatitis frequently re-
quires a team approach with a medical intensivist, general
surgeon, gastroenterologist, and interventional radiologist.

ISSUES DURING THE COURSE OF
HOSPITALIZATION

Laboratory Monitoring

The need for ongoing laboratory monitoring is dictated by
the severity of the pancreatitis. Daily measurements of
serum amylase or lipase have no demonstrated prognostic
value. Follow-up measurements may be helpful in con-
firming normalization of the amylase; additional measure-
ments on day 2 or 3 and on day 5 or 6 provide sufficient
information in an uncomplicated patient. Persistent eleva-
tions are associated with ongoing pancreatitis, pancreatic
ascites, and the development of pseudocysts. Because of the
potential for large fluid and electrolyte shifts, initial daily
monitoring of electrolytes is advisable. Additional moni-
toring for signs of organ failure includes determination of
blood-urea nitrogen, creatinine, bicarbonate, and oxygen
saturation levels. Calcium monitoring is an integral part of
some risk-stratification criteria. AP may cause hyper-
glycemia; thus, monitoring of serum glucose, accompanied
by appropriate insulin administration, is required.

Nutrition

The initial withholding of enteral nutrition in AP patients
is standard practice. The delivery of fats and proteins to
the duodenum results in stimulation of pancreatic secre-
tion, which may be harmful in the acute setting. In the
absence of clinical trial data, this practice is supported by
observations that patients with early pancreatitis may have
increases of pain with eating, and there is no known detri-
ment caused by brief periods of minimal nutrition.

Patients with peripancreatic fluid collections, pancre-
atic infections, and other complications of pancreatitis
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Day 1:
First 4 hours 
of stay

Amylase, lipase,
Chem-7, CBC, 
calcium, albumin,
LDH, triglycerides,
ALT, AST, total
bilirubin.
Blood cultures if fever. 
ABG and CXR if
room air saturation
< 93%.

Determine clinical 
risk stratification,
other appropriate
tests to establish
diagnosis (e.g.
abdominal film, CT)

Intravenous fluid

Opiate analgesics.
IV antibiotics if 
possible cholangitis.
Discontinue poten-
tially offending
medications.
Glucose monitoring
with insulin as
needed

Vitals/Temp

Room Air 02 sat
I&O’s
Admission weight

As tolerated

NPO except 
simple fluids as 
tolerated

Day 1:
Additional
Tasks

Abdominal ultra-
sound for index
presentation or
unexplained
pancreatitis

Notify PMD.
Consider CT for
severe pancre-
atitis or if
patient unstable

Intravenous fluid

Opiate
analgesics.
Glucose 
monitoring with
insulin as 
needed

Consider:
ERCP for 
complicated
gallstone 
pancreatitis

Vitals/Temp

Room Air 02 sat
I&O’s

As tolerated

NPO except 
simple fluids as
tolerated

Discuss expected
LOS with SW
& pt/family (avg.
8–10 days for
mild, 2–3 weeks
for severe AP);
Review home
situation, 
alcohol use

Orient to unit

Day 2

Chem-7, CBC, 
calcium, albumin;
recheck ALT, AST,
bili if initially
abnormal, ABG if
severe pancreatitis.
Check blood cul-
tures if obtained.
Confirm official
ultrasound inter-
pretation

Intravenous fluid

Opiate
analgesics

Consider:
ERCP for 
complicated 
gallstone 
pancreatitis

Vitals/Temp

Room Air 02 sat
I&O’s
Weight

As tolerated

NPO except 
simple fluids as
tolerated

MD/RN/SW com-
munication re: pt
status, plan for
discharge care,
need for alcohol
rehabilitation

Day 3

Amylase or
lipase, Chem-7,
CBC, calcium,
albumin

Check final 
culture results

Intravenous
fluid as needed

Taper analgesics
as tolerated

Vitals/Temp

Room Air 02 sat
I&O’s
Weight

As tolerated

Advance diet if
AP resolving

MD/RN/SW
communication
re: pt status,
plan for 
discharge care

Discharge
teaching (meds)

Day 4

Recheck unstable
laboratory values
(e.g., electrolytes)

Intravenous fluid
as needed

Taper analgesics
as tolerated

Vitals/Temp

As tolerated

Advance diet if
AP resolving

MD/RN/SW com-
munication re: pt
status, plan for
discharge care

Discharge 
teaching (meds)

Day 5-10:
Uncomplicated
course

Recheck unstable
laboratory values
(e.g., electrolytes)

Intravenous fluid
as needed

Taper analgesics
as tolerated, 
consider change
to p.o. pain 
medications for
mild residual pain
in stable patients

Vitals/Temp

As tolerated

Advance diet if
AP resolving

Discharge needs
met:  meds, VNA,
transportation,
risk reduction
(e.g. alcohol
rehab, change in
meds, etc.), F/U
appt  made, Pt
instruction sheet

Review with pt &
family: Meds, D/C
plan, F/U appt,
return signs & sx

Tests

Medications
and
Theraputics

Nursing
Assessment

Activity

Nutrition

Discharge
Planning

Patient 
Education

Complicated
Pancreatitis

If not improving
ing after 4–5
days, consider
abdominal CT,
amylase or
lipase, 
Chem-7, CBC,
calcium, LFTs

?Specialty 
consult 

Consider:
Prophylactic
antibiotics if
CT shows
severe 
necrosis

Vitals/Temp

Continue I&O’s
and daily
weights if not
improving to
monitor volume

Consider 
supplemental
nutrition

Figure 86.1 Critical pathway: acute pancreatitis. ABG, arterial blood gas; ALT, alanine aminotransferase; AP, acute pancreatitis;
AST, aspartate aminotransferase; CBC, complete blood count; CT, computed tomography; CXR, chest radiograph; D/C, discharge;
ERCP, endoscopic retrograde cholangiopancreatography; F/U, follow-up; I&O's, intake and outputs; IV, intravenous; LDH, lactate
dehydrogenase; LFTs, liver function tests; NPO, nothing by mouth; O2 sat, oxygen saturation; PMD, primary care physician.

26410 ch 086  3/25/05  4:23 PM  Page 854



frequently require prolonged hospitalization; the optimal
route of nutrition in these patients has changed in recent
years. Traditionally, patients with complications received
parenteral nutrition. Most late complications of AP, how-
ever, are secondary to peripancreatic damage and infection
rather than from ongoing active pancreatitis. Recent small
randomized trials of AP patients found that patients receiv-
ing enteral nutrition had fewer total complications, fewer
infections, and lower overall hospital costs than patients re-
ceiving parenteral nutrition (9). These findings are consis-
tent with trials of enteral versus parenteral nutrition for
other gastrointestinal disorders (Chapter 15). Thus, patients
who lack contraindications to enteral feeding and who are un-
able to initiate oral nutrition after 5–7 days should receive en-
teral nutrition via nasoenteric tube rather than parenteral nutri-
tion. If pancreatitis recurs after starting enteral nutrition,
patients are intolerant of enteral feeding, or other con-
traindications to enteral feeding exist, parenteral nutrition
should be considered.

Antibiotics

Prophylactic antibiotic use in patients with severe pancre-
atitis is beneficial in reducing infectious complications but
has not been clearly demonstrated to improve the overall
survival rate. Septic complications are the most frequent
late cause of death in AP. Thus, the use of prophylactic an-
tibiotics in pancreatitis patients has been the subject of sev-
eral randomized controlled trials. Early trials suggested no

benefit from prophylactic antibiotics. More recent trials us-
ing antibiotics with better pancreatic penetration (e.g.,
quinolones and imipenem) demonstrated significantly
fewer infectious complications in treated patients than in
placebo-treated control subjects (10), but concerns about
the development of antibiotic resistance and fungal super-
infections have tempered widespread use of prophylactic
antibiotics in patients with AP.

The best current evidence supports prophylactic antibiotic use
in patients with evidence of cholangitis or severe necrotizing pan-
creatitis. Patients with clinical evidence of severe pancreati-
tis should receive an early CT scan to look for pancreatic
necrosis; patients without necrosis or fluid collections ap-
pear unlikely to benefit from prophylactic antibiotics. In
other patients who develop clinical signs of infection, early
antibiotic use should be considered. Patients may benefit
from needle aspiration of necrotic tissue to guide antibiotic
therapy (see the section on pancreatic necrosis). Further
research (evaluating both mortality and nonlethal end-
points) will be needed to determine precisely which pa-
tients benefit from antibiotics.

Endoscopic Retrograde
Cholangiopancreatography

ERCP with sphincterotomy improves outcomes in a sub-
group of AP patients with gallstone pancreatitis. This tech-
nique uses endoscopic guidance to open the sphincter of
Oddi using an electrocautery wire, with removal of com-
mon bile duct stones and “biliary sludge.” The primary
benefit occurred in patients with severe pancreatitis and ev-
idence of cholangitis or biliary obstruction (11,12). The
only study demonstrating no morbidity-rate benefit ex-
cluded patients who were febrile or who had a total biliru-
bin level greater than 5 mg/dL. In studies of endoscopic
sphincterotomy performed for any reason, complications
(bleeding, perforation, pancreatitis, and death) occurred in
approximately 10% of all patients and were usually man-
aged conservatively. However, the overall complication
rate appears lower in patients with AP, with a 2.3% rate
noted in a recent trial. Because of the risk of complications
and the apparent lack of efficacy in patients with mild pan-
creatitis, endoscopic sphincterotomy should be reserved for pa-
tients with presumed gallstone pancreatitis and evidence of
cholangitis, persistent biliary obstruction, or unremitting pancre-
atitis. Patients without evidence of cholangitis and those
with elevated liver tests that rapidly normalize typically do
not require emergent sphincterotomy. Patients with severe
idiopathic pancreatitis also may benefit given the substan-
tial proportion of these patients having microlithiasis (see
later in this chapter). Magnetic resonance cholangiopan-
creatography recently has been evaluated for diagnosing
abnormalities of the pancreas and biliary tree. Although it
is noninvasive, it is also expensive and does not offer a ther-
apeutic potential. Its role in acutely diagnosing common
bile-duct stones in this patient population is unclear.
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TABLE 86.4
MEDICAL THERAPIES IN ACUTE PANCREATITIS

Effective therapiesa

ERCP for patients with pancreatitis and cholangitis
Analgesics for pain relief
Antibiotics in patients with severe pancreatitis and risk factors 

for/clinical signs of cholangitis/pancreatic necrosis
Probably effective therapiesb

Correction of electrolyte abnormalities
Volume replacement
Initially holding oral nutrition
Debridement or drainage of infected necrosis
Lexipafant administration within 48 h of initial symptoms
Gabexate or somatostatin for prophylaxis of ERCP-induced 

pancreatitis
Nasogastric suction for symptoms related to ileus

Probably ineffective therapiesc

Pharmacologic inhibition of pancreatic secretion (e.g., octreotide)
Trypsin inhibition after initiation of pancreatitis
Peritoneal lavage
Nasogastric suction

a Demonstrated in randomized clinical trials without significant
conflicting data.
b Large clinical experience or generally supported by experimental
studies.
c No benefit in randomized trials.
ERCP, endoscopic retrograde cholangiopancreatography.
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Complications of Pancreatitis

Early Complications

Complications in the first 48 hours usually are related to
hypovolemia, shock, intra-abdominal hemorrhage, ARDS,
renal failure, and electrolyte abnormalities. Pancreatitis can
result in massive volume shifts, with subsequent hypov-
olemic shock. ARDS and other severe pulmonary compli-
cations occur in approximately 15% of patients.

The management of early complications is primarily
supportive. Patients require aggressive early hydration, as
discussed for initial management. Serum electrolytes
should be assayed at least daily for the first few days, with
appropriate replacement. Hypocalcemia frequently devel-
ops; it is usually asymptomatic. Renal failure may require
dialysis, and respiratory failure may require intubation. Pa-
tients with persistent hypotension after initial volume
resuscitation, oliguria, or ARDS may benefit from hemody-
namic monitoring to guide volume replacement.

Late Complications

Complications occurring after 5–7 days are primarily in-
fectious. The principal one is infected necrosis, occurring in
approximately 5% of patients. Although the majority of
infections occur within the first two weeks, delayed pre-
sentations are not uncommon. In one series, almost 50%
of infections occurred more than 2 weeks after presenta-
tion. Pancreatic infection is associated with a high
mortality rate, accounting for up to half of all deaths in
necrotizing pancreatitis. If pancreatic infection is sus-
pected because of fever or an elevated white blood cell
count, radiologically guided percutaneous aspiration
should be performed. This method permits reasonable
discrimination between infected and sterile necrosis and
may allow isolation of a pathogen for culture and antibi-
otic sensitivities. Indications for CT scans in the setting of
AP include failure to respond to conservative therapy after
the first 5–7 days, persistent pain or elevations of serum
amylase, fever beyond the first 5–7 days, or progressive
abdominal distension. Under these conditions, the
presence of necrosis, large peripancreatic fluid collections,
or significant ascites suggestive of pancreatic duct dis-
ruption with resultant pancreatic ascites alters clinical
management.

The management of pancreatic infection is primarily sur-
gical. The traditional approach has been open debridement
of the necrotic tissue. Because the devitalized tissue is typi-
cally neither liquefied nor vascularized, it would seem that
nonsurgical drainage would be unlikely to successfully evac-
uate the infected tissue, and antibiotics would have limited
penetrance. Nevertheless, percutaneous drainage, endo-
scopic drainage, and antibiotics alone all have been used
successfully in selected patients with infected necrosis
(there are no trials comparing these methods). For example,

a pancreatic abscess consisting largely of infected fluid
rather than pancreatic tissue may be treated adequately with
antibiotics and percutaneous drainage. It frequently is diffi-
cult, however, to distinguish between infected fluid and in-
fected necrosis by CT. The weight of the evidence suggests that
patients with extensive areas of infected necrosis should be treated
surgically. Consultation with a general surgeon experienced
in pancreatic surgery and an interventional radiologist
trained in percutaneous drainage is advisable in patients
with pancreatic infection to discriminate between available
therapies. Studies indicate that the treatment of limited ster-
ile necrosis with surgery, peritoneal lavage, or percutaneous
evacuation is ineffective or even harmful.

Pancreatic Duct Disruption

A less common complication is pancreatic duct disruption.
Pancreatic disruption can occur at any time. If localized, this
disruption can lead to an expanding pseudocyst; if the leak
is not contained, disrupted ducts may cause pancreatic as-
cites. Fluid in pancreatic ascites is high in amylase (approx-
imately fivefold more than serum amylase), usually has a
white blood cell count of more than 500 per cubic millime-
ter, and can lead to pancreatic hydrothorax. Treatments at-
tempted for pancreatic duct disruption include octreotide to
decrease pancreatic secretion, stenting of the pancreatic duct
via ERCP to bypass the sphincter, percutaneous catheter
drainage of pseudocysts, and surgical repair. No compara-
tive trials exist, but these strategies appear equally effica-
cious (60%–90% in small series). The majority of duct
disruptions resolve slowly with conservative therapy over
4–6 weeks. Initially, octreotide should be used as primary
therapy or in conjunction with endoscopic or percutaneous
drainage. Available data suggest a dose of at least 150 mg
subcutaneously every eight hours. Critically ill inpatients
may receive an intravenous infusion of 25–50 mg per hour.
Patients who fail these therapies should be evaluated for
surgical correction of the disrupted duct.

The majority of peripancreatic fluid collections resolve
by six weeks after presentation; the remainder may develop
into organized collections known as pseudocysts that are
surrounded by adjacent organs and inflammatory material.
Asymptomatic pseudocysts can be observed safely (13);
infected, markedly symptomatic, or enlarging pseudocysts
require drainage. Even large pseudocysts (�6 cm) can
be followed, with interventions performed only for
complications.

The optimal means of pseudocyst drainage is unknown
and likely varies with the location of the fluid collection
and whether it communicates with the pancreatic duct. Sur-
gical techniques typically create a communication between
the pseudocyst and adjacent bowel. Radiologic methods
utilize continuous or intermittent drainage with percuta-
neous catheters. Endoscopic techniques either create a
communication with adjacent stomach or duodenum or
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place a stent across the ampulla through the pancreatic duct
and into the pseudocyst. All these methods appear to have
similar efficacy, and the optimal technique in a given
patient should be decided with the appropriate consul-
tants, considering the pseudocyst’s anatomic location and
local expertise.

DISCHARGE ISSUES

Patients with mild pancreatitis typically have an uncompli-
cated course characterized by a rapid improvement in
symptoms over 3–5 days and are able to restart oral intake
by days 3–6. The amylase rapidly returns to normal, and
the average hospital stay is 8–10 days. In contrast, pro-
tracted pain, fever, abdominal distension, or pain upon
refeeding suggest a complicated course. Criteria for dis-
charge include the ability to take adequate oral nutrition
without symptoms or signs of recurrent pancreatitis, and
appropriate recognition and treatment of any complica-
tions. Patients with large asymptomatic pseudocysts, for
example, do not require ongoing hospitalization; however,
they do require close outpatient monitoring for the devel-
opment of pain or fever. In addition, a follow-up CT scan
or ultrasound should be obtained 1–3 weeks after dis-
charge to confirm that the pseudocyst is not enlarging. Per-
manent pancreatic endocrine or exocrine insufficiency is
uncommon in the absence of chronic pancreatitis. Patients
requiring insulin during the hospitalization should be in-
structed in insulin administration and glucose monitoring;
their insulin requirement frequently decreases or is elimi-
nated as the pancreas recovers.

Important discharge issues include evaluation of the
cause of pancreatitis and prevention of future episodes. Fol-
low-up management should include cessation of alcohol
use in patients with alcoholic pancreatitis, cholecystectomy
in patients with gallstone pancreatitis, and further evalua-
tion of patients with idiopathic pancreatitis.

Patients with gallstone pancreatitis should have a cholecystec-
tomy as soon as the pancreatitis and its immediate complications
resolve. More than 30% of patients with gallstone
pancreatitis and uncorrected cholelithiasis have a recurrent
episode, many within the next several months. Significant
delays in surgery do not appear to improve surgical out-
comes for patients with mild-to-moderate pancreatitis; thus,
cholecystectomy should be performed prior to or soon after
discharge from the index hospitalization in these patients.
Patients with severe pancreatitis are at a higher risk of surgi-
cal complications; in this population, the risk of recurrent
pancreatitis may be less than the risk of early surgery per-
formed prior to the improvement of pancreatic necrosis and
fluid collections. Selected patients with primarily biliary
tract disease, particularly those at high risk for surgery, may
require only an endoscopic biliary sphincterotomy.

Approximately one-third of patients with AP have “idio-
pathic pancreatitis,” without any potential causes found on

history or laboratory examination. The likelihood of recur-
rent episodes of pancreatitis in these patients is controver-
sial, and the appropriate evaluation is unknown. However,
numerous small series suggest that microlithiasis (“biliary
sludge”) frequently is responsible (14). Microlithiasis is de-
tected by aspirating bile percutaneously or during ERCP, or
by ultrasonographic detection of sludge in an acute or con-
valescent patient. Nearly three out of four patients with id-
iopathic pancreatitis (without a prior cholecystectomy)
will be found at ERCP to have either microlithiasis or com-
mon bile duct stones. Microlithiasis patients treated with
cholecystectomy or biliary sphincterotomy have a lower re-
currence rate of pancreatitis (10%) than patients treated
conservatively (73%), in nonrandomized series. Patients
with evidence of biliary sludge by ultrasonography or
ERCP, therefore, should undergo cholecystectomy or bil-
iary sphincterotomy.

An uncommon but potentially serious cause of idio-
pathic pancreatitis is a pancreatic or periampullary neo-
plasm. Although survival from most pancreatic neoplasms
is poor, detection significantly alters management deci-
sions. If not obtained during the attack of pancreatitis,
patients with idiopathic pancreatitis should have an ab-
dominal CT scan to rule out a pancreatic mass once the
index episode of pancreatitis resolves.

If these investigations are unrevealing, the patient may
be observed. Randomized studies suggest that anatomic
or functional biliary obstruction is a frequent cause of id-
iopathic pancreatitis. Thus, if pancreatitis recurs, ERCP
should be performed to evaluate the pancreatic anatomy.
Based on its findings, sphincterotomy, aspiration of bile
for crystal analysis, and/or biliary manometry should be
considered.

COST CONSIDERATIONS AND
RESOURCE USE

The vast majority of patients with AP require management
and observation in the inpatient setting. The average hos-
pital costs associated with complicated pancreatitis are esti-
mated at more than 10 times those of mild pancreatitis.
The serious complication rate is approximately 25%, with a
total mortality rate of 2%–10%. The most important issue
from the perspective of reducing the costs for AP patients is
managing the use of the ICU and invasive procedures. The
appropriate triage of patients to the ICU, identification of
patients likely to have a complicated course, and initiation
of appropriate individualized therapies are the principal
determinants of hospital stay. The impact of a directed
guideline on total cost is unknown. Avoiding daily blood
tests once patients have stabilized, minimizing CT scans in
patients with mild pancreatitis, and using enteral (rather
than parenteral) nutrition in appropriate patients likely
would reduce inpatient costs without adversely affecting
patient outcomes.
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KEY POINTS

■ All patients with AP should be evaluated for possible
admission.

■ A combination of amylase and lipase levels is most
sensitive and specific for diagnosis.

■ Persistent hypotension or oliguria despite resuscitation, or
the presence of several clinical risk-stratification criteria
(Ranson or Glasgow score �3 or an APACHE-II score �9)
identifies a subset of patients at greater need for ICU ad-
mission and at higher risk of subsequent complications.

■ Patients with adverse prognostic indicators should be
stabilized rapidly in an ICU and monitored for compli-
cations (e.g., renal failure, ARDS, and hypotension).

■ Evaluation for the etiology of an index episode of
pancreatitis includes a careful history for alcohol, medi-
cation, and toxin exposure; evaluation of serum amino-
transferases and an abdominal ultrasound for gallstone
pancreatitis; acute and convalescent evaluation for hy-
perlipidemia and hypercalcemia; and an abdominal CT
to evaluate for a pancreatic neoplasm.

■ ERCP with sphincterotomy improves outcomes in pa-
tients with gallstone pancreatitis and evidence of cholan-
gitis or ongoing biliary obstruction.

■ Use of prophylactic antibiotics in patients with severe
pancreatitis may improve outcomes.

■ For most patients requiring supplemental nutrition,
enteral nutrition improves outcomes and decreases costs
compared with parenteral nutrition.

■ Identifiable causes of pancreatitis require in-hospital or
posthospital interventions to decrease the risk of recur-
rent pancreatitis.

■ Patients with more than one episode of unexplained
pancreatitis should undergo ERCP for evaluation (and
potential treatment) of biliary microlithiasis, functional
disorders of the ampulla, and structural abnormalities of
the pancreatic duct.
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Other Abdominal 

Emergencies: 

Appendicitis, 

Diverticulitis, and 

Ischemic Bowel
Lily C. Chang E. Patchen Dellinger

INTRODUCTION

This chapter discusses the evaluation of patients with
acute abdominal pain. We have chosen three clinical con-
ditions to highlight this process, but several principles ap-
ply to the evaluation of all patients with acute abdominal
pain. The first of these principles is the importance of
shifting the initial focus from making a diagnosis to car-
ing for the acute needs of the patient. In addition to gath-
ering information that elucidates a diagnosis, the physi-
cian should also initiate immediate resuscitative
measures; sometimes these will reverse or alleviate the
symptoms associated with the disease process. These ini-
tial resuscitation measures are based on an assessment of
the standard “ABCs” of basic life support. In the setting of
abdominal pain, the “C” in “ABC” should serve as a re-
minder to establish large-bore intravenous access for vol-
ume resuscitation and administration of medications. The
risks incurred during resuscitation need to be weighed
against the risks from inaction. For example, a patient
with a history of congestive heart failure might develop

pulmonary edema from volume repletion but may also be
at risk for myocardial infarction or renal complications as
a result of inadequate fluid resuscitation.

Following the “ABCs,” the next three steps are employed
variably but should be considered in each case.

“D, E, and F” represent nasogastric decompression,
physical examination, and Foley catheterization. Nasogas-
tric decompression is often necessary in a patient with nau-
sea, vomiting, and abdominal pain. Decompressing the
stomach reveals the nature of its contents and diminishes
the risk of aspiration. Foley catheterization is integral to as-
sessing the adequacy of resuscitation. A patient with an
acute abdomen often requires large volumes of intravenous
fluids before urine output begins. The fluid shifts that ac-
company diffuse peritonitis can approximate those seen
with a 50% body surface area burn. In general, fluid resus-
citation should be pursued vigorously until urine output is
adequate or rales are auscultated on pulmonary examina-
tion. The initial physical examination is critical for establish-
ing the pace and focus of the workup. A patient with mild
vague abdominal tenderness can be evaluated with a
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thorough history and repeat physical examinations,
whereas a patient with signs of diffuse peritoneal inflam-
mation requires immediate surgical consultation.

Once a patient is stabilized, a thorough history and
physical examination are two of the most valuable pieces of
information for accurately diagnosing the cause for
abdominal pain. The history should elucidate the onset,
nature, location, and duration of the pain as well as allevi-
ating and aggravating factors. The onset may be discrete
and memorable, as in the case of perforated viscus, but
more often is insidious and difficult to define. Pain can be
progressive (e.g., appendicitis), episodic (e.g., biliary colic),
or sudden and severe (e.g., acute mesenteric ischemia). The
origin, current location, and shift in pain help identify the
location and status of the disease process.

Although not always feasible, physical examination
should be performed early and often by the same exam-
iner. A complete examination that assesses the heart,
lungs, kidneys, and reproductive systems is essential to de-
fine potential nongastrointestinal sources of abdominal
pain such as myocardial infarction, pneumonia,
nephrolithiasis, or pelvic inflammatory disease. The ab-
dominal examination should be directed to the point of
maximum tenderness last. Tenderness upon light palpa-
tion is significant, especially if it persists while the patient
is distracted. Pain elicited with the release of deep palpa-
tion (“rebound tenderness”) does not necessarily differen-
tiate among gastroenteritis, constipation, ileus, or more
serious causes of abdominal pain. The technique of eliciting
rebound tenderness is crude and unnecessarily painful for a pa-
tient with peritoneal inflammation. The same information
can be obtained by detecting direct and referred percus-
sion tenderness in the same manner as percussing the
chest. This can be performed with only enough force to
elicit a minimal response, and graded accordingly. Rectal
and pelvic examinations are essential and further localize
tenderness. By adhering to this initial approach, one can
initiate rational diagnostic testing and therapy for the pa-
tient with abdominal pain regardless of the cause. The re-
mainder of this chapter discusses three different causes of
abdominal pain requiring surgical evaluation: acute ap-
pendicitis, diverticulitis, and ischemic bowel. Other causes
of acute abdominal pain are covered elsewhere in this sec-
tion of this book (e.g., cholecystitis, Chapter 84; pancre-
atitis, Chapter 86).

ACUTE APPENDICITIS

The appendix arises from the cecum and generally lies
within the right lower quadrant of the abdomen. However,
anatomic variation is common, and this can lead to an
unusual presentation and delay in the diagnosis of acute
appendicitis. Appendicitis may result from luminal ob-
struction secondary to fecaliths, lymphoid hyperplasia,
parasites, or tumors. Venous engorgement, with resultant

impairment in arterial flow, leads to ischemia, then necro-
sis, first of the mucosa and subsequently of the muscular
wall. Mucosal erosions or ischemia allows bacterial inva-
sion and a subsequent local inflammatory response. The
incidence of acute appendicitis is approximately 11 cases
per year per 10,000 population. Appendectomy is the most
common surgical procedure performed because of abdom-
inal pain, resulting in approximately 300,000 yearly ap-
pendectomies in the United States (1).

Issues at the Time of Admission

Clinical Presentation

The clinical presentation of acute appendicitis is highly
variable. Classically, the sequence of events begins with
vague epigastric or periumbilical abdominal pain, followed
by anorexia, nausea, and vomiting. This symptom complex
is usually but not always associated with low-grade fever.
Within 24 hours the pain migrates to the right lower quad-
rant, and there is discomfort on walking, coughing, or mov-
ing. Pain is usually constant and unremitting. Variation of
this sequence is common, but the symptoms and signs are
generally progressive. If perforation occurs, there may be
temporary relief from pain until symptoms of peritonitis
become evident.

The key to diagnosis is often the physical examination.
Over 95% of patients have abdominal tenderness, often lo-
calized to one-finger palpation over McBurney’s point.
There may be mild muscular rigidity and localized peri-
toneal signs. Other signs include pain in the right lower
quadrant with palpation of the left lower quadrant (Rovs-
ing’s sign). In less than 10% of patients, the psoas sign
(pain in right hip with extension associated with retrocecal
appendix) or obturator sign (pain with internal hip rota-
tion associated with pelvic appendix) are also present. Rec-
tal and pelvic examinations may help differentiate appen-
dicitis from gynecologic problems.

Differential Diagnosis and Initial Evaluation

Acute appendicitis may mimic almost any acute abdominal
illness. Conversely, most acute abdominal problems may
resemble appendicitis. The differential diagnosis varies
with the age and the gender of the patient ( Table 87.1). The
rate of incorrect (false-positive) diagnoses of appendicitis
has been reported to be as high as 20% in males and 40%
in females (2). Perforated appendicitis may have a different
presentation, with higher fevers, longer duration of symp-
toms (2–5 days), and a history of pain that suddenly im-
proves. A periappendiceal abscess or phlegmon may be pal-
pable on physical examination.

If a patient presents with typical symptoms and signs,
few diagnostic studies are needed. If the presentation is
atypical, several studies may be helpful. The white blood
cell count is greater than 10,000/µL, with neutrophilia in
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70%–90% of cases. A normal white count does not rule out
appendicitis, and in immunocompromised patients the
count is often normal. Serial white blood cell counts usu-
ally demonstrate an elevation over the course of 4–8 hours.
This finding has been shown to be associated with a 92%
diagnostic sensitivity. Urinalysis may be abnormal with ap-
pendicitis, but marked elevations of the urinary cell counts
suggest urinary tract disease (Chapter 68). Microscopic
hematuria is more suggestive of nephrolithiasis, which can
often mimic appendicitis. A pregnancy test in all women of
childbearing age is mandatory.

Plain-film examinations are nonspecific but occasion-
ally may show small-bowel obstruction, ileus, an appen-
dicolith, or a gas-containing abscess. Rarely, perforated
appendicitis may present with free intraperitoneal air.
Chest radiograph may demonstrate right lower lobe pneu-
monia as an alternative diagnosis. Graded compression ul-
trasonography can be a useful tool in the diagnosis of
appendicitis if a highly experienced ultrasonographer is
available. An inflamed appendix is characterized by an
outer diameter greater than 7 millimeters and noncom-
pressability. Appendicoliths, loss of normal appendiceal
wall architecture, or periappendiceal fluid also may be
seen. Although the reported sensitivity in selected series is
75%–95% and the specificity 85%–95%, this modality is
limited by its dependence on the experience of the ultra-
sonographer. Nonvisualization of the appendix is com-
mon and does not exclude appendicitis. Even if nonvisu-
alization occurs, ultrasonography may be helpful by
identifying pelvic or biliary disease.

Computed tomography (CT) has been shown to be
94%–100% accurate in confirming or ruling out appen-

dicitis (3). Like ultrasonography, CT is useful in diagnos-
ing causes of abdominal pain other than appendicitis. CT
has the advantage of less interobserver variability and in-
creased sensitivity, but adequate oral contrast is essential.
However, a focused appendiceal CT with rectal (but not
oral) contrast has demonstrated sensitivity of 95% in the
pediatric population (4). Findings on CT scan considered
to be diagnostic of acute appendicitis include appendiceal
distension, wall thickening, or peri-appendiceal inflam-
mation. A series utilizing routine “appendiceal” CT
suggested improved diagnostic accuracy, along with cost
savings attributable to a decreased incidence of negative
appendectomies and shorter average hospital stays (5).
Confirmation of these findings and of their generalizabil-
ity to the community setting needs to be documented
prior to the adoption of appendiceal CT as the standard of
care in evaluating patients with possible acute appendici-
tis. A recent report suggests that the widespread availabil-
ity of CT examinations has not resulted in a reduction in
the rate of negative appendectomy (6). If a periappen-
diceal abscess or phlegmon is suspected based on physical
examination, CT should be performed to direct surgical or
radiologic intervention.

Indications for Hospitalization and Intensive
Care Unit Admission

Patients with a clear diagnosis of appendicitis require ad-
mission to the hospital and prompt surgical consultation
for operative management. If the history and physical ex-
amination are equivocal and the etiology of abdominal
pain is uncertain, then further evaluation is essential. This
may be performed on either an inpatient or outpatient ba-
sis, depending on the patient’s presentation and modifying
circumstances. Missed or delayed diagnosis of appendicitis
can result in serious complications, whereas early diagnosis
and treatment allows for a brief hospitalization and rapid
recovery. Perforation is associated with a marked increase
(from 8% to 40%) in the rate of postoperative complica-
tions and a prolonged hospital stay. Thus, the threshold for
admission to the hospital and observation should be low
for suspected appendicitis. This is especially true for pedi-
atric, geriatric, and pregnant patients.

Appendicitis alone is generally not an indication for ICU
admission. However, patients may require ICU care for
other comorbid medical conditions, sepsis syndrome, or
rare complications, such as suppurative phlebitis of the por-
tal vein. Patients with this complication experience fever,
chills, right upper quadrant abdominal pain and tender-
ness, malaise, mild jaundice, and anorexia. It is associated
with late development of hepatic abscesses and has a 50%
mortality rate. Acute appendicitis at the extremes of age has
a higher incidence of delayed diagnosis and is associated
with perforation in 50% of cases. These patients are more
likely to be severely ill and require aggressive resuscitation
in the ICU.
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TABLE 87.1
DIFFERENTIAL DIAGNOSIS OF ACUTE
APPENDICITIS IN ADULTS

Abdominal pain of unknown origin
Gastroenteritis
Colonic diverticulitis
Perforated peptic ulcer
Gallbladder disease
Incarcerated hernia
Inflammatory bowel disease
Testicular or ovarian torsion
Mittelschmerz
Ruptured ovarian cyst
Ectopic pregnancy
Pelvic inflammatory disease
Urinary tract disease or infection
Pneumonia
Pancreatitis
Perforated neoplasma

Mesenteric vascular insufficiencya

Aortic or iliac artery aneurysma

a Especially in elderly patients.

26410 ch 087  3/12/05  11:32 AM  Page 861



Initial Therapy

During the hospitalization, patients admitted for abdomi-
nal pain should have serial evaluations in the same manner
as when they were evaluated in the office or emergency
room. The symptoms and signs of acute appendicitis usu-
ally progress in the first 24 hours unless perforation has
occurred. It is essential that the patient continue to be
resuscitated, receive intravenous hydration, and have noth-
ing by mouth during this time. Volume depletion and elec-
trolyte abnormalities should be corrected. During this
period, no antimicrobial agents should be given until a di-
agnosis is made.

If a patient does not prove to have acute appendicitis,
the evaluation should be continued to determine the cause
of pain. The patient should continue to receive nothing by
mouth and receive intravenous hydration. Persistent or
worsening unexplained tenderness is usually an indication
for ultrasound or CT scan. Rising temperature, leukocytosis
with migration of the pain to the right lower quadrant, and
development of focal right lower quadrant tenderness are
surgical indications. If an alternative diagnosis is made, the
patient should be treated accordingly.

Once appendicitis is suspected or diagnosed, surgery is
indicated. Patients should be resuscitated adequately prior
to the administration of anesthesia and surgery. Any
reversible coagulopathy should be corrected. An electrocar-
diogram and chest radiograph should be obtained in pa-
tients older than 40 years of age (Chapter 30). Preoperative
antibiotic therapy should initially be directed against en-
teric Gram-negative rods and anaerobes (Chapter 64). Ex-
ploration and appendectomy generally are performed
through a right lower quadrant muscle-splitting incision or
laparoscopically. The advantage of the open approach is low
cost and familiarity among surgeons and operating-room
staff. Laparoscopy improves diagnostic accuracy (by some-
times discovering alternative causes in cases found to have
a normal appendix, especially in female patients) and may
be technically easier than the open approach in the obese
patient. However, it has no proven advantage in recovery or
hospitalization times. Because of the serious consequences
of a delay in diagnosis, a 10%–30% “negative” appendec-
tomy rate is the historic standard. If the appendix looks
grossly normal, it is removed for microscopic analysis, and
a careful exploration is performed to look for an alternative
cause of pain.

Issues During the Course of Hospitalization

Figures 87.1 and 87.2 show critical pathways for uncom-
plicated and perforated appendicitis.

Following a routine appendectomy, antibiotics may be
discontinued and the patient started on oral intake on the
same or next postoperative day. If this is tolerated and the
patient defervesces, discharge is appropriate. Persistent
fevers often respond to pulmonary toilet, but a missed ab-
scess or wound infection must also be considered.

If perforation is found, the appendix is removed, and, if
contamination is minimal, the incision may be closed.
Otherwise, the abdomen should be irrigated and the skin
and subcutaneous tissue left open for healing by secondary
intent or, in some cases, delayed primary closure on
postoperative day 4. Antibiotics are continued postopera-
tively for 3–5 days. Oral intake is started when bowel
function recovers, as evidenced by hunger or the passage of
flatus.

Ideally, a periappendiceal abscess is diagnosed preopera-
tively; if so, it can be managed with antibiotics and percu-
taneous drainage by interventional radiologists. If an
abscess is diagnosed at the time of appendectomy, it is
evacuated, and drains are placed into the cavity. The ap-
pendix is removed if this can be done safely. If abscesses
are drained without removal of the appendix, the colon
must be evaluated to rule out other causes of perforation
(such as diverticulitis or malignancy) prior to committing
the patient to an interval appendectomy after 6–8 weeks.
This may be done with colonoscopy or barium enema
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Figure 87.1 Critical pathway for uncomplicated acute appen-
dicitis. IV, intravenous; NPO, nothing by mouth; OOB, out of bed;
POD, post-operative day.
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prior to or shortly after discharge, once the acute
inflammation has resolved. A periappendiceal abscess
usually is accompanied by an ileus (Chapter 88). Once
abdominal tenderness improves and bowel function re-
turns, the patient may be started on oral intake. Patients
usually defervesce after they are adequately drained, ei-
ther percutaneously or surgically. Lack of improvement in
serial physical examinations or fever curve suggests a per-
sistent undrained collection, and a repeat imaging study
such as CT or fluoroscopic sinography through the drain
should be performed. Occasionally, definitive surgical
drainage is required after an ineffective percutaneous
attempt.

Discharge Issues

Following routine appendectomy without perforation,
most patients are ready for discharge within 24 hours.
Fevers and abdominal pain usually have resolved, and
there is no rationale for continued oral antibiotic therapy.

Follow-up with the surgeon should be in 2–4 weeks. After
appendectomy for perforated appendicitis, most patients
are ready for discharge on postoperative day 3–5, depend-
ing on the degree of contamination, the fever curve, and the
ability to tolerate oral intake. There is no need to continue
antibiotics once the temperature and white blood cell
(WBC) count are normal. Patients with wounds healing by
secondary intent need to learn wound care and wet-to-dry
dressing changes. A visit by a home care nurse followed by
evaluation by the surgeon in 1–2 weeks ensures optimal
wound management. Open wounds do not require antibi-
otic treatment.

Timing of discharge is variable following drainage of a
periappendiceal abscess. It depends on the adequacy of
drainage and is dictated by the clinical course, including
the relief of pain, resolution of fever, and return of bowel
function. The patient needs to learn to care for the drains,
which can be removed by the surgeon when the output has
tapered (which indicates obliteration of the abscess cavity).
The presence of a drain alone is not an indication for

Chapter 87: Other Abdominal Emergencies: Appendicitis, Diverticulitis, and Ischemic Bowel 863

Day 0

• Physical Examination

• IV fluids
• Preop antibiotics once 

diagnosis is made
• Aerobic and anerobic

coverage 
• APPENDECTOMY and/or

DRAINAGE of abscess cavity

• Vitals
• Input/Output
• Admission weight
• Orthostatics (if indicated)

• Out of bed with assist

• NPO

• Incentive spirometry

Post-op Day 1

• Examine wound
• Monitor drainage

• Continue antibiotics
• Start wet to dry dressing

changes if wound is open

• Vitals
• RN assessment
• Record drain output

• Ambulate

• Start diet if anorexia
resolved

• Review home situation and
initiate referrals as needed

Post-op Day 2

• Vitals/Temperature

• Start diet if anorexia
resolved

• MD/RN/SW communi-
cation regarding 
discharge

• Plan for discharge care

• Teach dressing
changes/wound care

Post-op Day 3-5+:
Discharge home

• If not improving by POD 7, CT
abdomen/pelvis, assess for
abscess

• Colonoscopy prior to or after
discharge if abscess was drained
without appendectomy

• Discontinue antibiotics when
clinically ready

• Delayed primary closure of
wound on POD 4 if wound clean
and healthy

• Vitals/Temperature

• Advance diet as tolerated

• Discharge needs met 
(home care RN, transportation)

• Follow-up appointment made

Review with patient/family
• Discharge plan
• Follow-up appointment
• Return signs/symptoms
• Activity/driving

Tests

Medications
and
Therapeutics

Nursing/
Assessment

Activity

Nutrition

Discharge
Planning

Patient 
Education

Figure 87.2 Critical pathway: for acute appendicitis, perforated. CT, computed tomography scan;
NPO, nothing by mouth; POD, post-operative day;  SW, social worker.
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antibiotic therapy. Antibiotics are usually continued until
the patient defervesces and has a normal white blood cell
count. These patients also need visiting nursing care and
early follow-up with the surgeon. If patients are debilitated,
transfer to a skilled nursing facility may be required for on-
going wound care or rehabilitative therapy.

Patients should be encouraged to resume activities pro-
gressively as tolerated. Driving is safe when the patient is
able to get in and out of the car and use the controls with-
out discomfort. The diet should be advanced as tolerated.
Patients should call their surgeons in case of fever, redness
or drainage from the wound, or increase in pain.

DIVERTICULITIS

Diverticulitis is caused by a perforation of a diverticulum.
In most cases, the perforation is microscopic, causing
localized inflammation in the colonic wall or paracolic
tissues. In more severe cases, an abscess may form, or the
diverticulum may rupture freely into the peritoneal cavity,
causing generalized peritonitis. The average age at presen-
tation is in the early sixties; more than 90% of cases occur
after 50 years of age. Fifty to 90% of cases in the United
States occur in the left colon, particularly the sigmoid.
However, among the Asian population, the incidence of
right-sided disease is much higher (7). Fifty percent of pa-
tients have been symptomatic for less than one month
before presentation; the duration of symptoms is inversely
correlated with the severity of disease.

Issues at the Time of Admission

Clinical Presentation

Patients with acute diverticulitis can have a broad spec-
trum of symptoms but typically present with the gradual
onset of left lower quadrant abdominal pain and low-
grade fever. The pain tends to be constant and does not
radiate. The localized inflammatory process may lead to ir-
ritation of the contiguous small bowel, colon, and blad-
der, which may subsequently cause anorexia, nausea,
vomiting, diarrhea, constipation, dysuria, and urinary fre-
quency or urgency.  On physical examination, tenderness
to palpation usually is present in the left lower quadrant or
suprapubic region. A mass suggestive of a peridiverticular
abscess or phlegmon also may be palpable. Rectal exami-
nation may reveal a boggy mass anteriorly if an abscess is
present. Diffuse peritonitis is less common; when present,
it usually represents frank perforation into the peritoneal
cavity. Unlike diverticulosis (Chapter 78), acute divertic-
ulitis usually is not associated with hemorrhage, although
30%–40% of cases have guaiac-positive stool. Pneuma-
turia or fecaluria suggests the presence of a colovesical
fistula.

Differential Diagnosis and Initial Evaluation

A classic clinical presentation is often sufficient to establish
the diagnosis without confirmatory testing. Laboratory
studies are nonspecific and frequently unrevealing. Leuko-
cytosis may be absent in up to one-half of cases. Urinalysis
may be abnormal, with microscopic pyuria. An electrocar-
diogram should be considered in older patients with a
history of coronary disease. In older individuals or im-
munocompromised patients, the presentation may be sub-
tle, and immunocompromised patients are more likely to
have complications of diverticulitis. The differential diag-
nosis is listed in Table 87.2.

When the diagnosis is unclear or complications of di-
verticulitis are suspected, further studies are necessary.
Plain-film abdominal series, including an upright chest ra-
diograph, should be obtained first to rule out free in-
traperitoneal air or a lower-lobe pneumonia. These stud-
ies may be normal or may demonstrate a distal
large-bowel obstruction, localized ileus, or extracolonic
air. CT with intravenous and oral contrast is the study of
choice. Water-soluble rectal contrast may be used, but it
carries the risk of perforation and should be carefully con-
sidered. CT scan is superior to barium enema in that it can
directly demonstrate extraluminal complications of the
disease such as abscess, phlegmon, free intraperitoneal air,
or colovesical fistula and also can identify other causes of
symptomatology.

If the results of the CT scan are equivocal or suggest an al-
ternate diagnosis, contrast enema studies can be helpful in
establishing the diagnosis and excluding cancer. Barium
should be avoided in the acute setting of diverticulitis because of
the risk of extravasation into the peritoneal cavity. Contrast
studies can suggest the presence of an abscess in over 85% of
cases but may underestimate the severity of extraluminal dis-
ease. Ultrasonography is up to 98% sensitive and 97%
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TABLE 87.2
DIFFERENTIAL DIAGNOSIS OF
ACUTE DIVERTICULITIS

Appendicitis
Carcinoma
Colonic spasm
Gastroenteritis
Infectious colitis
Ischemia
Irritable bowel
Inflammatory bowel disease
Pelvic inflammatory disease
Perforated peptic ulcer
Foreign-body perforation
Volvulus
Urosepsis
Pneumonia
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specific in expert hands but is limited by higher false-nega-
tive rates in some series and greater interobserver variability.

Colonoscopy or sigmoidoscopy is generally contraindicated in
the setting of acute diverticulitis. Limited examination with
minimal or no air insufflation should be reserved for spe-
cial situations in which the diagnosis of diverticulitis is
uncertain and other diagnoses, such as ischemic bowel, ob-
structing carcinoma, or colitis, are being considered.

Indications for Hospitalization and Initial
Intensive Care Unit Admission

Mild cases of acute diverticulitis in immunocompetent
patients can be managed on an outpatient basis with clear
liquids and oral antibiotics. Ideal patients for outpatient
management are those who are able to tolerate a diet, have
no systemic symptoms or diffuse peritoneal signs, and are
reliable or have a reliable family. Immunocompromise,
steroid therapy, and advanced age are contraindications to
outpatient therapy. If outpatient therapy is elected, patients
need to watch for systemic signs or progression of symp-
toms and should be instructed to return if these develop.
Follow-up with the treating physician must occur within
48–72 hours after presentation to ensure resolution of
symptoms. Patients who do not meet outpatient criteria or
who fail outpatient management should be admitted to the
hospital for total bowel rest, intravenous antibiotics, surgi-
cal consultation, and further evaluation as indicated. The
decision for ICU admission should be based on the assess-
ment of physiology and comorbidity as outlined at the start
of this chapter. Patients with free perforation and peritoni-
tis may need resuscitation in the ICU in preparation for ur-
gent operative therapy.

Initial Therapy

Patients hospitalized for acute diverticulitis should be on
complete bowel rest (NPO) and receive intravenous hydra-
tion and intravenous broad-spectrum antibiotics to pro-
vide coverage for Gram-negative organisms and anaerobes
(Chapter 64). Figure 87.3 demonstrates an algorithm for
the management of acute diverticulitis. Nasogastric decom-
pression should be instituted for significant nausea, vomit-
ing, or bowel obstruction. A Foley catheter may be placed
for urinary retention. Appropriate analgesia should be
administered. Enemas to treat constipation should be
avoided. If the fever is greater than 38.5°C, a routine fever
evaluation should be done (Chapter 62). As with any acute
abdominal illness, patients must continue to be resusci-
tated during this time and have serial examinations per-
formed to monitor the course of illness. Patients presenting
with free perforation represent a surgical emergency and
have a 6%–35% mortality rate. Aggressive resuscitation and
cardiovascular support should be followed by prompt op-
erative therapy. The same aggressive approach should be
taken if a patient worsens on therapy.

Diverticulitis may be complicated by abscess, fistula, or
bowel obstruction. These complications develop in about
one-quarter of patients who present with symptomatic di-
verticulitis (7). Patients with recurrent diverticulitis have a
60% risk of a complicated course (8). In all types of diver-
ticular complications, carcinoma must be ruled out as the
cause. An abscess may resolve with conservative therapy if it
is small and favorably located. It is preferable to drain a
large abscess percutaneously prior to definitive therapy, be-
cause the presence of an abscess is a relative contraindica-
tion to primary anastomosis after colon resection. Seventy
to 90% of abscesses can be percutaneously drained. Fistulas
develop in only 2% of all patients with diverticulitis, but
patients with fistulas represent 20% of all patients under-
going surgery for diverticulitis. Most commonly, fistulas oc-
cur between the colon and the bladder, but colovaginal,
coloenteric, or colocutaneous fistulas also occur. A patient
with a fistula should undergo an elective procedure to re-
sect the affected bowel and close the fistula after the acute
inflammation has resolved. Bowel obstruction from divertic-
ular disease is an acute process, with perforation and bowel
wall edema complicating a chronic response to previous
inflammation. Obstruction is generally partial and usually
is relieved as the edema from the acute inflammation
resolves, leaving a fibrotic, strictured colon that can be re-
sected electively. Patients with complete obstruction
should undergo surgery expeditiously following acute re-
suscitation with hydration and nasogastric decompression
(Chapter 88).

Indications for Early Consultation

Although most cases of diverticulitis are mild and resolve
with medical management, prompt surgical consultation
should be obtained for patients in whom significant sys-
temic signs or peritonitis exist, and for those individuals
presenting with a complication of diverticulitis such as ab-
scess, fistula, obstruction, or free perforation. Consultation
should be obtained at the onset of initial treatment in or-
der to facilitate appropriate management.

Issues During the Course of Hospitalization

Most patients correctly diagnosed and treated for divertic-
ulitis show significant improvement within the first 48
hours, denoted by decreased pain, less tenderness, and res-
olution of fever and leukocytosis. Bowel rest and antibi-
otics should be continued until the patient has improved
subjectively and demonstrates return of bowel function.
Nasogastric decompression is needed only in patients who
present with nausea and vomiting; it can be discontinued
as soon as the daily output decreases.

Worsening signs or symptoms or failure to improve dur-
ing this period despite maximal medical therapy are indi-
cations for immediate reassessment. The diagnosis may be
incorrect, or there may be unrecognized complications.
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This occurs in 10%–25% of patients. In most cases, a CT
scan should be obtained to seek an alternative diagnosis or
to locate an abscess that might be drainable percuta-
neously. At this point, if no process amenable to medical
management is identified, immediate surgical exploration
is indicated. In preparation for surgery, an electrocardio-
gram and chest radiograph should be obtained in patients
older than 40 years, and all comorbid conditions should be
treated optimally (Chapter 30).

The exact nature of the surgical intervention depends on
the severity of the disease and the nature of associated com-
plications. Abscesses must be adequately drained. The
diseased colonic segment should be resected if technically
feasible. Under optimal circumstances, patients can un-
dergo resection with primary colorectal anastomosis in a
one-stage operation. A two-stage procedure is often re-
quired, with resection and colostomy formation followed
later by re-anastomosis. There is now evidence suggesting
that even in the presence of a pelvic abscess and focal peri-
tonitis, a single-stage procedure can be performed with low
risk of injury or death. This is preferable for most patients
from both quality-of-life and cost standpoints. Rarely, pa-
tients who are critically ill may not be able to tolerate re-
section, in which case diversion and drainage may be the
safest alternative.

Antibiotics should be continued after surgery for a dura-
tion determined by the patient’s response to therapy. Five to
seven days of intravenous antibiotics are usually sufficient.
After the initial operation, an oral diet can be resumed when
the patient feels hungry. This usually occurs on postopera-
tive day 2 or 3, although it may take longer if significant con-
tamination was present or ileus has developed.

If the patient has persistent high fevers, unimproving
tenderness and pain, or persistent or worsening leukocyto-
sis after surgical intervention, a recurrent abscess may be
present. Alternatively, infection with resistant organisms is
a possibility, and the antibiotic regimen should be recon-
sidered. Such a patient should be kept on bowel rest, and
total parenteral nutrition should be considered. For pa-
tients with a primary anastomosis, anastomotic leak must
also be ruled out. If present, it should be treated appropri-
ately. If drain output has declined precipitously, the drain
may be occluded, and a sinogram with catheter exchange
may be helpful. Repeat imaging with CT may be helpful in
directing further therapy.

Discharge Issues

Most patients with diverticulitis respond to medical therapy
and are ready for discharge 5–7 days after initiation of ther-
apy. By this time, the patient should have resolution of fever
and marked improvement of abdominal pain, tenderness,
and leukocytosis. Although it is not necessary that the pa-
tient tolerate a regular diet prior to discharge, he or she must
be able to maintain oral hydration without an increase in
abdominal pain. Oral antibiotics should be continued.

Usually a 10–14 day combined total course of therapy is ad-
equate. Follow-up with the treating physician or surgeon
should occur 2–4 weeks after discharge. Successful nonsur-
gical treatment of diverticulitis should always be followed
by examination of the colon by colonoscopy or by flexible
sigmoidoscopy with barium enema once the acute inflam-
mation has resolved, to rule out carcinoma.

Approximately 10%–30% of patients who respond to
medical therapy later go on to have another episode of di-
verticulitis. Age younger than 50 years and polycystic renal
disease are risk factors for recurrent disease. Elective resec-
tion may be indicated. Patients with complications such as
fistulas or strictures also ultimately require surgical inter-
vention.

Following surgical intervention, the criteria for discharge
are similar to those following other abdominal operations.
Surgical follow-up should occur within 1–2 weeks for those
with drains or open wounds and within 2–4 weeks for those
with simple surgical resection without drains. Patients
should be instructed to resume their diets gradually, as tol-
erated. Dietary changes should be directed at decreasing in-
traluminal pressure, which is thought to be partly responsi-
ble for diverticula formation. High fiber intake with
generous fluid intake should be advised, as this appears to
reduce complications in patients with diverticula.

ACUTE BOWEL ISCHEMIA AND
ISCHEMIC COLITIS

Acute mesenteric ischemia results from insufficiency of
the blood supply to the bowel resulting from embolic or
thrombotic arterial occlusion, venous occlusion, or
nonocclusive hypoperfusion. Although uncommon, acute
mesenteric ischemia has a high mortality rate, with many
series reporting rates over 60% (9). This is because diag-
nosis is difficult and patients often present late and have
multiple comorbidities. Ischemic colitis usually follows a
more benign clinical course. Untreated, however, it too
can progress to transmural necrosis and systemic sepsis,
with a high mortality rate. The watershed areas of the
right and left colon are at particularly high risk. An im-
portant subset of patients develops colon ischemia fol-
lowing major operations such as abdominal aortic
aneurysm repair or cardiac surgery involving cardiopul-
monary bypass. Chronic mesenteric ischemia is not dis-
cussed here because it involves different pathophysiologic
and therapeutic considerations.

Issues at the Time of Admission

Clinical Presentation

Acute intestinal ischemia, typically secondary to an embo-
lus, is heralded by the sudden onset of poorly localized, se-
vere, crampy abdominal pain, classically out of proportion
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to physical examination findings. Acute ischemia usually
occurs in patients with cardiovascular comorbidities. Risk
factors include arrhythmias, structural cardiac disease, hy-
potension, atherosclerosis, and hypercoagulable states.
Nausea, vomiting, diarrhea, or hematochezia may be pre-
sent and suggest evolving intestinal infarction. An abdom-
inal bruit is present in 10%–25% of cases. With ischemia
resulting from arterial thrombosis, venous occlusion, or is-
chemic colitis, the progression of symptoms is more insid-
ious and starts with vague gastrointestinal symptoms of
pain, bloating, changes in bowel habits, or nausea. Ini-
tially, peritoneal irritation may not be present, but the signs
and symptoms progress as bowel infarction and necrosis
begin. Later in the disease course, abdominal distention,
guarding, rebound tenderness, or altered mental status
with signs of systemic sepsis, renal failure, and cardiovas-
cular compromise may occur. Not infrequently, the patient
in whom acute bowel ischemia is being considered is al-
ready in critical condition, obtunded or intubated in the
ICU. In this particular setting, the pathophysiology usually
is related to nonocclusive ischemia or vasospasm.

Differential Diagnosis and Initial Evaluation

Diagnosis of ischemic bowel is often very difficult because
the initial physical findings may be unremarkable. Thus,
the differential diagnosis is vast. However, the absence of
abnormal physical findings in the setting of severe, sudden
abdominal pain is an important clue to the diagnosis of
acute mesenteric occlusion. Diagnosis is often based on
early suspicion and clinical intuition because no specific
noninvasive diagnostic study can reliably diagnose or ex-
clude mesenteric ischemia. Most abnormal findings occur
late and are nonspecific. These include leukocytosis with a
left shift; hemoconcentration; elevations in serum phos-
phate and amylase; and elevated lactate level with resultant
metabolic acidosis.

Plain radiographs may be completely normal or show
nonspecific findings. In more advanced cases of acute
mesenteric ischemia, bowel-wall thickening, pneumatosis
intestinalis, portal venous air, or free air may be seen. These
late findings usually represent full-thickness necrosis and
portend a poor prognosis. CT of the abdomen and pelvis
with oral, rectal, and intravenous contrast may show bowel
wall thickening, intramural or portal venous air, or throm-
bus within the mesenteric arteries or veins. Although less
sensitive for arterial occlusions, CT is the diagnostic study
of choice for mesenteric venous thrombosis, with reported
sensitivities as high as 90%. Duplex ultrasound scanning
also can be helpful in the diagnosis of either arterial or ve-
nous occlusion but is often technically difficult because of
overlying bowel gas.

The definitive diagnostic study for arterial pathology is
mesenteric angiography. It can differentiate occlusive
from nonocclusive sources of ischemia and can direct in-
tervention. Furthermore, it offers the opportunity for non-

surgical interventions such as selective vasodilator or
thrombolytic infusion. Emboli usually are seen impacted
3–10 cm from the origin of the superior mesenteric artery
and distal to the origin of the middle colic branch. A
meniscus sign often is seen at the point of occlusion. In
contrast, superior mesenteric artery thrombosis usually
occurs at the origin and may manifest as nonvisualization
of the artery. Alternatively, nonocclusive mesenteric is-
chemia is seen as vasospasm, with multiple areas of nar-
rowing of the mesenteric arteries without occlusion. In the
setting of venous thrombosis, arteriography may demon-
strate subtle signs such as delayed visualization of the ve-
nous phase, prolonged opacification of the bowel wall, or
nonvisualization of the ischemic segments. Flexible
colonoscopy can evaluate the mucosal viability of the
colon and terminal ileum and is the procedure of choice
to evaluate early ischemic colitis.

Indications for Hospitalization and Initial 
ICU Admission

All patients in whom acute mesenteric ischemia is sus-
pected should be admitted to the hospital for observation
and further evaluation. Many patients with mesenteric is-
chemia need initial ICU admission for resuscitation be-
cause of hemodynamic instability caused by hypovolemia
or systemic sepsis. Mesenteric ischemia is also more likely
to occur in patients with significant cardiovascular comor-
bidities, which themselves may need ICU management.
The underlying cause of mesenteric ischemia must be eval-
uated and treated concurrently.

Initial Therapy

The goal of initial intervention is resuscitation, regardless
of the cause of the ischemia. The loss of intravascular vol-
ume to surrounding tissues is typically massive, and vol-
ume should be aggressively replaced with crystalloid and
colloid (Chapter 25). Acidosis caused by tissue hypoperfu-
sion may not be fully corrected with volume alone, and the
administration of sodium bicarbonate may be necessary
(Chapter 105). Broad-spectrum intravenous antibiotics to
cover aerobic and anaerobic intestinal flora should be
given immediately (Chapter 64). Systemic sepsis arising
from ischemic bowel may be especially difficult to manage
and is recalcitrant to therapy unless the source of sepsis is
removed.

If the history and clinical presentation strongly suggest
acute visceral embolization, immediate laparotomy with
embolectomy and resection of infarcted bowel should be
performed after preoperative resuscitation. For patients
with superior mesenteric artery (SMA) thrombosis, nonoc-
clusive ischemia, or unclear diagnosis, mesenteric angiog-
raphy with selective cannulation should be performed
urgently to establish the diagnosis and plan further ther-
apy. If an embolus or thrombosis is confirmed, the patient
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should be prepared immediately for embolectomy or
thrombectomy as above. In selected cases, intra-arterial
thrombolytics and vasodilators may be successful. Nonoc-
clusive ischemia is the entity more commonly seen in ICU
patients. The highest priority is reversal of any precipitating
causes. Vasoconstricting agents should be discontinued if
possible, and systemic vasodilators should be used in con-
junction with positive inotropes to maintain splanchnic
perfusion pressure. If the diagnosis is established angio-
graphically, a catheter should be left in place and intra-
arterial papaverine delivered continuously. Surgery is
indicated only if there is evidence of bowel necrosis. Pre-
mature operative intervention in this setting may prove
detrimental.

Patients with mesenteric venous occlusion should be
anticoagulated with heparin, and a hypercoagulability
evaluation should be undertaken (Chapter 98). Initial sur-
gical intervention is reserved for evidence of bowel necrosis
or perforation.

Flexible sigmoidoscopy or colonoscopy should be per-
formed early for ischemic colitis. If ischemia is mild and
there are no signs of peritonitis or sepsis, these patients
sometimes can be managed with oral antibiotics and a clear
liquid diet, but the cause of ischemia should be pursued
and corrected if possible. If ischemic colitis progresses to
full-thickness necrosis, operative intervention must be
undertaken.

Indications for Early Consultation

The management of acute mesenteric ischemia requires a
multidisciplinary approach involving surgeons and inter-
ventional radiologists. Early surgical consultation should
be obtained whenever mesenteric ischemia is suspected.
The interventional radiology team is also needed for urgent
angiography unless immediate exploration is indicated.

Issues During the Course of Hospitalization

Approximately 25%–50% of cases of acute mesenteric is-
chemia are caused by arterial embolus, usually originating in
the left atrium as a consequence of atrial fibrillation. The
immediate definitive treatment is embolectomy with en-
terectomy if necessary. Arterial thrombosis accounts for an-
other 25%–50% of acute ischemia. Thrombectomy alone is
usually insufficient therapy, as the diseased vessel is likely
to reocclude. Surgical treatment consists of revasculariza-
tion with enterectomy as needed.

Operative therapy is usually performed through a mid-
line incision so that the entire abdomen can be evaluated.
Heparin is given to avoid additional thrombus formation.
The primary goal is to restore blood flow to the intestine.
Once the SMA is identified at the root of the mesentery, an
embolectomy or thrombectomy can be performed. If
thrombosis has occurred in a diseased artery, mesenteric
bypass or endarterectomy may be necessary to establish ad-

equate blood flow (10). After revascularization, the bowel
viability must be assessed and areas of necrosis resected.
There are often areas of the bowel in which viability is ques-
tionable. For these cases, a second-look laparotomy can be
performed in 24–48 hours to re-assess viability.

Nonocclusive mesenteric ischemia occurs as a result of a low
cardiac output state, and management can be challenging.
In most cases, treatment of the underlying conditions with
resuscitation and discontinuation of vasopressors results in
resolution. However, if no improvement is seen in 24 hours,
angiography should be performed and a continuous pa-
paverine infusion (30–60 mg/h for 12–24 hours) into the
mesenteric vessels initiated. Significant clinical deteriora-
tion often reflects bowel infarction and signals the need for
laparotomy. If the patient remains stable or improves, the
angiogram should be repeated.

Mesenteric venous thrombosis that has not progressed to
bowel necrosis should be treated by immediate anticoagu-
lation with heparin. Thrombectomy usually is contraindi-
cated, as most patients have diffuse thrombosis. All patients
with local or diffuse peritonitis should undergo immediate
laparotomy with resection of clearly infarcted bowel. Peri-
tonitis may become apparent after the patient has been fully
anticoagulated. In this case, heparin should be continued
throughout the perioperative period. Simultaneously, the
underlying disorder that caused the thrombosis should be
addressed. More than 80% of all cases of mesenteric venous
thrombosis are secondary to hypercoagulable states; hema-
tology consultation should be obtained (Chapter 98).

The primary therapy for ischemic colitis is supportive. In
the hospital setting, intravenous hydration and antibiotics
should be administered. Cautious colonoscopy may be
performed early to document the extent and severity of the
disease and may be repeated at 24- to 72-hour intervals to
evaluate the progression or regression of disease. Necrosis
or gangrene seen on colonoscopy or clinical evidence of
peritonitis should prompt surgical intervention. Patients
treated conservatively should show improvement within
the first several days and resolution of symptoms by two
weeks.

With all forms of bowel ischemia, the hospital course
depends on multiple factors, including underlying systemic
disorders and the severity of the ischemic disease. Gener-
ally, patients should have complete bowel rest and be
started on oral intake slowly after they have demonstrated
a trend toward improvement, as evidenced by stability in
hemodynamic status, resolution of sepsis, and return of
bowel activity.

Regardless of the precise nature of ischemia, the devel-
opment of peritonitis or evidence of bowel necrosis should
prompt surgical intervention. At the time of exploration, all
infarcted bowel is resected. However, it is often difficult to
reliably ascertain the viability of the bowel by visual inspec-
tion alone. A second-look laparotomy at 24–48 hours may
be necessary. Bowel viability determines whether intraoper-
ative management involves the creation of an enterostomy
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or a primary anastomosis. All patients need continued close
monitoring for evidence of ongoing bowel infarction.

Discharge Issues

Patients are ready for discharge if they have become physi-
ologically stable with the resolution of sepsis, improve-
ment of pain, and return of bowel function. The timing of
discharge is variable. Among the highest priorities at the
time of discharge is the optimal treatment of underlying
systemic diseases to minimize the likelihood of recurrent
bowel ischemia. Early follow-up should be scheduled to
ensure optimization of medical therapy and to monitor for
recurrent disease. As is the case after any operation for an
intra-abdominal source of sepsis, the patient may have en-
terostomies, drains, open wounds, parenteral nutrition, or
antibiotics to manage at home. A visiting nurse is often
helpful, and follow-up with the surgeon should occur
within 1–2 weeks. Diet and activities should be resumed as
tolerated. Driving can be resumed when the patient is off
opiates and feels comfortable. There is no indication for
routine antibiotics at discharge.

COST CONSIDERATIONS AND
RESOURCE USE

Approximately 250,000 appendectomies are performed in
the United States each year, at a total cost of about $1.5 bil-
lion. About 20% of the appendectomies performed find no
pathology attributable to the appendix. This has led to ef-
forts to improve the diagnostic accuracy of appendicitis
with modalities such as ultrasound and limited abdominal
CT scan. If accurate preoperative diagnosis could be
achieved routinely without the need for extensive and ex-
pensive diagnostic studies, the cost of the “negative” ap-
pendectomy could be avoided.

Recent advances in surgical and interventional radiologic
techniques have reduced the morbidity and cost resulting
from treating complicated diverticulitis. Percutaneous
drainage of a large peridiverticular abscess allows the sur-
geon to treat the disease definitively with a single operation
in which the colon is resected and a primary anastomosis is
created. This previously required two or three operations
and a temporary colostomy. The resultant savings in the cost
of multiple operations, hospitalizations, and patient mor-
bidity are significant.

Despite advances in the treatment of mesenteric is-
chemia, there have been only small gains in patient sur-
vival. This reflects the difficulty of diagnosis and treatment.
As the population ages, the incidence of mesenteric is-
chemia has increased, with a resultant increase in the cost
of treating these patients. Early diagnosis and intervention,
and increased focus on prevention, offer the only chance to
decrease the mortality rate and cost.

KEY POINTS

General

■ Although the causes of intra-abdominal emergencies are
legion, unifying themes should guide the care of these
acutely ill patients. Most importantly, attention should
be directed to rapid and aggressive resuscitation of the
patient before searching for the diagnosis.

■ Physical examination performed early and often by the
same examiner is the safest, most cost-effective tool in
the evaluation of abdominal pain.

■ Early surgical consultation and a multidisciplinary ap-
proach are important to ensure rapid intervention
should the necessity for surgery arise or the patient’s con-
dition rapidly deteriorate.

Acute Appendicitis

■ The classic presentation of acute appendicitis is vague
periumbilical pain that shifts to become localized right
lower quadrant pain, associated with anorexia.

Acute Diverticulitis

■ Complete bowel rest, intravenous hydration, broad-
spectrum antibiotic therapy, and serial physical exami-
nations are the key elements of the management of
diverticulitis.

■ CT with intravenous and oral contrast is the study of
choice in the evaluation of acute diverticulitis.

■ Successful nonsurgical treatment of diverticulitis should
be followed by examination of the colon to rule out car-
cinoma.

Ischemic Bowel

■ Early recognition and intervention is the key to success-
ful treatment of acute mesenteric ischemia.

■ A paucity of abnormal physical findings in the setting of
severe, sudden abdominal pain is an important clue to
the diagnosis of acute mesenteric occlusion.
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Ileus and Obstruction 

of the Gastrointestinal 

Tract
Daniel T. Dempsey Sean P. Harbison

INTRODUCTION

Bowel obstruction is defined as any mechanical or functional
process that interferes with normal transportation of in-
testinal contents through the alimentary tube. Complete
bowel obstruction implies total luminal compromise; par-
tial obstruction implies otherwise. The cause of bowel ob-
struction usually is categorized as extrinsic, intrinsic, or
luminal (Table 88.1). Ileus is defined as any functional or
reflex abnormality of gut peristalsis that interferes with the
passage of luminal contents. Ileus may be focal or general-
ized and is thought to be caused by dysfunction of the en-
teric nervous system or smooth muscle. Causes of ileus may
be categorized as reflex, metabolic, drug induced, systemic,
or other (Table 88.2). Bowel obstruction and ileus are im-
portant clinical entities because they are common and may
result in death if not properly managed.

The care of the patient with ileus or bowel obstruction is
guided by the following principles:

1. Patients with complete small-bowel obstruction require
an urgent operation.

2. Patients with complete colon obstruction (except some
with sigmoid volvulus) require an urgent operation.

3. Ileus is often an indication of a serious underlying med-
ical or surgical problem.

4. Proximal decompression and fluid resuscitation are crit-
ically important in the management of patients with
ileus and bowel obstruction.

This chapter emphasizes the importance of these simple
principles. Gastric-outlet obstruction and gastroparesis are
not discussed.

BOWEL OBSTRUCTION OR ILEUS AS A
PRESENTING COMPLAINT

Issues at the Time of Admission

Clinical Presentation

Patients presenting with intestinal obstruction or ileus usu-
ally complain of abdominal discomfort or pain, nausea
with or without vomiting, anorexia, decreased output of
stool and flatus, and abdominal distension (1). The con-
stellation of signs and symptoms depends on the degree
and level of obstruction. Proximal small bowel obstruction
typically produces crampy abdominal pain, frequent bil-
ious vomiting, and variable amounts of abdominal disten-
sion. Distal small bowel obstruction causes impressive
abdominal distension, less frequent (but often feculent)
vomiting, and intermittent crampy abdominal pain. Colon
obstruction may cause severe distension and little vomit-
ing, especially if the ileocecal valve is competent. Ileus pre-
sents with distension and anorexia. Because ileus often is
indicative of an intra-abdominal process (e.g., pancreatitis)
or a systemic illness (e.g., pneumonia), accompanying
symptoms can be myriad (2).
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Differential Diagnosis and Initial Evaluation

A good physical examination is essential (see Table 88.3).
The vital signs and the general appearance of the patient are
important. Fever may indicate a strangulation obstruction
or an abscess associated with obstruction or ileus (e.g., ap-
pendiceal abscess with distal small-bowel obstruction).
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TABLE 88.1
CAUSES OF BOWEL OBSTRUCTION IN
THE ADULT

Small bowel Colon

Extrinsic

Adhesionsa Volvulusa

Herniaa

Neoplasma

Abscess
Volvulus

Intrinsic

Crohn’s disease Neoplasma

Neoplasm Diverticulitisa

Ischemia Ischemia
Stricture Stricture

Radiation IBD
Anastomotic Anastomotic

Ischemic

Luminal

Intussusception Intussusception
Gallstone ileus Stool

Foreign body

a Most common causes.
IBD, inflammatory bowel disease.

TABLE 88.2
CAUSES OF ILEUS

Reflex
Spinal cord injury
Retroperitoneal process

Hematoma
Kidney stone
Pyelonephritis
Pancreatitis

Peritonitis
Postoperative ileus

Metabolic
Hypokalemia
Hypothyroidism
Kidney or liver failure

Drug-induced
Opiates
Anticholinergics
Antihistamines

Systemic illness
Sepsis
Cardiogenic shock
Pneumonia

Other
Intestinal ischemia
Inflammatory bowel disease
Enterocolitis (e.g., 

Clostridium difficile)
Pseudo-obstruction

TABLE 88.3
IMPORTANT PHYSICAL FINDINGS IN PATIENTS
WITH BOWEL OBSTRUCTION

Sign or symptom Possible causes

Hypotension/tachycardia Intravascular volume depletion
Sepsis (bowel gangrene or

perforation)
Tachypnea, rhonchi Pneumonia
Cachexia, Advanced malignancy

lymphadenopathy
Jaundice Periampullary malignancy

Gallstone ileus
Irregular heart rate/ Embolism with ischemic bowel

heart murmur
Bruit (abdominal/ Thrombosis with ischemic bowel

carotid/femoral)
Abdominal scars Adhesive small bowel obstruction
Peritoneal signs Strangulation, obstruction

Acute abdomen causing bowel 
obstruction (e.g., appendiceal 
abscess)

Hernia (groin, Incarceration or strangulation
abdominal)

Guaiac–positive stool Carcinoma
Ischemia

Cachexia may suggest that the obstruction is caused by car-
cinoma (primary bowel or metastatic) or that the patient
has intestinal ischemia presenting as ileus or obstruction.
Tachycardia and hypotension may indicate septic shock
from an abdominal catastrophe or urosepsis with reflex
ileus. It is notoriously difficult for even the most experi-
enced clinician to discern the presence of threatened or
strangulated bowel in the patient with a small-bowel ob-
struction (2,3). Thus, if a complete obstruction is suspected
(the situation in which most bowel strangulation occurs),
an urgent operation is necessary.

More commonly, in the patient with bowel obstruction,
tachycardia and hypotension reflect a fluid deficit. The pa-
tient with bowel obstruction or ileus often has a profound deficit
in extracellular fluid volume. Thus, fluid resuscitation is an
important part of initial clinical management (Figure 88.1;
Chapter 87). Blood should be sent for determination of
electrolyte, blood-urea nitrogen, glucose, calcium, and
amylase levels and complete blood count (CBC) with dif-
ferential count.

In every patient presenting with abdominal pain and
distension, nausea or vomiting, and alteration in bowel
function, early surgical consultation is mandatory (4). The fol-
lowing questions must be addressed:

• Does the patient have a small- or large-bowel obstruc-
tion?

• If so, is it a complete obstruction?

26410 ch 088  3/24/05  11:23 PM  Page 874



• If the patient has a partial obstruction, is early operation
necessary?

• What is the likely cause of the obstruction?
• If the patient has ileus, why?

Upright chest and abdominal and supine abdominal
radiographs constitute the standard “obstruction series;”
they should be obtained in every patient with suspected
bowel obstruction or ileus (Figure 88.2). Computed to-
mography (CT) or magnetic resonance imaging is not nec-
essary routinely but may yield important information in
selected patients (5,6). If the radiographs show distended
small and large intestine, the diagnosis is either ileus or
colonic obstruction, and a sigmoidoscopy or contrast
enema is indicated. If there is small-bowel distension
without colonic distension, the diagnosis is probably
small-bowel obstruction. The presence or absence of air in
the colon in this setting is an unreliable determinant of
complete small-bowel obstruction. If the patient denies
passage of stool or flatus, by definition the patient has a
complete bowel obstruction. This is a surgical emergency
because intestinal necrosis or perforation occurs fre-
quently in this setting. Clinical judgment is notoriously
poor in predicting bowel compromise in patients with
bowel obstruction (3). If a lucid patient admits to passage
of stool or flatus, the patient has a partial small-bowel ob-
struction. The patient with obvious partial small-bowel
obstruction does not necessarily require operation if there
is no tenderness, leukocytosis, fever, tachycardia, or phys-
ical signs of peritoneal irritation (after fluid resuscitation)
(7). In patients with bowel obstruction in whom nonop-
erative therapy is contemplated, enteroclysis with water
soluble contrast is a useful way to confirm a partial ob-
struction. At times, it may also be therapeutic (8).

The common causes of small-bowel obstruction in the
adult are (in descending order of frequency) adhesions,
hernia, and cancer (Table 88.1). Abscess (commonly ap-
pendiceal or diverticular) or ischemia are important but
less common causes of small-bowel obstruction. The com-
mon causes of large-bowel obstruction in the adult are can-
cer, diverticulitis, and volvulus. Causes of ileus are myriad
and include a variety of intra-abdominal and systemic con-
ditions (Table 88.2).

All patients with a diagnosis of small- or large-bowel ob-
struction should have a nasogastric tube inserted for de-
compression. Distension of bowel loops with fluid and gas
is important in the pathophysiology of bowel obstruction,
and decompression via tube is an effective way to decrease
the distension. Long intestinal nasoenteric tubes are rarely
necessary and may increase the risk of aspiration. Nasogas-
tric decompression also makes general anesthesia safer in
patients requiring an operation because it lowers the risk of
aspiration on induction.

An unusual but noteworthy disorder is chronic intestinal
pseudo-obstruction (9). Patients with it (not to be confused
with hospitalized patients who develop colonic pseudo-
obstruction or Ogilvie’s syndrome) are thought to have a
diffuse motor disorder of the GI tract. The presentation
may be very similar to that of mechanical bowel obstruc-
tion. In fact, many of these patients have had previous ab-
dominal operations, and they can develop mechanical ob-
struction from adhesions and hernias, with an attendant
risk of bowel strangulation or perforation. Management of
this difficult subset of patients is best done in a referral cen-
ter by surgeons and gastroenterologists experienced with
this disease.
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Figure 88.1 Initial approach to bowel obstruction and ileus. 
IV, intravenous.

Tests to consider: Sigmoidoscopya

CT scan
Contrast Enema

CT scan
Contrast study

(antegrade)

Definitive Rx: Operation
(See Figure 88.3)

Operation
(See Figure 88.3)

Colon distended?
Yes No

• Ileus
• Colon obstruction with
   incompetent IC valve

SBO

• Colon obstruction with
  competent IC valve
• Volvulus (of colon)

Proximal/
early SBO

Small bowel
distended?

Yes

No

Figure 88.2 Differential diagnosis and treatment of small- and
large-bowel distension. a May be therapeutic in sigmoid volvulus.
IC, ileocecal; SBO, small-bowel obstruction.

Signs and symptoms 
• Abdominal pain
• Nausea/vomiting
• Decreased flatus/stool
• Abdominal distention

Evaluation and management 
• Physical examination
• Isotonic IV fluid
• Urinary catheter
• Nasogastric tube
• Radiograph series
• Surgical consultation

Suspect bowel obstruction
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Indications for Hospitalization and 
ICU Admission

All patients with the diagnosis of acute small- or large-
bowel obstruction require hospitalization. Patients with
complete obstruction require an urgent operation, usually
within 6–12 hours. Patients with partial small-bowel ob-
struction may be treated nonoperatively, provided that
they have no fever, tachycardia, leukocytosis, or pain or
tenderness. Occasionally, patients with bowel obstruction
and terminal disease who are not deemed candidates for an
operation may be treated palliatively at home or in the hos-
pital (Chapter 19) (10). Most patients with ileus severe
enough to have caused a visit to an emergency department
or whose symptoms have lasted more than 24 hours re-
quire hospitalization to treat the associated illness, dehy-
dration, and underlying cause.

Patients with bowel obstruction should be admitted to
the ICU if they have hemodynamic instability after the
initial resuscitation or if invasive hemodynamic monitor-
ing is required for safe fluid resuscitation. This usually
includes patients with compromised cardiovascular, pul-
monary, or renal status (Chapter 25). Patients with possi-
ble aspiration pneumonia, a frequent complication of
bowel obstruction, also should be admitted to the ICU
(Chapter 66). Patients with ileus may require admission
to the ICU, depending on the severity of the primary dis-
ease causing the ileus.

Indications for Operation

Patients with complete small- or large-bowel obstruction re-
quire an urgent operation (Figure 88.3). This is because in-
testinal strangulation or perforation in this setting is a very
real possibility (3). Patients with partial small-bowel ob-
struction who have unremitting abdominal pain, tender-
ness, fever, or leukocytosis also require surgery. Otherwise,
the patient with partial obstruction may be treated with na-
sogastric tube suction and intravenous fluids with the hope
that the partial obstruction resolves (7). If there is no sign of
clinical or radiologic improvement in 48 hours, surgery
should be considered. Patients with acute sigmoid volvulus
can often be decompressed with a sigmoidoscope; an urgent
operation is not required unless pain and peritoneal signs
are present (11). Recurrence is common, and elective surgery
should be considered. Treatment of partial colon obstruc-
tion depends upon the cause. If the patient has a partially ob-
structing colorectal carcinoma, early elective surgery should
be performed. If the patient has acute diverticulitis, several
days of antibiotic treatment usually result in improvement in
gastrointestinal function. Patients with a colonic stricture
from any cause who present with signs and symptoms of
partial obstruction usually require elective surgery.

Patients with ileus may require an operation to treat the
primary disease that has given rise to the ileus (e.g., pan-
creatic debridement in necrotizing pancreatitis, appendec-

tomy for perforated appendicitis, or patch closure for per-
forated duodenal ulcer). Patients with primary colonic
ileus (also called colonic pseudo-obstruction, or Ogilvie’s
syndrome) usually can be treated with colonoscopic de-
compression (12). If this is not possible, operative decom-
pression may be necessary.

Obstructing Colon Carcinoma

Primary carcinoma of the colon may present with bowel
obstruction. Colon cancers may involve the small bowel by
direct extension and rarely also may cause symptoms of
small-bowel obstruction. Metastatic colon carcinoma is a
much more common cause of small-bowel obstruction (see
later in this chapter). If the colon obstruction is deemed to
be complete on clinical or radiologic grounds, an urgent
operation is indicated (Figure 88.3). A diverting loop
colostomy is the procedure of choice in debilitated or high-
risk patients. Otherwise, the obstructing tumor may be re-
moved at the initial operation. Because preoperative bowel
preparation is impossible, primary colon anastomosis usu-
ally is contraindicated, and a double-barrel colostomy, or
“Hartmann procedure” (proximal colostomy, distal closed
defunctionalized segment), is performed. This is reversed
with a second procedure at a later date (at least two months
later) after the remaining colorectum is studied to rule out
a synchronous lesion. If the primary tumor is resected with
a proximal colectomy, a primary ileocolonic anastomosis is
acceptable. Recently, some groups have practiced intraoper-
ative colonic lavage and primary colonic anastomosis in pa-
tients with obstructing colon carcinoma, with acceptable
results. If the primary colon tumor is not completely ob-
structing, it may be possible to cleanse the colon with a
mechanical bowel preparation and perform a one-stage
procedure (i.e., resection of tumor with primary anastomo-
sis). Preoperative or intraoperative endoscopy is advisable
to rule out other synchronous lesions when this technique
is used (11).

Colon carcinoma frequently metastasizes to small intes-
tine, omentum, mesentery, and peritoneum. Thus, in West-
ern society, metastatic colon cancer is a fairly common
cause of small-bowel obstruction. A more common cause
of small-bowel obstruction in the patient who has under-
gone colon resection is adhesions. Thus, the primary
differential diagnosis in the patient presenting with small-
bowel obstruction months or years following a colon
resection for carcinoma is adhesions vs. metastatic carci-
noma. There is no completely accurate way of determining
the cause preoperatively. Adhesions usually are treated
with lysis; obstructing metastases are treated by resection,
bypass, or enterostomy.

Initial Therapy

Early treatment of patients with bowel obstruction or ileus
consists of nasogastric tube decompression and appropri-
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ate intravenous fluid resuscitation. Those with complete
obstruction or peritonitis require early surgery. Patients
with partial obstruction and those with ileus may be ob-
served with frequent examinations and daily plain-film ab-
dominal series if there is no sign of abdominal catastrophe.
Patients with a colonic ileus may be helped with a rectal
tube, but colonoscopic decompression is more effective.

Patients operated upon for bowel obstruction are given
perioperative antibiotics. This may be extended to a thera-
peutic course if ischemic bowel is resected, if an abscess or
peritonitis is encountered, or if spillage of gastrointestinal
contents occurs. The use of antibiotics in patients with par-
tial obstruction or ileus is controversial. Antibiotics should
be given if the disease process that has contributed to the
development of the ileus requires antibiotics (e.g., pneu-
monia); otherwise, there is no clear indication. Fever, ten-
derness, and leukocytosis should be regarded as indications
for operation rather than as indications for antibiotics in
most patients.

Indications for Early Consultation

A surgeon must see all patients with intestinal obstruction,
preferably within 2 hours of presentation (4). Surgical con-
sultation is also prudent in most patients with ileus. Gas-
troenterology consultation is usually unnecessary in pa-
tients with bowel obstruction or ileus but might be helpful

for colonoscopic decompression in patients with ileus and
massive colonic distension (cecum greater than 10–12 cm
in diameter).

Issues During the Course of Hospitalization

Fluid resuscitation and nasogastric tube decompression
are important in all patients presenting with bowel ob-
struction or ileus. One of the most important issues after
admission is to determine whether the patient has a com-
plete bowel obstruction. Patients with partial obstruction
who are not operated upon should be followed closely
because they may develop complete obstruction or signs
of bowel compromise during hospitalization. Most pa-
tients with partial small-bowel obstruction resolve with
appropriate conservative management, but radiologic in-
vestigation or operation should be considered if no im-
provement occurs within 48 hours. Whether or not they
undergo operations, hospitalized patients with bowel ob-
struction or ileus require close monitoring. The abdomen
and chest must be examined by a physician at least twice
daily, and vital signs, fluid balance, and nasogastric tube
function assessed. Bowel strangulation or perforation and
aspiration pneumonia are complications that can be
prevented by aggressive gut decompression and early op-
eration (3,13). Serum electrolytes and blood counts
should be monitored daily until the nasogastric tube is
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Figure 88.3 Management of bowel obstruction.
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removed and bowel function returns. Serial abdominal
radiographs are important in patients who are treated
nonoperatively or in postoperative patients who fail to
improve clinically. Wound infection, fluid overload,
pneumonia, and pulmonary embolism are not uncom-
mon postoperative complications in patients operated on
for bowel obstruction (14).

A variety of important issues must be considered if the
patient with bowel obstruction or ileus fails to improve.
These generally can be grouped as occurring in patients
who have just been operated on for obstruction versus
those inpatients with presumed partial obstruction or ileus
who are being treated nonoperatively. In the patient who
has been operated on for bowel obstruction, it is important
to know the operative findings and what was done at the
operation. What was the cause of the obstruction? Was the
bowel completely viable? Was the bowel entered? (That is,
was a bowel resection necessary? Was the bowel injured
and repaired during a difficult dissection?) Generally, pa-
tients operated on for bowel obstruction have return of
bowel function within 5 days of the operation. Patients
with chronic obstruction or those with slow progressive de-
velopment of bowel obstruction may require much more
time postoperatively for bowel function to resume. If the
patient is not progressing as expected, one should consider
peritonitis, abscess, intestinal ischemia, persistent or recur-
rent obstruction, electrolyte disorders (e.g., hypokalemia),
and “postoperative ileus” (15).

In the patient with partial obstruction or ileus who
fails to improve, the main issue is whether the patient in
fact has a complete obstruction or compromised bowel.
Thus, patients with evidence of systemic toxicity or peri-
tonitis should be operated on. Partial obstruction may
progress to complete obstruction, and rarely, partial ob-
struction may be associated with bowel strangulation or
perforation. Patients with ileus also may develop ischemic
perforation of massively distended bowel, frequently the
cecum.

Two difficult situations must be approached individu-
ally in consultation with a general surgeon. The first is the
patient who requires multiple admissions for partial small-
bowel obstruction that resolves with medical management
(7). Most of these patients are best managed with an elec-
tive operation, although there may be relative contraindi-
cations to an operation (e.g., medical comorbidities or
intra-abdominal scarring). The second problematic situa-
tion is the patient with bowel obstruction and advanced
abdominal malignancy, in whom optimal palliation might
or might not involve surgery (10).

Discharge Issues

The length of hospitalization varies depending on the pri-
mary disease. Patients requiring surgery are hospitalized for
approximately 5–7 days. Patients who have resolution of
partial obstruction without the need for surgery are often

ready for discharge in three days. Patients with ileus gener-
ally have improvement in their gut motor function as the
primary disease process resolves.

The patient with bowel obstruction or ileus may be dis-
charged from the hospital when bowel function has re-
turned and an oral diet is tolerated. Generally, distension
and nausea have resolved at this point and the patient is
passing flatus and has had a bowel movement. The patient
should be tolerating a full liquid or regular diet. With ear-
lier discharges in the modern era, postoperative complica-
tions that previously were recognized in the hospital may
present after discharge (13). The patient should be in-
structed to contact the physician for fever, abdominal pain,
nausea, or vomiting.

ILEUS OR OBSTRUCTION DEVELOPING
IN THE HOSPITAL

Patients developing bowel obstruction or ileus in the hos-
pital usually fall into two categories: those recovering from
abdominal surgery, and those with other problems, usually
medical. These patients are less likely to require an urgent
operation, but the same principles discussed previously
generally apply (15). Although most of these patients can
be managed conservatively, the clinician must be vigilant
for the possibility of bowel strangulation or perforation.
These patients all should be managed in consultation with
a general surgeon.

Issues During the Course of Hospitalization

The Patient Recovering from an Abdominal
Operation

The patient recovering from an abdominal operation may
develop progressive abdominal distension, hypoperistalsis,
and obstipation (15). A functioning nasogastric tube should
be placed (if not already present) and intravenous fluids
given to maintain euvolemia. The patient should be exam-
ined and an obstruction series ordered. The differential diag-
nosis includes an abdominal catastrophe (leaking anasto-
mosis with peritonitis, ischemic bowel, perforation),
localized abscess, anastomotic obstruction, adhesions, inter-
nal or wound herniation, and postoperative ileus. The pa-
tient who has an abdominal disaster generally has systemic
signs of toxicity as well as peritoneal signs. The plain films
may show free intra-abdominal air (not pathognomonic, be-
cause this may persist for several days after laparotomy), and
a CT scan may show pneumatosis intestinalis, pneumoperi-
toneum, a generous amount of free intraperitoneal fluid, or
a fluid collection with air bubbles. Patients with these find-
ings require an immediate operation. Broad-spectrum an-
tibiotics are administered, and a functioning nasogastric
tube must be in place to avoid pulmonary aspiration during
the induction of general anesthesia.
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A localized abdominal or pelvic abscess may be associ-
ated with mechanical obstruction or ileus postoperatively.
There may be focal tenderness, fever, and leukocytosis. Rec-
tal examination may reveal a tender bulge in the cul-de-sac,
and the diagnosis can be confirmed with CT scan and nee-
dle aspiration. Percutaneous drainage usually is successful
if a safe course to the collection can be charted without
passing through distended bowel loops. Otherwise, opera-
tive drainage may be necessary. Transrectal drainage of
pelvic abscesses remains a useful technique.

The patient who has had a bowel resection may develop
mechanical or functional obstruction at the anastomotic site
during the postoperative period. Common causes are
edema, leaks, adhesions, and other technical problems. In
the absence of signs of sepsis, these patients are usually man-
aged expectantly, with nasogastric decompression and intra-
venous fluids. Serial radiographs are useful in monitoring
the degree of distension and the progression of gas distally.
If a small anastomotic leak is suspected, intravenous antibi-
otics are appropriate. These patients rarely develop ischemia
or perforation unless they have a colorectal anastomosis and
a competent ileocecal valve. In this case, massive colonic dis-
tension proximal to the anastomosis may result in a cecal
perforation or a disruption of the anastomosis. Cecostomy
or decompressing loop colostomy should be considered if
cecal diameter exceeds 10–12 centimeters.

Postoperative adhesions form within days of an opera-
tion, and these may cause mechanical obstruction at any
time. Postoperative mechanical small-bowel obstruction
secondary to adhesions may be difficult to distinguish from
postoperative ileus. This fact, coupled with the observation
that bowel strangulation or perforation is unusual in this
setting, make expectant nonoperative therapy the treat-
ment of choice (15). Surgery is indicated for peritoneal
signs or if the patient fails to improve by 10–14 days.

Internal herniation or volvulus should always be con-
sidered as a cause of bowel obstruction in a patient who has
undergone a bowel resection. The bowel may herniate
through the mesenteric defect of the resected bowel, and
strangulation may occur. Rarely, during the course of in-
testinal resection the remaining bowel (usually small
bowel) is inadvertently rotated on its axis, causing a volvu-
lus, which results in ischemia. The patient presents with
pain and acidosis within 24–48 hours of the index opera-
tion and requires an immediate operation. Massive bowel
loss is the usual outcome. Internal herniation presents as a
mechanical obstruction and should be suspected if local-
ized distended bowel loops are seen on radiograph or CT
scan. The loops may be located eccentrically within the ab-
domen. If this diagnosis is suspected, an urgent operation
is also indicated.

Postoperative ileus is probably the most common cause of
abdominal distension, nausea and vomiting, and obstipa-
tion seen in the patient recovering from an abdominal or
pelvic operation. The pathophysiology is poorly under-
stood, but the result is a disruption in normal peristalsis. In

patients recovering from laparotomy, effective peristalsis
returns first to the small intestine, then to the stomach, and
finally to the colon. In some patients, pain, medications
(e.g., opiates), electrolyte disturbances, and other disease
states may result in a prolonged delay in the return of
bowel function. Progressive distension usually can be pre-
vented by maintaining a functioning nasogastric tube. Rec-
tal tube and colonoscopic decompression may be useful in
patients with massive colonic dilatation, but should be
used very cautiously, if at all, in patients who have just un-
dergone colon resection. Early ambulation, decreasing the
opiate dose, and correcting electrolyte disturbances helps
in some patients. Enemas and suppositories may be useful
in patients who do not have a left-sided colon anastomosis.
Oral stimulants (bisacodyl, magnesium compounds) and
promotility agents (cholinergic agonists, cisapride) may
have a role in some patients but should be used cautiously
and in consultation with the surgeon.

Opiate analgesia is thought to play an important role in
ileus after abdominal surgery. Systemic opiates affect pain
and splanchnic receptors equally, contributing to disrupted
peristalsis. An investigational agent, ADL 8-2698 (Adalor)
selectively reverses opioid inhibition of gastrointestinal
motility without blocking systemic analgesia. The effective-
ness of this agent is currently being determined.

Cisapride is a promotility agent that works through a
cholinergic mechanism and commonly is used to treat
gastroparesis, gastroesophageal reflux, and idiopathic con-
stipation (16). It has been tried with more modest success
in postoperative ileus, colonic inertia, and intestinal
pseudo-obstruction. The usual adult dose is 10 mg orally
4 times daily. It is generally contraindicated in mechani-
cal small-bowel obstruction because increased motor
activity from the drug may lead to increased intraluminal
intestinal pressure.

Intestinal distension and altered motility are important
pathophysiologic components of both mechanical small-
bowel obstruction and ileus. Octreotide, a long-acting so-
matostatin analog, has been tried in these diseases. Research
in both animals and humans shows that this drug decreases
luminal fluid accumulation in small-bowel obstruction and
increases effective peristalsis in ileus. Patients with routine
mechanical small-bowel obstruction or postoperative ileus
should not be considered candidates for treatment with this
agent because its effectiveness has not been shown in these
settings. However, patients with terminal cancer and malig-
nant bowel obstruction, or those with unusual causes of
ileus (e.g., scleroderma, idiopathic pseudo-obstruction,
small-bowel transplant), may get significant improvement
in symptoms with octreotide in divided subcutaneous doses
of 300–600 mg daily (17).

The Patient Hospitalized with Other Diagnoses

A hospitalized patient who develops abdominal distension
while being treated for some seemingly unrelated problem
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may have an ileus or an intra-abdominal catastrophe. Such
a patient should be evaluated and managed as outlined pre-
viously. The most important initial consideration is
whether the patient has abdominal pain or tenderness. If so,
the patient should be seen expeditiously by a surgeon.
Unlike the patient discussed previously who comes to the
hospital with abdominal pain and distension and has me-
chanical bowel obstruction, the patient who develops ab-
dominal distension while being treated in the hospital for
another problem is more likely to have an acute surgical
condition of the abdomen or an ileus rather than simple
mechanical obstruction. Other medical problems that have
led to hospitalization may distract the managing team and
delay recognition of a new problem, and they also make an
operation more risky. These facts, together with the greater
acuity of illness in modern hospitalized patients and the
greater percentage of immunosuppressed patients, help ex-
plain the high mortality rate in patients requiring an urgent
abdominal operation in this setting. Thus, the surgeon
should be involved as early as possible.

If the patient is able to cooperate, a diagnosis usually
can be reached by taking a history, performing an exami-
nation, reviewing the chart and recent laboratory data, and
evaluating a plain radiograph series. Ileus may be suspected
according to the algorithm in Figure 88.2. Ileus may be as-
sociated with other serious intra-abdominal pathology re-
quiring an urgent operation. As a general rule, a CT scan
can rule out such pathology, with the exception of ischemic
bowel (Chapter 87). The diagnosis of intestinal ischemia
should be pursued vigorously unless the lucid patient de-
nies significant abdominal pain.

Colonic pseudo-obstruction (Ogilvie’s syndrome) is not
uncommon in the hospitalized, bedbound, elderly patient.
It presents with abdominal distension, and radiographs
show a distended air-filled colon with or without small-
bowel distension. Although some patients respond to rec-
tal tube insertion and frequent repositioning, colonoscopic
decompression is the treatment of choice (12). If this is un-
successful or if there is abdominal tenderness, laparotomy
and operative decompression must be considered. Laparo-
scopic exploration (to rule out actual or impending perfo-
ration) and cecostomy are less invasive options.

Toxic megacolon is another important diagnostic consid-
eration in the hospitalized patient. This occurs in the set-
ting of inflammatory bowel disease or antibiotic-associated
colitis (Chapters 81 and 77, respectively). Patients appear
ill, with fever and tachycardia. There is abdominal disten-
sion, hypoperistalsis, and tenderness, frequently along the
course of the colon. Plain radiographs show an air-filled,
often featureless colon. CT scan shows a thick-walled
colon. Clinical deterioration, increasing toxicity, worsening
abdominal examination, and radiologic signs of impend-
ing or actual perforation all are indications for surgery. Ab-
dominal colectomy and ileostomy is the procedure of
choice, even though the colon may not appear compro-
mised at the time of the operation.

Discharge Issues

The patient who has developed ileus or bowel obstruction
while in the hospital for another problem may be dis-
charged when gastrointestinal function has returned and
the initial problems are under control. The patient should
be tolerating at least a full liquid diet. If oral medications
are required, there must be a means of assuring that the pa-
tient is taking and tolerating the medication. Follow-up
and monitoring of nutritional status are important in many
of these patients (13).

COST CONSIDERATIONS AND
RESOURCE USE

Early surgery, avoidance of unnecessary tests, and judicious
use of antibiotics all are part of good clinical care in the pa-
tient with bowel obstruction. Adequate and expeditious
fluid resuscitation and nasogastric decompression are clin-
ically important and help save resources.

The use of laparoscopy in the patient with bowel ob-
struction is controversial, and much of the controversy re-
volves around the safety and cost (14). The technique is
safe in experienced hands and probably leads to some cost
savings for patients in whom laparotomy is avoided (a
small minority of patients with bowel obstruction or ileus).
These patients can be discharged earlier and may return to
work sooner (18). However, the technique may increase
costs in the operating room. Minimizing these costs by the
selective use of this technology by experienced surgeons
might lead to an overall reduction in the cost of caring for
small-bowel obstruction in selected patients (19).

KEY POINTS

■ Patients presenting to the hospital with bowel obstruc-
tion or ileus should be seen promptly by a general sur-
geon. All patients with bowel obstruction or ileus require
hospitalization.

■ Careful fluid resuscitation and nasogastric decompression
are important in all patients with bowel obstruction or a
significant ileus. Selective use of specialized procedures
such as CT scan, flexible colonoscopy, contrast radiogra-
phy, and arteriography may be useful in some patients.

■ The patient with complete obstruction requires an ur-
gent operation. The patient with partial obstruction may
require an urgent operation based on clinical or radio-
logic findings; those managed nonoperatively are best
admitted to a surgical service for close monitoring.

■ Patients with ileus often have a surgical problem causing
the ileus (e.g., diverticulitis, appendicitis, perforated ul-
cer, ischemic bowel). Those patients without an obvious
surgical problem still warrant careful monitoring, lest
dangerous distension with ischemia and perforation su-
pervene.
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■ Patients who develop bowel obstruction or ileus while in
the hospital, including those recovering from an abdom-
inal or pelvic operation, may have an acute surgical con-
dition of the abdomen.

■ Ischemia always must be considered as a possible cause
of ileus or obstruction, and early arteriography should be
performed in the appropriate circumstance.
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INTRODUCTION

Nonspecific symptoms such as fatigue resulting from ane-
mia, or signs such as splenomegaly or lymphadenopathy,
are often the first clinical manifestations of serious under-
lying disease. Early recognition and evaluation are critical
to patient management. Appropriate and timely therapy
can maintain quality of life and function and in some cases
prolong survival.

Abnormalities in the complete blood count are among
the most common presenting laboratory findings on ad-
mission to the hospital. In addition, hospitalization com-
monly causes additional hematologic disorders, resulting
from either the illness that led to admission or the treat-
ments rendered during the inpatient stay. Careful review of

blood counts and the peripheral blood smear can result in
earlier diagnosis and treatment of both hematologic and
nonhematologic illnesses. Disorders of platelets and coag-
ulation are discussed in Chapter 98, and polycythemia is
covered in Chapter 95.

SIGNS AND LABORATORY
ABNORMALITIES

Splenomegaly

Presenting at the Time of Admission

Examination of the left upper quadrant for splenomegaly
may be difficult in an obese or uncooperative patient. Pal-
pation with the patient in the left decubitus position or
with the knees raised during deep inspiration may help cir-
cumvent these difficulties. Occasionally, dilated loops of
bowel mimic an enlarged spleen. Confirmation of sus-
pected splenomegaly is best obtained by ultrasound exam-
ination.

The differential diagnosis of splenomegaly is listed in
Table 89.1. Patients may present with left upper quadrant
fullness, anorexia, or early satiety resulting from a markedly

89
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enlarged spleen. The size and character of the enlarged
spleen, as well as the presence of tenderness or left-sided
pleuritic pain, help in the differential diagnosis. A mas-
sively enlarged and firm spleen is almost always caused by
an underlying infiltrative malignancy such as a lympho-
proliferative or myeloproliferative disorder (1). Marked
enlargement of the spleen also may be seen in chronic in-
fections such as malaria and from infiltrative processes
such as Gaucher’s disease. Splenic or pleuritic pain may be
caused by splenic infarct; this pain is usually acute and lasts
2–3 days. Splenic infarcts generally are caused by emboli,
acceleration of myeloproliferative or myelodysplastic dis-
eases, or splenic abcesses.

Evaluation of splenomegaly should include a focused
physical examination to look for the presence of lymph-
adenopathy or hepatomegaly. The evaluation of lymph-
adenopathy is discussed subsequently. The presence of both
splenomegaly and significant lymphadenopathy is likely to

result from a lymphoproliferative disease or a chronic in-
fection. If hepatomegaly is found, evaluation should focus
on disorders involving the liver (Chapter 77). The finding of
lymphadenopathy or hepatomegaly should prompt a com-
puted tomography scan to look for additional abdominal
pathology. Positron emisson tomography (PET) scanning
may be a useful way to distinguish benign from malignant
lymphadenopathy. The physical examination also may re-
veal spider angiomata and other stigmata of liver disease, or
ecchymoses and petechiae, suggesting coexistent marrow
pathology or cellular sequestration.

A complete blood count and examination of the periph-
eral blood smear are essential. If the white cells are elevated
and the blood smear shows a lymphocytosis, chronic lym-
phocytic leukemia is possible. The diagnosis is established by
flow-cytometric analysis of the peripheral blood. Alterna-
tively, if the white-cell count is elevated but the blood
smear shows a “left shift,” nucleated red blood cells and ba-
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TABLE 89.1
DIFFERENTIAL DIAGNOSIS OF SPLENOMEGALY

Disease category Examples Specific blood-smear findings

Malignancy Chronic myelogenous leukemia Left shift and basophilia
Myeloproliferative/dysplastic Myelofibrosis with agnogenic Nucleated red blood cells, tear

myeloid metaplasia drop-shaped red blood cells
Myelodysplastic syndromes Dysplastic neutrophils
Chronic myelomonocytic leukemia Dysplastic monocytes
Acute myelogenous leukemia Blasts with granules

Lymphoproliferative Chronic lymphocytic leukemia Lymphocytes and smudge cells
Non-Hodgkin’s lymphoma
Hodgkin’s disease
Acute lymphocytic leukemia Blasts with prominent nucleoli
Hairy cell leukemia Spiculated lymphocytes

Infection Schistosomiasis
Leishmaniasis
Disseminated mycobacteria
Bacterial endocarditis Dohle bodies, vacuoles
Acute viral hepatitis
Malaria Red cell inclusions on thick smear

Hemolytic anemia
Hereditary Hereditary spherocytosis Spherocytes

Sickle cell disease with splenic Sickled red cells
sequestration crisis

Thalassemia (severe) Microcytes, fragments
Autoimmune hemolytic anemia, Spherocytes

with (Evans’ syndrome) or
without ITP

Acquired Autoimmune neutropenia with
rheumatoid arthritis
(Felty’s syndrome)

Infiltrative disorders Lipid storage disorders
(Gaucher’s disease)

Amyloid
Portal vein obstruction Cirrhosis Target cells

(sequestration) Portal vein thrombosis Target cells

ITP, immune-mediated thrombocytopenic purpura.
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sophilia, a myeloproliferative disease such as chronic myel-
ogenous leukemia is likely (2) (Chapter 95). The presence
of blast cells on the peripheral smear suggests acute
leukemia (Chapter 93). The diagnosis is made by bone-
marrow evaluation with cytogenetics.

Malignant disease with splenomegaly often is accompa-
nied by anemia. However, if anemia is the predominant ab-
normality and the blood smear shows abnormal red-cell
morphology such as spherocytes (Table 89.2), then a
hemolytic anemia is the likely cause of splenomegaly.
The evaluation of hemolytic anemia is covered subse-
quently. Hemolytic anemia or immune thrombocytopenia
may complicate the marked splenomegaly found in lym-
phoproliferative diseases such as chronic lymphocytic
leukemia. A patient with a chronic hemolytic anemia such
as sickle-cell disease may develop splenic sequestration cri-
sis and present with splenomegaly, fever, and severe ane-
mia (Chapter 97). This is because of marrow suppression
from acute infection with parvovirus B19; it is usually self-
limited.

Patients with chronic infections (e.g., malaria, tuberculo-
sis, or endocarditis) may have splenomegaly associated
with recurrent fevers. Diagnosis is made by examination of
the blood smear for parasites, blood cultures, chest radio-
graph, and placement of a purified protein derivative
(PPD) skin test. A biopsy of an enlarged lymph node or
bone-marrow culture may be necessary to make the diag-
nosis of disseminated mycobacterial infection. Liver chem-
istry tests should be obtained to rule out acute viral
hepatitis or portal vein obstruction caused by cirrhosis or
thrombosis. Ultrasound with evaluation of blood flow can
help evaluate the presence of portal vein thrombosis. Patients
with portal vein thrombosis should undergo further testing
for hypercoagulable states or myeloproliferative disease
such as polycythemia vera (Chapters 95 and 98). Infiltra-
tive disease and lipid-storage disorders usually are evalu-
ated by bone-marrow aspiration and biopsy, as well as fat
pad biopsy for amyloid.

Management of splenomegaly is entirely dependent on
the underlying cause. Regardless of the cause, a massively
enlarged spleen traps white blood cells, red blood cells, and
platelets, leading to variable cytopenias. Patients with
splenomegaly may not respond to transfusions of red
blood cells and platelets; the latter can complicate plans for
procedures. If a procedure is planned for a patient with
splenomegaly and thrombocytopenia, it is important to
check the response to transfused platelets immediately af-
ter the transfusion to ensure that the resulting count is ad-
equate. Occasionally, patients with splenomegaly require
splenectomy. This is usually beneficial in autoimmune
hemolytic anemia and is curative in hereditary spherocyto-
sis. In addition, patients with significant cytopenias from
sequestration caused by chronic myeloproliferative or lym-
phoproliferative diseases that are unresponsive to
chemotherapy may benefit from splenectomy. In general,
splenectomy is not advisable for patients with significant

obstruction to portal vein blood flow. Splenic irradiation is
a rarely used technique to manage massive splenomegaly
associated with malignancy in a patient who is not a surgi-
cal candidate. Pain resulting from splenic infarcts is gener-
ally transient and responds to pain medications.

Presenting During Hospitalization

Mild or moderate splenomegaly may develop during hos-
pitalization. The differential diagnosis is much narrower
than for splenomegaly observed at presentation. Patients
with chronic hemolytic anemia are at risk for splenic seques-
tration crisis resulting from infection with parvovirus B19
(see above). An already enlarged spleen resulting from
myeloproliferative or lymphoproliferative disease may in-
crease in size after multiple transfusions, because of se-
questration of blood products.

Hospitalized patients often are given medications that
can cause hemolytic anemia (see the section on “Anemia”
later in this chapter). The development of a hyperproduc-
tive anemia with splenomegaly in a hospitalized patient
should provoke an investigation into possible drug-
induced hemolysis. Patients with acute presentations of
autoimmune diseases may develop splenomegaly while
hospitalized for evaluation of fever. The diagnosis may be
elusive and is often one of exclusion. As with splenomegaly
presenting on admission to the hospital, management is
entirely dependent on the etiology of splenomegaly.

Lymphadenopathy

Presenting at the Time of Admission

The most common cause of lymphadenopathy on admis-
sion to the hospital is a contiguous infected area. However,
both isolated nodal enlargement and generalized lym-
phadenopathy are associated with lymphoma, leukemia,
HIV disease, other chronic infections, and autoimmune
disease (3). The differential diagnosis of lymphadenopathy
depends on the age of the patient, the time course, associ-
ated symptoms, the presence of localized or generalized
adenopathy, consistency of the nodes, and the areas of in-
volvement (Table 89.3). As with other symptoms and
signs, an older patient is less likely to have a benign cause
of adenopathy. Reactive lymph-node hyperplasia is most
common in children. Acute, painful adenopathy is more
likely associated with infection than are slowly progressive,
nontender nodes. Associated symptoms such as weight
loss, fevers, and night sweats may be seen with lympho-
proliferative disease, chronic infections, and autoimmune
disease.

Malignancy more often presents as a single nontender
enlarged node rather than the generalized mild adenopa-
thy seen in response to infection or autoimmune disease. A
hard, fixed node usually represents involvement with
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TABLE 89.2
APPROACH TO ANEMIA

Reticulocyte
count MCV Blood smear Diagnosis Workup

Low Low Hypochromia, target Iron deficiency Iron, iron binding capacity, 
cells, basophilic ferritin (and consider serum
stippling, pencil cells, transferrin receptor)
thrombocytosis

Target cells, basophilic Thalassemia trait Hemoglobin electrophoresis
stippling 

Mixed population of red Sideroblastic anemia or Bone marrow aspirate with iron
blood cells myelodysplasia stain to look for ringed

sideroblasts
Unremarkable Anemia of chronic disease

Low–normal Low Basophilic stippling Lead poisoning Occupational history, free
erythrocyte protoporphyrin,
lead levels

Low Normal Tear drops and red Primary marrow  failure: Iron studies, bone marrow
cell fragments in aplastic anemia, pure red aspiration and biopsy with
myelophthisic process cell  aplasia, myelophthisic iron stain and cytogenetics
(leukoerythroblastic), (infiltrative) process,
rouleaux in myeloma myelodysplasia, leukemias,

myeloma, early iron deficiency
Burr cells in renal Secondary marrow failure: hypo- Thyroid function tests,

disease, pencil cells and hyperthyroidism, anemia creatinine, HIV serology,
in HIV of chronic disease, anemia of erythropoietin level

renal failure, HIV infection
Normal Splenomegaly with sequestration

Lowa High Macro-ovalocytes, Megaloblastic anemia: vitamin B12 and folate level, LDH,
hypersegmented B12 or folate deficiency, Schilling test, bone marrow
neutrophils myelodysplastic syndrome, aspirate and biopsy  with

drug-induced cytogenetics if normal levels
found

Acanthocytes, spur cells Nonmegaloblastic anemia: Liver function tests, thyroid 
and target cells in liver liver disease, hypothyroidism, function tests
disease, reticulocytes reticulocytosis

High Normal–high Normal Acute blood loss
Spherocytes (warm) or Acquired hemolytic  anemia: Direct Coombs test (DAT), 

red-cell agglutination autoimmune or drug-induced cold agglutinins, LDH, 
(cold) hemolytic anemia (warm or direct bilirubin

cold)
Schistocytes Mechanical hemolysis: valve or LDH, creatinine, coagulation 

microangiopathic hemolytic tests to rule out DIC
anemia (TTP/HUS)

Red blood cell inclusions Infection: Clostridium, malaria, Blood cultures, examination of
(malaria, babesiosis) babesiosis, Bartonella, sepsis thick smear 

Dysplastic neutrophils Paroxysmal nocturnal Urine hemosiderin, flow
hemoglobinuria cytometry for CD 55/59

Abnormal size and shape Hereditary hemolytic anemia: Hemoglobin electrophoresis,
of red blood cells hemoglobinopathies (e.g., sickle- G6PD level in nonacute 
(hemoglobinopathy), cell disease), enzyme defects (e.g., setting, Heinz body prep, 
bite cells (G6PD), G6PD deficiency) membrane defects osmotic fragility testing
spherocytes (HS) (HS), unstable hemoglobins

High Low Target cells, basophilic �- or �-thallasemia Hemoglobin electrophoresis,
stippling, fragments family history

a Except when macrocytosis is due to hemolytic anemia and reticulocytosis.
DAT, direct antiglobulin test; DIC, disseminated intravascular coagulation; G6PD, glucose-6-phosphate
dehydrogenase; HIV, human immunodeficiency virus; HS, hereditary spherocytosis; HUS, hemolytic uremic
syndrome; LDH, lactate dehydrogenase; TTP, thrombotic thrombocytopenic purpura.
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metastatic carcinoma or sarcoma. In contrast, rubbery, mo-
bile, and matted nodes often are found in lymphoprolifer-
ative diseases. Soft, mobile nodes are more common in
reactive adenopathy; the nodes associated with mycobacte-
rial infection may be fluctuant. Firm or hard supraclavicu-
lar adenopathy often indicates underlying intrathoracic or
intraabdominal carcinoma, although a single enlarged,
rubbery supraclavicular node in a young adult is one of the
most common presentations of Hodgkin’s disease. Unilat-
eral enlarged axillary nodes may indicate advanced breast
cancer. An isolated hard periumbilical node (Sister Mary
Joseph node) is associated with metastatic adenocarci-
noma, usually of gastric origin. Intraabdominal lymph-
adenopathy may be palpated as an abdominal mass and be
confused with colon or ovarian cancer. In contrast, occipi-
tal adenopathy rarely is associated with malignancy.
Epitrochlear nodes may be seen with infection (e.g., cat
scratch disease, cellulitis), sarcoidosis, or with lymphopro-
liferative disease.

Evaluation of lymphadenopathy should include a care-
ful physical examination with digital rectal and bimanual
examinations. A chest radiograph and appropriate scans
also should be obtained. Computed tomography, magnetic
resonance imaging, gallium, and positron emission tomog-
raphy scans also may be indicated, depending on the cir-
cumstances. Fine-needle aspiration (FNA) of the enlarged
node should be performed and the aspirate sent for micro-
biologic studies, cytology, and flow-cytometric analysis if
indicated. If adenopathy is caused by carcinoma or sarcoma,
fine-needle aspiration may allow diagnosis without inva-
sive surgery to remove a biopsy sample from the primary tu-
mor. In general, a biopsy should be performed if the fine-needle
aspiration is nondiagnostic or suggests lymphoma. The tissue
sections obtained with a biopsy allows the subtype of lym-
phoma to be determined, which significantly influences
treatment recommendations and prognosis. If possible, it is
prudent to avoid biopsy of an inguinal node, because of the

common occurrence of reactive hyperplasia that may
confuse the diagnosis. If mediastinal and abdominal
adenopathy are the only sites of disease, mediastinoscopy
or laparoscopy with biopsy may be required.

Generalized lymphadenopathy is often a presenting
sign of HIV disease (Chapter 74). Other infections should
be evaluated with serologic tests, cultures, and node biopsy
if necessary. Endocrinopathies such as thyrotoxicosis and
adrenal insufficiency may be associated with mild lymph-
adenopathy.

Treatment of lymphadenopathy depends on the under-
lying diagnosis.

Presenting During Hospitalization

Lymphadenopathy presenting during hospitalization may
be caused by a drug reaction or evolving autoimmune dis-
ease. A newly enlarged lymph node may indicate progres-
sion of an underlying malignancy. The most common
cause of new lymphadenopathy during hospitalization is
infection. This usually results from bacterial contamination
of a peripheral or central line site. In addition, patients with
untreated chronic infection may develop adenopathy if
they are receiving corticosteroids.

Anemia

Anemia can be classified by the size of the red cell (mean
corpuscular volume [MCV]) or by the response of the bone
marrow (hyperproductive versus hypoproductive) to a de-
creased red cell mass. An MCV less than 70 fL is consistent
with iron deficiency or thalassemia; an MCV over 125 fL is
almost always diagnostic of megaloblastic anemia. The
reticulocyte count helps differentiate a hypoproductive
anemia from a hyperproductive anemia. The reticulocyte
count may be expressed as a percentage of the red blood
cell count, but this does not correct for the degree of ane-
mia. A more useful number is the absolute reticulocyte
count, which is calculated as follows: Absolute reticulocyte
count � % reticulocytes � red blood cell count/�L3.

A result greater than 100,000 per cubic millimeter indi-
cates increased production of red cells. Reticulocytes are
larger than mature red blood cells; a significant reticulocy-
tosis increases the MCV. Review of the peripheral blood
smear is a critical diagnostic procedure in the evaluation of
anemia. The differential diagnosis of anemia based on the
MCV, reticulocyte count, and review of the peripheral
smear is shown in Table 89.2 (4).

Presenting at the Time of Admission

Anemia is the most common laboratory abnormality in
the newly admitted patient. It may be the first sign of a se-
rious systemic illness or may indicate reaction to medica-
tions, infection, or a primary bone-marrow process. A

Chapter 89: Signs, Symptoms, and Laboratory Abnormalities in Hematology–Oncology 889

TABLE 89.3
DIFFERENTIAL DIAGNOSIS OF
LYMPHADENOPATHY

Infection
Epstein-Barr virus
Cytomegalovirus
HIV
Toxoplasmosis
Tuberculosis
Histoplasmosis
Coccidioidomycosis
Brucellosis
Bacterial endocarditis
Viral hepatitis
Secondary syphilis
Cat scratch disease
Bacterial skin infections

Autoimmune
Systemic lupus

erythematosus
Rheumatoid arthritis
Sarcoid
Pseudolymphoma

Malignancy
Hematologic (lymphoid and

myeloid)
Other

Drug reaction
Dilantin
Hydralazine
Allopurinol

26410 ch 089  3/12/05  11:43 AM  Page 889



careful evaluation should include a detailed history with
attention to diet, prescription and nonprescription medi-
cations, alternative therapies, occupation (e.g., lead expo-
sure), menstrual history, recent travel (e.g., malaria,
tuberculosis), hospitalizations or surgeries, prior history
of anemia, and family history (of anemia, autoimmune
disease, or infections). The duration of symptoms such as
fatigue and shortness of breath, and the presence of pica
or neurologic symptoms also can help narrow the differ-
ential diagnosis. Many patients with hereditary hemolytic
anemias have a history of cholecystitis, with resulting
cholecystectomy, caused by bilirubin gallstones. Physical
examination should include a thorough examination of
the skin (ecchymoses, spider angiomata, jaundice),
oropharynx (glossitis and angular cheilosis in nutritional
deficiencies, petechiae, gum swelling, telangiectasias),
nails (spoon nails in iron deficiency), lymph nodes, and
abdomen (hepatomegaly or splenomegaly), and a neuro-
logic examination with attention to position and vibra-
tion sense (vitamin B12 deficiency).

The most common cause of anemia worldwide is iron
deficiency (5). This microcytic, hypochromic, hypoproduc-
tive anemia may initially present as mild normocytic ane-
mia. The most common causes of iron deficiency include
blood loss from the gastrointestinal tract, menstruation,
blood donation, and increased requirements with inade-
quate dietary iron (e.g., pregnancy and lactation). The
cause of blood loss from the gastrointestinal tract always
should be thoroughly investigated for serious pathology,
although prolonged use of aspirin or other nonsteroidal
antiinflammatory drugs may cause enough blood loss to
result in iron deficiency. Blood loss also may be caused by
significant hematuria or chronic intravascular hemolysis
(e.g., mechanical heart valve or paroxysmal nocturnal
hemoglobinuria).

It is important to evaluate microcytic anemia with ap-
propriate iron studies before instituting therapy (6). Tests
should include a serum iron level, transferrin level, per-
centage saturation, and ferritin level. A low ferritin level
(�30 �g/L is a sensitive cut-off) may be the only way to de-
tect early iron deficiency. As the depletion in iron stores
progresses, the transferrin level rises as the iron level and
saturation fall. Characteristic changes in red blood cell
morphology may be found on the peripheral blood smear.
As iron deficiency progresses, red blood cell abnormalities
become more pronounced. If iron studies are normal, the
most likely diagnosis is thalassemia or anemia of chronic dis-
ease (AOCD). With thalassemia, the MCV is usually very
low for the degree of anemia, and the red blood cell mor-
phology is abnormal (Table 89.2). One useful formula for
differentiating pure thalassemia from iron deficiency is the
Mentzer index: MCV/red blood cell count is usually less
than 20 in thalassemia and more than 20 in iron defi-
ciency. The hemoglobin electrophoresis can be diagnostic
for severe �- and �-thalassemia but is normal in 
�-thalassemia minor. The most important reasons for diag-

nosing thalassemia are to avoid inappropriate iron supple-
mentation (resulting in iron overload) and to facilitate ge-
netic counseling.

AOCD may be microcytic or, more commonly, normo-
cytic and is seen with malignancy, autoimmune disease,
chronic infections, or other debilitating illnesses (7). It may
be particularly difficult to differentiate the anemia of
chronic disease from the anemia of iron deficiency. The
serum transferrin receptor (sTfR) may help delineate these
two disorders. Nutritional iron deficiency is associated with
an increased level of sTfR; this level is not affected by
AOCD. The sTfR results are affected by a number of other
hematologic disorders (including erythropoeisis, thal-
assemia, hemolytic anemia, and megaloblastic anemia),
limiting the specificity of this test for general hematologic
evaluation. Elevation of this value appears to be relatively
sensitive and specific for the diagnosis of iron deficiency
(6), but lack of standardization for the assay limits its
widespread use. A less expensive test that can be used as a
quick screen for iron deficiency even in the absence of ane-
mia is the erythrocyte zinc protoporphyrin/hemoglobin
ratio; this ratio also is affected by other hematologic
disorders.

Table 89.4 shows the key differences and similarities in
laboratory studies. AOCD is associated with an inappropri-
ately low erythropoietin level for the degree of anemia. The
erythropoietin level is extremely low if anemia is caused by
renal insufficiency. Other causes of a normocytic, hypopro-
ductive anemia, such as hypothyroidism or a primary
bone-marrow infiltrative process, should be considered. If
other cell counts are abnormal, aplastic anemia, myelodys-
plasia, leukemia, myelofibrosis, and other infiltrative pro-
cesses also should be considered. Splenic sequestration can
lead to a hypoproductive anemia. The degree of anemia
should correlate with the degree of splenomegaly (i.e., if
the spleen is barely palpable, it is not the cause of signifi-
cant anemia).
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TABLE 89.4
DIFFERENTIATING IRON DEFICIENCY FROM
ANEMIA OF CHRONIC DISEASE

Anemia of Iron
Parameter chronic disease deficiency

Iron Low Low
Transferrin (TIBC) Normal–low High
Saturation Low Low
Ferritin Normal–high Low
Serum transferrin receptor Normal High
Erythropoietin Low High

TIBC, Total iron binding capacity.
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The evaluation of a hypoproductive, normocytic anemia
should include appropriate iron studies (Table 89.4) and
review of the peripheral smear. A careful physical examina-
tion should be performed to look for signs of underlying
malignancy that might cause AOCD or infiltrate the mar-
row. A chest radiograph is indicated. Additional laboratory
studies (as indicated) and an erythropoietin level may help
determine the cause of anemia. If a diagnosis is not readily
apparent, a bone-marrow aspirate and biopsy are indi-
cated.

Hypoproductive, macrocytic anemia is seen most com-
monly with folate or B12 deficiency or myelodysplastic
syndromes. In addition, chronic drug therapy (e.g., cy-
closporine, azathioprine, and hydroxyurea) can cause a
megaloblastic anemia. B12 deficiency may be seen in pa-
tients with decreased absorption of dietary B12 resulting
from decreased production of intrinsic factor (pernicious
anemia, gastrectomy), abnormalities of the ileum (surgical
resection, inflammatory bowel disease) or gastric mucosa
(infection with Helicobacter pylori), or bacterial overgrowth
(blind loop syndrome). Dietary B12 deficiency is very rare
and is seen only in strict vegetarians who avoid all dairy
products. Pernicious anemia is a hereditary autoimmune
disease; signs of B12 deficiency are not usually evident be-
fore 35 years of age. Because of high body stores, deficiency
of B12 resulting from malabsorption may not be evident for
many years after gastric or ileal resection. Patients with a
history of bowel surgery should be screened for deficiency
before clinical symptoms develop. Folate deficiency is most
often caused by inadequate dietary intake and may be exac-
erbated at times of increased requirements such as during
pregnancy or in patients with hemolytic anemia. Deficient
dietary intake of folate is seen in alcoholics, in elderly
patients who do not eat fresh fruits and vegetables, and dur-
ing starvation. Occasionally, medications, including pheny-
toin, trimethoprim–sulfamethoxazole, and sulfasalazine,
may interfere with absorption of folate from the gasrtroin-
testinal tract. Patients with tropical sprue also may malab-
sorb folate. Nonmegaloblastic hypoproductive macrocytic
anemia can be seen associated with liver disease and
hypothyroidism.

The diagnostic approach to macrocytic anemia should be-
gin with a careful history, a serum B12 level, a red-cell folate
level, and review of the peripheral smear. Even if the red
blood cells are normocytic, the presence of hyperseg-
mented neutrophils (defined as more than one five-lobed
or at least one six-lobed or more neutrophil) should insti-
gate a workup for B12 or folate deficiency (8). A normocytic
anemia might be seen, caused by thalassemia or iron defi-
ciency, in addition to deficiencies of B12 or folate. A B12

level less than 100 pg/mL is diagnostic of overt deficiency;
the lactate dehyrogenase (LDH) is also elevated. Further
evaluation of B12 deficiency has included the Schilling test,
which is performed after replacement of B12. Several addi-
tional blood tests can now be used to confirm the diagno-
sis, and assess etiology. Methylmalonic acid is elevated

when cobalamin levels are low, and falls with replacement
therapy. Antibodies to intrinsic factor are a highly specific
but insensitive method of diagnosing pernicious anemia;
only 50% of patients with pernicious anemia have elevated
antibodies. A low red blood cell folate level (�150 mg/mL)
is consistent with folate deficiency. Serum homocysteine
levels will also be elevated. It is still important to rule out
concurrent B12 deficiency, because the hematologic effects
may be masked by folate replacement, leaving the resultant
neurologic damage untreated.

Hyperproductive, normocytic anemias are caused by acute
blood loss or hemolysis. The most common form of ac-
quired immune hemolytic anemia is caused by warm (IgG)
antibodies that adhere to the red blood cell surface, with
subsequent destruction of the red cell by the spleen (ex-
travascular hemolysis). Antibody production may be idio-
pathic, or associated with systemic autoimmune disease,
lymphoproliferative disease, or medications (9). High-
dosage penicillin, cephalosporins, and hydralazine are
common offending agents. About 10% of patients with
acquired immune hemolytic anemia have coexistent im-
mune thrombocytopenia (Evans’ syndrome). Intravascular
hemolysis is seen with cold agglutinin disease, paroxysmal
nocturnal hemoglobinuria (a myelodysplastic syndrome),
and, rarely, toxins (e.g., snake venom, arsine). Cold agglu-
tinin disease is caused by IgM antibodies that adhere to the
red cell surface at temperatures lower than 37°C (e.g., in
the peripheral circulation or in cold weather). The red cells
are then susceptible to complement-induced lysis and
sequestration. Cold agglutinin disease may be idiopathic in
older patients or may be associated with lymphoprolifera-
tive or autoimmune diseases. Waldenstrom’s macroglobu-
linemia is a B-cell malignancy in which a monoclonal IgM
paraprotein is produced. Cold agglutinins also may be
found following Mycoplasma pneumoniae infection or infec-
tious mononucleosis. The hemolytic anemia associated
with infections is usually mild.

Infection of the red blood cell with malarial or other
parasites or direct action of a toxin (e.g., Clostridium spp.),
as well as sepsis with or without disseminated intravascular
coagulation (DIC), can cause acute hemolysis. Methe-
moglobinemia caused by medications or toxins causes
hemolysis because of oxidation and subsequent precipita-
tion of hemoglobin. Microangiopathic hemolytic anemias are
a heterogeneous group of disorders associated with throm-
bocytopenia, elevated LDH, schistocytes on the peripheral
blood smear, and variable neurologic and renal dysfunc-
tion (Chapter 98). The differential diagnosis includes
thrombotic thrombocytopenic purpura, hemolytic uremic
syndrome, malignant hypertension, microangiopathic
hemolytic anemias associated with pregnancy, DIC, vas-
culitis, and hemolysis caused by a mechanical valve. A
markedly elevated LDH in the absence of coagulopathy is
consistent with microangiopathic hemolytic anemia. Ur-
gent therapy with large-volume plasma exchange is indi-
cated to avoid serious and life-threatening complications.
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Inherited hemolytic anemia usually is caused by
hemoglobinopathies (e.g., thalassemia, sickle cell disease)
but also may result from defects in the red cell membrane
(e.g., hereditary spherocytosis, elliptocytosis), reduced ca-
pability of the red cell to adapt to oxidative stress (G6PD
deficiency), and abnormalities in the glycolytic pathway
(pyruvate kinase deficiency). Hereditary spherocytosis is an
autosomal dominant disease with variably severe extravas-
cular hemolytic anemia that is not uncommonly diagnosed
in adults. Patients usually have a lifelong history of anemia
and may have splenomegaly on physical examination.
G6PD deficiency is an X-linked recessive disorder seen in
10%–15% of African-American men (10). Women rarely
are affected. G6PD is an enzyme that is critical to the
production of reduced glutathione, which protects
hemoglobin from oxidation. In the common form of this
disease, older red cells lack adequate levels of G6PD and
are therefore unusually sensitive to oxidative stress from
drugs (see Table 89.5 for a list of common drugs causing
oxidative hemolysis) or infection. Patients may present
with jaundice and dark urine. Hemolysis is self-limited,
even if the offending agent is continued. After the older
G6PD-deficient red cells have been destroyed, the younger
cells with adequate levels of the enzyme are able to resist
the oxidative stress.

The evaluation of hyperproductive anemias begins with a
direct antiglobulin test (DAT) and review of the peripheral
smear. The indirect bilirubin and LDH are elevated with ac-
tive hemolysis. If the DAT is positive for IgG with or with-
out complement, acquired immune hemolytic anemia or
drug-induced hemolysis is likely; the smear shows sphero-
cytes. If the DAT is positive for complement and the smear
shows clumping of red cells, cold agglutinins should be
checked, as IgM is not identified by the DAT. If the DAT is
negative and the smear shows spherocytes, hereditary sphe-
rocytosis should be suspected. An osmotic fragility test can
establish this diagnosis. Intravascular hemolysis is associ-
ated with hemoglobinemia and filtration of hemoglobin
through the glomerulus. The hemoglobin is absorbed by
tubular cells and may be detected as hemosiderin in the
urine.

Blood cultures and review of the thick smear should be
performed if infection is suspected. A hemoglobin elec-
trophoresis may be useful to diagnose underlying
hemoglobinopathies. G6PD levels should not be measured
immediately during or after an acute hemolytic episode,
because the younger red blood cells that have survived the
hemolysis and reticulocytes may have a normal level of the
enzyme. Instead, levels should be measured about 3
months after the hemolytic event. Hemolytic anemia can
be present without elevation of the reticulocyte count in
the setting of coexistent nutritional deficiency, or if there is
suppression of erythropoiesis by an infiltrative process or
anemia of chronic disease.

Presenting During Hospitalization

Anemia presenting during hospitalization commonly is
caused by frequent drawing of blood or gastrointestinal
blood loss. AOCD may be exacerbated in ill, hospitalized
patients. Drugs given during hospitalization (e.g., im-
munosuppressive or chemotherapeutic agents, high-dose
antibiotics) may further suppress reticulocytosis. Hemoly-
sis may be caused by therapy with drugs such as high-
dosage penicillin or sulfonamides (with G6PD deficiency)
or worsening of an autoimmune disease. Severe hypophos-
phatemia (resulting from use of medications or nutritional
deficiency) is associated with hemolysis. Sepsis with DIC or
microangiopathic hemolytic anemia also may develop dur-
ing hospitalization. Mechanical hemolysis may be seen af-
ter cardiopulmonary bypass. The approach to diagnosing
and managing anemia acquired during hospitalization is
similar to anemia presenting on admission; a detailed re-
view of events and medications given during the hospital-
ization is required for complete evaluation.

Treatment of Selected Causes

Treatment of iron deficiency with oral iron (325 mg three
times daily) is usually adequate; gastrointestinal intoler-
ance is reduced with coated formulations and absorption
may be increased with concomitant vitamin C ingestion.
The hemoglobin should begin to rise within 1 week of be-
ginning therapy. Hemoglobin levels usually return to nor-
mal within 2 months after beginning replacement, but iron
should be continued for 3–6 months to replete iron stores.
Occasionally patients may not tolerate or cannot ade-
quately absorb oral iron; these patients may require treat-
ment with parenteral iron. The usual dose is 1.5 to 2.0 g.
The infusion takes 4–6 hours and rarely can be complicated
by severe hypersensitivity reactions. A test dose should be
given, and the infusion must be carefully monitored, with
medications for treating anaphylaxis available (Chapter
120).

AOCD is often mild and relatively asymptomatic; severe
and symptomatic anemia may be treated with red cell
transfusions or erythropoietin. Erythropoietin is given by
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TABLE 89.5
COMMON DRUGS THAT CAN CAUSE
OXIDATIVE HEMOLYSIS

Medications
Sulfonamide drugs
Sulfones
Pyridium
Nitrofurantoin
Quinidine
Primaquine
Phenylhydrazine

Other
Amyl nitrite
Moth balls (naphthalene)
Hydrogen peroxide
Fava beans
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subcutaneous injection three times a week; a larger dose
(40,000 units) once a week is equally effective and much
more convenient for the patient. A longer acting erythro-
poietin (darbopoietin) is now available and may be given
every two (200 micrograms) or three (300 micrograms)
weeks by subcutaneous injection. B12 deficiency has tradi-
tionally been treated with intramuscular B12 injections
(100 mg) given daily for 1 week, weekly for 1 month, then
monthly for life. An emerging and easier alternative is ini-
tial treatment with injections to treat acute symptoms, then
chronic replacement with oral B12 at a dose of 1000 micro-
grams per day (11). There are insufficient data to treat
severe neurologic symptoms with oral B12. Initial replace-
ment may be complicated by hypokalemia. B12 deficiency
associated with Helicobacter pylori infection may improve
with effective therapy for the infectious process. Folate de-
ficiency is treated with 1 mg/d of oral folic acid. Patients
with increased requirements for folate (as described previ-
ously) should receive regular supplementation with daily
folic acid. Replacement of B12 and folate should result in
reticulocytosis within 1 week and recovery of the
hemoglobin to normal levels within 2 months. If reticulo-
cytosis is not seen, either an alternative or coexistant diag-
nosis should be suspected and ruled out. In the absence of
known iron deficiency, this would require a bone-marrow
aspiration and biopsy. Transfusion generally is not indi-
cated and can result in high-output congestive heart failure
due to the increase in plasma volume associated with a
chronic reduction in red cells. Neurologic effects of B12

deficiency improve slowly and may not completely resolve.
Megaloblastic anemia associated with medications is usu-
ally mild (although the MCV may be dramatically ele-
vated), and does not require specific therapy.

All patients with hemolysis should receive folate sup-
plementation. Acquired immune hemolytic anemia is
treated with prednisone, 1–2 mg/kg. In cases in which a
rapid response is required for symptomatic severe anemia,
intravenous immunoglobulin (2 mg/kg) or plasmapheresis
to remove circulating antibodies can be effective. Transfu-
sions should be given cautiously because of difficulty with
cross-matching. Steroids are gradually tapered over 3
months, usually with recurrence or persistence of hemoly-
sis. If the anemia is well compensated, no additional ther-
apy is required. Most patients require splenectomy at some
time for persistent and poorly compensated hemolysis. Im-
munosuppressive or cytotoxic therapy is used for contin-
ued anemia. If hemolysis is caused by medications, the
offending agents should be discontinued if possible.
Hemolysis resulting from lymphoproliferative disease is
managed by treating the underlying malignancy; occasion-
ally splenectomy is also required. Idiopathic cold agglu-
tinin disease is treated by avoidance of cold temperatures
and immunosuppressive and often cytotoxic therapy.
Acute hemolysis may be treated with plasma exchange.

Hereditary hemolytic anemia caused by hereditary sphe-
rocytosis is treated with splenectomy. Although sphero-

cytes remain, hemolysis ceases, as does the risk of par-
vovirus B19 aplastic crisis. Patients with G6PD deficiency
do not generally require therapy in the acute setting other
than folate supplementation, but should be counseled
carefully regarding the risks of hemolysis from oxidative
stress caused by infection, ketoacidosis, or the medications
listed in Table 89.5.

Neutropenia

Presenting at the Time of Admission

Neutropenia is defined as an absolute neutrophil count less
than 1,500 per microliter. However, certain population
groups (e.g., African-Americans) and certain families may
normally have neutrophil counts between 1,200 and 1,500
per microliter. The risk of infection is related both to the de-
gree of neutropenia (higher if the absolute neutrophil
count is less than 500 per microliter and very high if the
count is less than 100 per microliter) and the functional
properties of the neutrophils. Neutropenia with concomi-
tant steroid use or associated with myelodysplastic syn-
dromes results in a significantly higher risk of infection. In
contrast, “benign” familial neutropenia is associated with a
very low risk of infection.

The differential diagnosis of neutropenia can be divided
into decreased production, peripheral destruction, splenic se-
questration, or a combination of these causes. Causes of neu-
tropenia include infections, medications, autoimmunity,
and congenital or cyclic neutropenia. Any agent capable of
causing aplastic anemia and pancytopenia also is capable
of causing isolated neutropenia. Viral infections may cause
neutropenia both by decreasing marrow production and by
causing peripheral destruction. Infections that have been
associated with neutropenia include varicella, measles,
rubella, hepatitis A, B, or C, cytomegalovirus, influenza,
and the Epstein-Barr virus. HIV infection causes neutrope-
nia by peripheral destruction with production of autoanti-
bodies; bone-marrow suppression and sequestration also
may contribute. Significant neutropenia can occur in the
setting of bacterial sepsis, resulting from a combination of
suppression of marrow production and destruction of pe-
ripheral cells. Chronic infection can cause modest neu-
tropenia.

Drug-induced neutropenia is one of the most common
causes of “benign” neutropenia (12). Chemotherapeutic
drugs (Chapter 90) cause direct marrow suppression;
other agents cause immune neutropenia both from pe-
ripheral destruction and from destruction of marrow pre-
cursors by antibodies. Most drugs suppress the marrow in
a dose-dependent manner. Common medications caus-
ing neutropenia include phenytoin, procainamide, antibi-
otics (sulfonamides, semisynthetic penicillins, and
cephalosporins), antithyroid agents (methimazole and
others), hypoglycemic agents (tolbutamide, chlor-
propamide), phenothiazines (chlorpromazine), and
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antiretrovirals. Prolonged use of drugs such as azathio-
prine to prevent organ rejection following transplantation
or to treat autoimmune disease can be associated with se-
vere neutropenia.

Autoimmune neutropenia (12) usually is associated with
underlying autoimmune disease but also may be idio-
pathic or caused by drugs or infections. Immune neutrope-
nia can be associated with immune hemolytic anemia or
immune thrombocytopenia. The severity of neutropenia is
variable, but the risk of infection may be extremely high in
severely neutropenic patients on chronic immunosuppres-
sion for autoimmune disease. Systemic lupus erythemato-
sus (Chapter 112) is the autoimmune disease most
frequently associated with neutropenia.

Patients with neutropenia may present with mouth ul-
cers, fever, and systemic infection. For a complete discus-
sion of infectious complications, see Chapter 63. Physical
examination may reveal signs of autoimmune disease such
as rheumatoid arthritis or splenomegaly. The evaluation of
neutropenia should begin with a review of the peripheral
smear. The presence of morphologic abnormalities in the
red cells or remaining white cells suggests a primary mar-
row process. A thorough medication history, including
over-the-counter preparations, should be obtained. Labo-
ratory studies should include viral serology for hepatitis
and HIV. A positive antinuclear antibody (ANA) may be
useful in establishing the diagnosis of immune neutrope-
nia and also may be found in HIV-associated neutropenia;
however, the test is neither sensitive nor specific. If a diag-
nosis such as viral infection or drug-mediated neutropenia
is not readily apparent or the neutropenia is severe or fails
to resolve, bone-marrow aspiration and biopsy should be
done. In most cases, the aspirate shows maturation arrest
with normal or increased cellularity.

Neutropenia resulting from medications should resolve
within 1–2 weeks of stopping the offending agent. If neu-
tropenia is mild and associated with a medication that is
not easily replaced, careful monitoring while continuing
the drug is possible. Treatment of neutropenia associated
with infection includes antibiotics and support of signifi-
cant neutropenia with myeloid growth factors (Chapters 63
and 90). Patients with asymptomatic, modest neutropenia
and without sites of tissue breakdown can be managed as
outpatients. Antibacterial mouthwashes decrease the risk of
infection.

Severe neutropenia, or neutropenia with recurrent or se-
rious infections associated with autoimmune disease, usu-
ally is treated with steroids and other cytotoxic therapy if
necessary. Treatment with intravenous gamma globulin
may improve the neutrophil count, but the effect is tran-
sient. Myeloid growth factors are usually effective, and pro-
longed use in severe neutropenia may allow reduction in
immunosuppression. Splenectomy is controversial and
should be reserved for patients with repeated bacterial in-
fections or refractory neutropenia. Although the neutrophil
count often responds, the effect may be transient and there

may be a subsequent increased risk of infection. Neutrope-
nia associated with absent white cell progenitors is treated
with antithymocyte globulin and cyclosporine.

Presenting During Hospitalization

Neutropenia presenting during hospitalization is likely
caused by medications or severe infection. Any possible of-
fending agent should be stopped and the possibility of in-
fection should be investigated. Patients should be followed
until the neutropenia resolves. Persistent neutropenia re-
quires a more extensive evaluation, as outlined previously.

Leukocytosis

Presenting at the Time of Admission

An elevation in the white cell count may be caused by in-
creased total neutrophils, lymphocytes, monocytes, or
rarely eosinophils. Immature myeloid or lymphoid cells
can cause leukocytosis in the setting of acute leukemia. By
far the most common cause of leukocytosis is neutrophilia
(13). Leukocytosis with neutrophilia is a common present-
ing abnormal laboratory value on admission to the hospi-
tal. The major differential is between primary and
secondary causes (e.g., leukemoid reaction) (Table 89.6). A
markedly elevated white blood cell count (�70,000/�L) is
rarely associated with benign disease. Splenomegaly may
be a sign of leukocytosis due to a defined systemic disorder
such as a myeloproliferative disease. Chronic leukocytosis
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Primary neutrophilia
Myeloproliferative disease

Chronic myelogenous
leukemia

Myelofibrosis
Polycythemia vera
Essential

thrombocythemia
Benign neutrophilia

Down syndrome
Familial or idiopathic

Secondary (reactive)
neutrophilia

Infection
Acute
Chronic

Stress
Exercise, catecholamines
Postictal state
Chronic inflammation
Tissue damage

Paraneoplastic:
Nonhematopoietic

malignancy
Drug-induced

Steroids
Lithium
�-agonists
Myeloid growth factors

Chronic marrow stimulation
Hemolytic anemia
Immune

thrombocytopenia
Recovery from marrow

suppression
Asplenia or hyposplenia

TABLE 89.6
DIFFERENTIAL DIAGNOSIS OF LEUKOCYTOSIS
WITH NEUTROPHILIA
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rarely can occur in patients who are otherwise well.
Lymphocytosis may be reactive in the setting of pertussis,

viral infection, or a lymphoproliferative disorder such as
chronic lymphocytic leukemia, hairy-cell leukemia, or
leukemic phase of lymphoma. Viral infections usually are
evident from fever, sore throat, and other symptoms. A di-
agnosis of chronic lymphocytic leukemia requires a sus-
tained peripheral lymphocytosis of more than 5,000 per
microliter. Lymphadenopathy and splenomegaly are com-
mon physical findings. Monocytosis may be reactive in the
setting of chronic infections (e.g., tuberculosis, endocardi-
tis), autoimmune disease, carcinomas or lymphomas, or
postsplenectomy. Recovery from marrow injury or chronic
neutropenia also may be associated with monocytosis. Ma-
lignant monocytosis is seen in chronic myelomonocytic
leukemia and myelodysplastic syndromes.

The most common causes of eosinophilia are atopic dis-
orders and helminthic infections. Other causes are autoim-
mune disorders, drug reactions, and paraneoplastic causes
(most commonly, Hodgkin’s disease). Eosinophilia caused
by drugs is rarely symptomatic and usually resolves with
withdrawal of the offending agent, although tissue damage
can occur (e.g., hypersensitivity pneumonitis). One no-
table exception is the chronic eosinophilia–myalgia syndrome
seen following the ingestion of contaminated tryptophan.
Primary eosinophilic disorders include idiopathic hypere-
osinophilic syndrome, Churg–Strauss syndrome with
vasculitis (Chapter 111), and diseases associated with infil-
tration of specific organs such as eosinophilic pneumonitis
(Chapter 57).

Evaluation of leukocytosis should begin with a careful
review of the peripheral blood smear. Leukemoid reactions
and myeloproliferative disease (2) may be indistinguish-
able on the blood smear and are characterized by a “left”
shift in the neutrophils with increased bands, as well as
metamyelocytes, myelocytes, promyelocytes, and rare
blasts. In the setting of infection or stress, neutrophils may
show toxic granulations, cytoplasmic vacuoles, and
Döhle’s bodies. Hypogranular and increased basophils,
and occasionally eosinophils, are found in myeloprolifera-
tive disease and may be the first clue to the diagnosis. The
leukocyte alkaline phosphatase score may be useful in dis-
tinguishing a leukemoid reaction from chronic myeloge-
nous leukemia. This score is high in secondary leukocytosis
and low in chronic myelogenous leukemia. In contrast,
blast cells and neutrophils on the peripheral smear
(“leukemic hiatus”) are characteristic of acute leukemia.
Variably sized mature lymphocytes with “smudge” cells
(crushed lymphocytes) are suggestive of chronic lympho-
cytic leukemia. Lymphocytes with an atypical appearance
and hairy-like projections may be seen in some but not all
cases of hairy-cell leukemia. The monocytes and neu-
trophils in chronic myelomonocytic leukemia are dysplas-
tic; rare blasts also may be seen. If a myeloproliferative
disease or leukemia is suspected, a bone-marrow aspirate
and biopsy with cytogenetics, special stains, and flow cy-

tometry should be obtained. In an older or ill patient, or
one in whom the bone marrow is inaspirable, peripheral
blood may be sent for chromosome and DNA analysis, spe-
cial stains, and flow cytometry.

A patient with eosinophilia should be asked about travel
history, animal exposure, and personal or family history of
atopy, eczema, or asthma, as well as for a detailed medica-
tion history. Serial stool samples should be examined for
ova and parasites. The detection of Strongyloides stercoralis
may be difficult and can require serologic testing. Review of
the peripheral blood smear may show dysplastic features
suggestive of a primary hematologic disorder.

The goal in secondary leukocytosis is to treat the under-
lying disorder. There are no untoward effects of benign
leukocytosis; no specific therapy is required. However,
leukocytosis that does not resolve following treatment of
infection or resolution of stress should be investigated
thoroughly, as it may represent early chronic myelogenous
leukemia. Unlike the leukocytosis with acute leukemia,
marked elevations of the white blood count caused by dif-
ferentiated cells in chronic myelogenous leukemia are not
usually dangerous. The treatment of leukocytosis resulting
from myeloproliferative disease and leukemias is covered
in Chapters 93 and 95.

Presenting During Hospitalization

Leukocytosis of any sort occurring during hospitalization is
usually caused by infection or a reaction to medications.
Leukocytosis may be the first sign of infection, especially in
an immunocompromised patient. For further discussion,
see Chapters 62 and 63.

Pancytopenia

Presenting at the Time of Admission

Pancytopenia is defined as a reduction in all three blood cell
lines. The differential diagnosis is broad and includes toxin
or immune suppression of marrow precursors, infiltration
of the marrow, and splenic sequestration. Aplastic anemia is
characterized by a hypocellular bone marrow with normal
cytogenetics. The most common cause is thought to be au-
toimmune suppression of hematopoiesis by a T-cell-
mediated mechanism. Aplastic anemia also may be caused
by direct stem-cell injury from drugs, including phenytoin,
sulfonamides, carbamazepine, tolbutamide, gold salts, and
chloramphenicol, and from toxins including benzene,
toluene, and some insecticides. Pancytopenia with an
aplastic marrow has been seen following pregnancy and in-
fection with hepatitis B or C. Treatment with chemotherapy
or radiation therapy (especially to the pelvis) may result in
aplasia. Autoimmune pancytopenia may be seen with sys-
temic lupus; the marrow is cellular often without apprecia-
ble abnormalities. Nutritional deficiency in B12 or folate
can result in marked pancytopenia.
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Infiltration of the marrow may present as pancytopenia.
Primary bone-marrow disorders include hairy-cell leukemia,
myelodyplasia, myelofibrosis, and acute leukemia. Dissemi-
nated infections resulting from tuberculosis, brucellosis,
leishmaniasis, and HIV can result in pancytopenia. Modest
panycytopenia, caused by sequestration, is a frequent find-
ing in patients with significant splenomegaly.

The symptoms of patients with pancytopenia usually
result from the decrease in cell counts, with stomatitis and
fever related to neutropenia, fatigue and dyspnea from
anemia, and bleeding from thrombocytopenia. Fever also
may be a sign of malignancy or infection. The evaluation
of panycytopenia almost always includes bone-marrow
aspiration and biopsy after a drug and toxin history, care-
ful physical examination, and review of the peripheral
smear.

Treatment of aplastic anemia depends on the underlying
cause. Aplastic anemia caused by medications may resolve
with cessation of the offending agent. “Idiopathic,” or au-
toimmune, aplastic anemia may respond to immunosup-
pressive therapy with antithymocyte globulin and cy-
closporine. Allogeneic bone-marrow transplantation
(Chapter 96) is the only curative treatment for severe aplas-
tic anemia or aplasia resulting from direct stem-cell injury
by toxins. Androgen therapy has been used for refractory
aplastic anemia in patients who are not candidates
for bone-marrow transplantation with some response.
Pancytopenia caused by deficiency of B12 or folate re-
sponds rapidly to replacement with recovery of counts
within 7–14 days.

Presenting During Hospitalization

Like neutropenia, pancytopenia presenting during hospi-
talization is almost always caused by drug toxicity or infec-
tion. Treatment includes cessation of the offending drug,
and transfusion and antibiotics as needed.

KEY POINTS

■ Careful evaluation of the peripheral blood smear is es-
sential for the evaluation of abnormal blood counts.

■ Splenomegaly and lymphadenopathy are usually signs of
underlying systemic illness and always require evaluation.

■ Medications are a common cause of blood-count abnor-
malities in hospitalized patients.

■ Nutritional deficiencies should be carefully screened for,
particulary in elderly patients.

■ Anemia may be classified by the size of the red blood
cell, the reticulocyte count, and review of the peripheral
blood smear.

■ Leukocytosis is usually due to neutrophilia; the differen-
tial diagnosis is primarily between a reactive process and
myeloproliferative disease.
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Principles of 

Chemotherapy
Robert J. Ignoffo

INTRODUCTION

History of Chemotherapy

Dr. Paul Erlich coined the term chemotherapy in the early
1900s as a result of his work in developing new antibiotics
for use against parasitic organisms. However, it was not
until 1945 when the alkylating agents were discovered
and used successfully in the treatment of lymphomas
and Hodgkin’s disease. During the same era, Huggins and
Hodges determined that androgens promoted the growth
of prostate cancer cells and subsequently tested the concept
of androgen deprivation, showing that castration and es-
trogens were effective in the treatment of prostate cancer.
Today the term chemotherapy is used for both cytotoxic
and hormonal therapy.

After the initial success of cytotoxic chemotherapy,
other alkylating agents were developed, including
cyclophosphamide, which was claimed to have a selective
effect on tumor cells. Although toxicities were observed
on normal cells, cyclophosphamide therapy became a
mainstay in the treatment of many malignancies. Soon
thereafter, antimetabolites (i.e., methotrexate and
fluorouracil) were discovered to have anticancer activity.
Preclinical studies demonstrated that combinations of
multiple agents could produce synergistic activity when
given in the appropriate schedule. In the late 1970s it was
shown that chemotherapy was effective in early stages of
responsive cancers, probably because of increased tumor
sensitivity in the setting of small tumor size or fewer
numbers of cancer cells. In the 1980s, the advent of
platinum therapy heralded advances in the treatment of

genitourinary and gynecologic tumors. This was followed
in the 1990s by the maturing of important studies of
adjuvant chemotherapy showing an improved survival
for breast and colorectal cancer, and the emergence
of the effective new drugs to prevent chemotherapy
toxicities. These supportive care drugs included mesna
to prevent ifosfamide uropathy, hematopoietic growth
factors (G-CSF, GM-CSF, erythopoietin, and oprelvekin)
to minimize myelosuppression, 5-HT3 antagonists
(ondansetron, granisetron, and dolasetron) to prevent
acute chemotherapy-induced nausea and vomiting,
dexrazoxane to prevent anthracycline-induced car-
diomyopathy, and amifostine to prevent cisplatin-
induced nephrotoxicity and neurotoxicity. These
supportive therapies could possibly enhance patient
compliance and allow for improved dose intensity of
chemotherapy. The burgeoning biotechnology revolution
holds the promise of more selective therapies, some
of which are already finding their way into clinical
practice (1).

Current Strategies in the Use of
Chemotherapy and Biologic Therapy

Chemotherapy may be used in a variety of ways to
treat cancer: as induction chemotherapy for advanced
disease; as adjuvant chemotherapy after initial surgical
debulking of localized cancer; as neoadjuvant chemother-
apy for large cancers given prior to primary surgery; and as
site-directed chemotherapy via installation into sanctuaries
(intrathecal or peritoneal) or regional perfusion of tumors
(e.g. intra-arterial).

90
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Induction chemotherapy is most often used in the treat-
ment of hematologic malignancies such as acute leukemias
or lymphoma, with the goal of producing a complete or
partial remission. High-dose chemotherapy is usually given
in the hospital setting and often requires bone marrow
rescue either with bone marrow or peripheral stem cells
(Chapter 96). Patients undergoing high-dose chemother-
apy often develop severe bone marrow suppression. The re-
sulting grade 4 neutropenia usually requires empiric an-
tibiotic therapy with broad-spectrum agents.

Other strategies include adjuvant and neoadjuvant
chemotherapy. The rationale of adjuvant chemotherapy is to
eliminate small numbers of remaining cancer cells that
may be present systemically after primary surgery or radi-
ation therapy. Adjuvant chemotherapy uses drugs that are
very active in an advanced stage of the same cancer.
Neoadjuvant chemotherapy is systemic chemotherapy that is
used for localized cancers that may not be surgically re-
sectable initially. This therapy may completely eradicate
the localized tumor or result in shrinkage of the tumor
such that it becomes surgically resectable. This strategy
also has the advantage of providing information on the
tumor’s sensitivity to postsurgical chemotherapy. Regional
therapies are used to improve the therapeutic advantage
of a cytotoxic drug by increasing intratumor drug concen-
tration while minimizing systemic exposure of the drug.
Examples of regional chemotherapy are intra-arterial per-
fusion, intraperitoneal (belly-bath) instillation, and in-
trathecal injection.

CLINICAL OUTCOMES IN EVALUATING
THE RESPONSE FROM CHEMOTHERAPY

In its early years of development, chemotherapy was not
expected to cure patients but rather to shrink tumors and
provide palliation. Responses to chemotherapy were of
short duration, and relapse was common and heralded the
development of drug resistance. With the discovery of new
drugs and combinations, however, a higher rate of tumor
response and even cure became an increasing reality. Un-
fortunately, these advances affected a relatively small per-
centage of the total population of cancer patients, with
about 90% of the cures being observed in only 10% of the
known cancers.

Goals of Therapy

The goals of therapy are often determined on a case-by-
case basis and should involve both the physician and pa-
tient. The most desirable response, of course, is cure. Cure
comes when a therapy leads to total eradication of the
cancer and allows the patient to live a normal life span.
Similarly, complete remission is total eradication of measur-
able cancer or normalization of a tumor marker; it must

be obtained before cure can be achieved. The best way to
monitor the quality of a complete remission is by assess-
ing the duration of the disease-free survival. For acute
leukemia, complete remission involves normalization of a
patient’s bone marrow and at least a 2-year disease-free
survival.

Partial remission is the next most desirable outcome. It is
defined as a decrease of measurable cancer by at least 50%
of its original volume. Partial remissions are meaningful to
patients if they result in either a prolonged survival or pal-
liation of symptoms. Furthermore, partial responses may
also be useful in determining the effectiveness of a new
drug or new drug regimen. Outcomes such as median du-
ration of remission and median overall survival are used for
comparing the efficacy of new therapies. Improved quality
of life and palliation of symptoms are considered as im-
portant, if not more so, as partial remission, especially in
patients with advanced incurable cancer. The achievement
of stable disease can be beneficial to a patient who has
rapidly progressive cancer with worsening symptoms. Pro-
gressive disease is defined as the development of any new
cancer lesion or an increase of cancer volume by 25% or
more, and it may or may not be associated with worsening
symptoms.

Some patients without measurable tumors may have a
tumor marker that can be used as an indicator of response
or recurrence of systemic cancer. Examples include testic-
ular cancer or gestational trophoblastic tumor, both of
which can be monitored with a serum test for the �-
subunit of human chorionic gonadotropin (�-HCG). Sim-
ilarly, the tumor marker CA-125 can be used to assess the
response of ovarian cancer to treatment. As with a partial
remission, a 50% decrease in a tumor marker usually cor-
responds to tumor response, while an increase indicates
tumor progression.

In the setting of minimal residual disease, as in patients
who have had initial debulking surgery, complete response
is not a relevant clinical outcome because the primary tu-
mor has been totally removed. Other response indicators
must be used, such as freedom from recurrence or relapse-
free survival. These indicators report the amount of time
elapsed for the regrowth of tumor cells to a clinically de-
tectable level of cancer.

Table 90.1 lists the response rate for several cancers over
time. The improved cure rate for cancers such as acute
leukemia, Hodgkin’s disease, testicular carcinoma, and
choriocarcinoma is primarily caused by the use of combina-
tion chemotherapy. Recent advances have also been ob-
served with multimodal therapy, using surgery, radiation
therapy, hormonal therapy, and adjuvant chemotherapy, for
breast and colorectal cancer. Improvements in response and
long-term survival have also been realized for previously
highly resistant solid tumors such as malignant melanoma
and ovarian carcinoma. Table 90.2 lists several of these can-
cers and regimens associated with improved response.
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PRINCIPLES OF SUCCESSFUL
CHEMOTHERAPY

Several principles of chemotherapy have been associated
with a positive outcome in cancer patients. These principles
include the following:

1. Use combinations of chemotherapeutic drugs. With a few
exceptions, combinations of drugs with synergistic
activity produce higher response rates and more
cures than monotherapy. Combinations with different
mechanisms of action usually offer the best chance
for optimal response and also delay the onset of drug
resistance.

2. Use combinations of chemotherapy drugs with nonoverlap-
ping toxicities. Most chemotherapeutic drugs affect
rapidly dividing normal cell populations such as bone
marrow, hair follicles, gonadal tissue, and mucosa.
Thus, myelosuppression, sterility, alopecia, and mu-
cositis are common side effects. The agents also pro-
duce a wide variety of other organ system toxicities.
Thus, combination regimens are often developed that
allow the maximally tolerated doses of each drug in
the regimen.

3. Use an optimal dose intensity or dose density of chemother-
apy. The effectiveness of a drug combination often
depends on both the dose and the dose schedule
prescribed. For example, the effectiveness of the combi-
nation of cyclophosphamide, methotrexate, and fluo-
rouracil in breast cancer is optimal when the dose
intensity is at least 75% of the ideal dosage. Recently,

the use of combination fluorouracil, epirubicin, and
cyclophosphamide given in a dose-dense fashion (e.g.
every 2 weeks) was shown to decrease the recurrence
rate in patients with high-risk breast cancer.

4. Use supportive care drugs and therapies to prevent or mini-
mize grade III or IV chemotherapy-induced toxicity. Sup-
portive care drugs and therapies, including hematopoie-
tic growth factors, antiemetics, cytoprotectants (mesna,
dexrazoxane, amifostine, and mannitol), pre- and
postchemotherapy hydration, and antidotes (leucov-
orin), can be used prophylactically for chemotherapy
regimens that commonly cause significant toxicity. Such
therapies improve a patient’s quality of life and enhance
patients’ abilities to tolerate chemotherapy.

5. Use strategies to overcome drug resistance. Some tumor cells
contain cell-membrane proteins that act as gatekeepers,
denying entry of toxic substances into the cell as well
as pumping substances through the cell membrane to
the outside. This pump is referred to as P-glycoprotein or
P-gp. It is found in several body sites, including the
blood-brain barrier, the intestinal mucosa, the liver, and
the kidney. P-gp is one of the mechanisms of tumor re-
sistance and can be induced by some drugs. Another
pump is the multidrug resistance gene (MDR-1), which
is present in many normal tissues and also serves as a
protective mechanism against toxic substances. Attempts
to overcome tumor resistance has been the subject of re-
cent intense research. One strategy has been the use of
very high doses of chemotherapy with bone marrow res-
cue. This approach results in high concentrations of
cytotoxic drugs and is often used in cases of tumor re-
lapse. Unfortunately, the toxicities of high-dose therapy
are substantial. More selective methods have been inves-
tigated recently and include developing drugs that block
either the P-gp protein or MDR-1.

Chapter 90: Principles of Chemotherapy 899

TABLE 90.1
CURABLE OR HIGHLY RESPONSIVE CANCERS
AND COMMONLY USED CHEMOTHERAPY

Cancer Chemotherapy regimen

Acute myelogenous Daunorubicin � cytarabine; 
leukemia Idarubicin � cytarabine

Acute lymphoblastic Vincristine � prednisone �
leukemia thioguanine

Hodgkin’s disease (stage III Adriamycin � bleomycin �
or IV) vinblastine � dacarbazine;

Mechlorethamine � vincristine 
� procarbazine � prednisone

Non-Hodgkin’s lymphoma Cyclophosphamide �
(high-grade) hydroxydaunorubicin 

(doxorubicin) � vincristine �
prednisone

Neuroblastoma Cyclophosphamide �
doxorubicin � vincristine

Testicular carcinoma Bleomycin � etoposide �
(nonseminoma) cisplatin

TABLE 90.2
CANCERS DEMONSTRATING IMPROVED
RESPONSE TO CHEMOTHERAPY

Cancer Chemotherapy

Colorectal cancer Leucovorin � fluorouracil �
irinotecan; 

Leucovorin � fluorouracil �
oxaliplatin

Melanoma Cisplatin � vinblastine �
dacarbazine (or temozo-
lamide) � �-interferon �
interleukin 2

Soft-tissue sarcoma High-dose ifosfamide
Ovarian cancer (stage III/IV) Paclitaxel � cisplatin;

Paclitaxel � carboplatin
Non-small cell lung cancer Cisplatin or carboplatin �

paclitaxel
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PHARMACOLOGY OF
ANTINEOPLASTICS AND 
BIOLOGIC DRUGS

Pharmacokinetics and Pharmacodynamics

Pharmacokinetic and pharmacodynamic studies are being
increasingly utilized in oncology to characterize the ab-
sorption, distribution, metabolism, and excretion of
chemotherapy drugs. Pharmacokinetic data provide clini-
cians with the means to design more effective administra-
tion schedules and dosage regimens. The most important
pharmacokinetic parameters are the amount of free drug
available for effect, the active metabolites, the routes of
elimination, and the half-life. Metabolism is probably the
most complex aspect of pharmacokinetics. Cytochrome
P450 enzymes in the liver, especially the CYP3A4 isoen-
zymes, are involved in the metabolism of several cytotoxic
drugs. Clinicians should be aware that many cancer pa-
tients take alternative medications (such as St John’s Wort)
that may alter the metabolism of chemotherapy drugs,  par-
ticularly the taxanes. Drug interactions, along with the large
variations in hepatic enzyme activity, are probably respon-
sible for widely variable toxicities of and responses to
chemotherapy. A complete description of these interac-
tions is beyond the scope of this chapter.

The amount of free drug is inversely related to the degree
of protein binding. Unfortunately, for most chemothera-
peutic drugs, the degree of protein binding varies widely
among patients. Thus, dosing the drug on the basis of body
weight or body surface area may not correlate closely to
drug clearance. Nevertheless, relative dosing using weight
or body surface area remains the most common method of
dosing chemotherapy.

Some chemotherapeutic drugs must be activated by hep-
atic enzymes. For example, cyclophosphamide is activated
by hepatic CYP3A4 to two active metabolites. Patients may
vary in their ability to activate the drug, which can result in
fluctuating levels of active metabolites and variable re-
sponses to the treatment. Improving hepatic metabolism
of cyclophosphamide can be accomplished with inducing
drugs such as cimetidine or phenobarbital. In some cases,
the ratio of metabolites in the body may explain a particu-
lar toxicity. For example, a high level of the metabolite of
irinotecan (SN-38) is associated with a high incidence of
severe diarrhea. Some patients with enhanced metabolism
are at greater risk for severe diarrhea. Pharmacokinetic
assessment may identify such patients.

The major routes of elimination for some chemothera-
peutic drugs are the kidney and liver. Diminished liver or
kidney function may lead to decreased drug clearance. The
dose of chemotherapy should be reduced to account for the
decreased clearance to minimize excessive organ-system
toxicity. Patients with decreased drug clearance will have a
prolonged drug half-life. Drugs that are affected by altered
renal or hepatic clearance are listed in Table 90.3.

Side Effects of Chemotherapy

Table 90.4 lists side effects associated with chemotherapy
drugs that are commonly used in the hospital setting.

CARE OF THE HOSPITALIZED PATIENT

Indications for Admission of the 
Oncology Patient

With the advent of better supportive care therapies and
skilled oncology nurses, most chemotherapy is currently
administered in the outpatient setting. However, many
cancer patients are still admitted to the hospital for high-
dose chemotherapy or complicated chemotherapy regi-
mens. Other reasons for admission include the treatment
of complications caused by chemotherapy, oncologic
emergencies (Chapter 92), or pain control (Chapter 18).

Prescribing of Cancer Chemotherapy

Erroneous chemotherapy orders may have disastrous con-
sequences. In one review, the most frequently observed
errors were caused by poor handwriting or prescribing prac-
tices that lead to misinterpretation of the chemotherapy or-
der by nurses and pharmacists (2). Computerized order sets
and/or preprinted standardized chemotherapy order forms
are recommended both for regimens that are used com-
monly in practice as well as for clinical studies (see also
Chapter 21). The advantage of preprinted, standardized
chemotherapy order forms are that they prompt the pre-
scriber to enter the information necessary for all health care
personnel to double check the order for accuracy. At the very
least, to ensure that orders are written with utmost clarity,
clinicians should follow order-writing guidelines that have
been established by a collaborative practice committee at
their institution or adopt guidelines of other institutions or
organizations. The guidelines used at UCSF Medical Center
are shown in Table 90.5. The use of computer software
programs that compare the chemotherapy dose to existing
protocols for the institution may further improve the
chemotherapy ordering process. These software programs
are in the early stages of development (Chapter 10).

Administration of Cancer Chemotherapy

Several classes of chemotherapy may be administered in
the hospital setting. Some of the more commonly pre-
scribed drugs include cytarabine, daunorubicin, cyclophos-
phamide, ifosfamide plus mesna uroprotection, high-dose
methotrexate with leucovorin rescue, carboplatin, and
cisplatin. Other agents include busulfan, etoposide, fluo-
rouracil, paclitaxel, thiotepa, idarubicin, and doxorubicin.
Continuous infusions are also monitored in the hospital
setting, especially vesicant drugs such as daunorubicin,
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doxorubicin, vincristine, and vinblastine. When adminis-
tered as a long infusion, these drugs should be given via a
central venous access line to minimize the risk of local skin
reactions. In addition to intravenous, other routes of ad-
ministration include intraperitoneal (IP), intrapleural
(IPl), intrathecal (IT), and intravesicle (bladder). These

routes require special knowledge and clinician expertise for
proper administration. Drugs given by the intraperitoneal
route include cisplatin, carboplatin, etoposide, fluo-
rouracil, and bleomycin. Drugs given by the intrathecal
route include cytarabine, methotrexate, and thiotepa. BCG
and mitomycin are frequently given by bladder instillation.
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TABLE 90.3
CONDITIONS ALTERING THE CLEARANCE OF SELECTED
CHEMOTHERAPEUTIC DRUGS

Drug Condition Percentage of full dose

Bleomycin Renal impairment: CrCl � 35 ml/min 100
CrCl 10–50 ml/min 50
CrCl � 10 ml/min 40

Carboplatin Renal impairment Dose (mg) � AUC � (CrCl � 25)a

Carmustine Renal impairment CrCl: �10 ml/min 25–50
Cisplatin Renal impairment CrCl: �50 ml/min 0
Cyclophosphamide Renal impairment CrCl: �10 ml/min 50
Cytarabine Renal impairment CrCl: 10–50 ml/min 50

CrCl �10 ml/min 25
Daunorubicin Hepatic dysfunction

Bili 1.2–3.0 mg/dL 75
Bili �3.0 mg/dL 50

Doxorubicin Hepatic dysfunction
Bili 1.2–3.0 mg/dL 50
Bili �3.0 mg/dL 25

Epirubicin Hepatic dysfunction
Bili 1.2–3.0 mg/dL 50
Bili �3.0 mg/dL 25

Etoposide Hepatic dysfunction
Bili 1.2–3.0 mg/dL 50
Bili �3.0 mg/dL 0

Fluorouracil Hepatic dysfunction
Bili 1.2–3.0 mg/dL 100
Bili �3.0 mg/dL 50

Idarubicin Hepatic dysfunction
Bili 2.5–5.0 mg/dL 50
Bili �5.0 mg/dL 0

Ifosfamide Renal impairment: CrCl 10–50 ml/min 75
CrCl �10 ml/min 50

Lomustine Renal impairment: CrCl 10 ml/min 25–50
Methotrexate Renal impairment: CrCl 10–50 ml/min 25–50

CrCl �10 ml/min 0
Mitoxantrone Hepatic dysfunction

Bili 1.5–3.0 mg/dL 50
Bili �3.0 mg/dL 25

Plicamycin Renal impairment: CrCl 10–50 ml/min 50–75
CrCl �10 ml/min 0

Streptozocin Renal impairment: CrCl 10–50 ml/min 100
CrCl �10 ml/min 25–50

Vinblastine Hepatic dysfunction
Bili 1.2–3.0 mg/dL 50
Bili �3.0 mg/dL 25

Vincristine Hepatic dysfunction
Bili 1.2–3.0 mg/dL 50
Bili �3.0 mg/dL 25

Vinorelbine Hepatic dysfunction
Bili 1.2–3.0 mg/dL 50
Bili �3.0 mg/dL 25

a This is the “Calvert formula.”
AUC, area under the curve, in mg/mL � minutes; bili, total bilirubin; CrCl, creatinine clearance. 
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TABLE 90.4
SIDE EFFECTS OF CHEMOTHERAPY DRUGS COMMONLY USED IN THE HOSPITAL SETTING

Drug Adverse effects

Asparaginase

Bleomycin
Busulfan

Carboplatin (Paraplatin)
Carmustine

Cisplatin (Platinol)

Cyclophosphamide

Cytarabine (Ara-C)

Dacarbazine (DTIC)

Daunorubicin HCl (Cerubidine)

Doxorubicin HCl (Adriamycin)

Etoposide (VP-16)

Fluorouracil

Idarubicin

Ifosfamide/Mesna (IFEX/MESNEX)

Interferon alfa (Intron, Roferon)

Melphalan
Methotrexate

Mitoxantrone (Novantrone)

Octreotide (Sandostatin)
Paclitaxel (Taxol)

Streptozocin

CHF, congestive heart failure; CNS, central nervous system; SIADH, syndrome of inappropriate antidiuretic hormone.

Hypersensitivity, anaphylaxis, hepatic aminotransferase and alkaline phosphatase elevation,
increased serum bilirubin, decreased clotting factor synthesis leading to elevated prothrombin time
and bleeding, rare disseminated intravascular coagulation, CNS (lethargy and somnolence),
pancreatitis

Anaphylaxis, rash, pulmonary fibrosis (doses � 200 Units/m2)
Myelosuppression, nausea, vomiting, hyperpigmentation, seizures after high doses 

(4 mg/kg/day), alopecia
Myelosuppression, acute nausea and vomiting, peripheral neuropathy
Myelosuppression, acute nausea and vomiting, delayed pulmonary toxicity, encephalopathy and

seizures, vasculitis along the vein used for drug injection
Myelosuppression, acute emesis, delayed emesis (days 2–5), peripheral neuropathy, acute renal

failure, chronic renal failure, hypomagnesemia, hypokalemia, fatigue and weakness, high-frequency
hearing loss, hypersensitivity reactions, alopecia

Myelosuppression, acute emesis, delayed emesis, cystitis, SIADH within 48 hours, cardiomyopathy
after high-dose therapy, alopecia

Myelosuppression, mucositis, stomatitis, CNS (lethargy, confusion, ataxia, seizures), conjunctivitis
after high-dose therapy, nausea and vomiting

Myelosuppression, acute emesis, acute nausea, flulike syndrome (fever and chills), hypotension after
rapid infusion, hepatic aminotransferase elevations, hypersensitivity reactions

Myelosuppression, acute emesis, delayed emesis, fever, alopecia, cardiomyopathy (dose related),
acute arrhythmias, mucositis, diarrhea, hyperpigmentation of nails, nail ridging, hepatic
aminotransferase elevation, orange urinary coloration, local skin necrosis upon extravasation

Myelosuppression, acute emesis, delayed emesis, fever, alopecia, cardiomyopathy (dose related),
acute arrhythmias, mucositis, diarrhea, hyperpigmentation of nails, nail ridging, hepatic
aminotransferase elevation, orange urinary coloration, local skin necrosis upon extravasation

Myelosuppression, acute emesis, hypotension during IV administration, alopecia, hypersensitivity
reactions, CNS (lethargy, sedation) after high doses, metabolic acidosis after high doses

Myelosuppression, mucositis, stomatitis, diarrhea, ataxia, venous hyperpigmentation, dacrocystitis
(tear duct inflammation and blockage), alopecia, nail changes

Myelosuppression, acute emesis, delayed emesis, fever, alopecia, cardiomyopathy (dose related),
acute arrhythmias, mucositis, diarrhea, hyperpigmentation of nails, nail ridging, hepatic
aminotransferase elevation, orange urinary coloration, local skin necrosis upon extravasation

Myelosuppression, acute emesis, delayed emesis, cystitis, SIADH within 48 hours, cardiomyopathy
after high-dose therapy, alopecia, CNS (lethargy, confusion, ataxia, seizures), hepatic
aminotransferases and alkaline phosphatase, rare nephrotoxicity

Myelosuppression, weakness, fever, chills, malaise, myalgia, anorexia, somnolence, depression,
tremor, seizures

Myelosuppression, acute emesis, hypotension, alopecia, pulmonary fibrosis, hypersensitivity
Myelosuppression, mucositis, stomatitis, hepatic aminotransferase elevation, moderate acute emesis

after high doses, acute renal failure after very high doses in patients with inadequate prehydration
and urinary alkalinization, rare acute pneumonitis

Myelosuppression, cardiomyopathy, CHF, mild nausea and vomiting, blue-green urinary
discoloration, alopecia

Mild nausea, abdominal pain, local skin reactions at injection site
Myelosuppression, mild acute emesis, peripheral neuropathy, hypersensitivity reactions, rare

bradycardia and hypotension, alopecia, local skin reactions upon extravasation but not necrosis
Myelosuppression, renal dysfunction, acute emesis, hyperglycemia, hepatic aminotransferase

elevation, venous irritation during IV administration
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Each of these drugs is absorbed systemically and may pro-
duce systemic side effects, especially myelosuppression.

It is desirable that patients receive their chemotherapy
within a few hours of being admitted to the hospital. In or-
der to enhance efficiency, clinicians should try to obtain all
the preliminary data (e.g., labs, radiographs) the day before
the patient is admitted. Hydration and premedications
should be given promptly on the patient’s arrival and soon
followed by the first dose of chemotherapy. Patients receiv-
ing chemotherapy do not necessarily require daily labora-
tory tests. Exceptions are drugs specified on protocol or
certain antineoplastics (cisplatin, ifosfamide, methotrex-
ate, cytarabine, and aldesleukin), which can produce rapid
changes in electrolytes or renal function or require pro-
longed postchemotherapy assessment.

High-Dose Chemotherapy

Recent advances in the role of supportive care and bone
marrow rescue have allowed for dose intensification of
chemotherapy for both hematologic and solid tumors.
High-dose therapy is often given in the hospital setting be-
cause of the high incidence of acute side effects and major
organ system toxicity. However, for some drugs, the initial
doses may be administered in the outpatient setting with
hospital admission 3–5 days later when severe bone mar-
row suppression is expected. Hematopoietic growth factors
can be used to decrease the intensity and onset of life-
threatening bone marrow suppression. Measures to prevent
life-threatening bacterial infection include the use of pro-
phylactic antibiotics during the period of severe neutrope-
nia (Chapter 63). Thrombocytopenia and anemia are also

common and are treated with transfusions, erythropoietin,
or oprelvekin.  Severe mucositis and diarrhea are common
after high-dose chemotherapy. They typically peak at the
same time as the hematologic toxicity, and last for 3–5 days
after recovery of the neutrophils. During this time period,
patients may require parenteral nutrition. Use of the re-
cently-approved agent palifermin (recombinant human
keratinocyte growth factor) may decrease the severity and
duration of severe oral mucositis (3). High-dose therapy
may cause major organ system complications, including
cardiomyopathy, pulmonary toxicity, vasculitis, and hep-
atic veno-occlusive disease.

Prevention of Chemotherapy-Induced
Complications

Chemotherapy-Induced Nausea and Vomiting

Until recently, nausea and vomiting were the most feared
side effects of chemotherapy. With the advent of 5-HT3
antagonists, 60%–90% of patients have complete protec-
tion from acute chemotherapy-induced emesis. The eme-
togenic potential of individual chemotherapy drugs tends
to be severe in hospitalized patients because combina-
tions that include cisplatin or high-dose chemotherapy
are often given. Chemotherapy orders of highly emeto-
genic drugs (Table 90.6) should be accompanied by an
antiemetic order for a 5-HT3 antagonist with or without
dexamethasone (Table 90.7). This regimen should control
acute emesis in about 60%–80% of patients, but not de-
layed nausea or emesis, which occurs in about 40%–60%
of patients given cisplatin or high-dose chemotherapy. A
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TABLE 90.5
CHEMOTHERAPY ORDER-WRITING GUIDELINES AT UCSF MEDICAL CENTER

1. All orders should contain the patient’s name, height, weight, and BSA in order for nurse or pharmacist to double check the calculation.
2. No abbreviations or brand names should be allowed. (i.e., do not use “MTX” for “methotrexate” or “U” for “units”).
3. The total daily dose should be written as “X mg/kg or mg/m2 � Y mg on day 1” for single-day regimens. Indicate the duration of

infusion if an IV infusion, i.e., 1 hour, 4 hours, etc. Multiday regimens should be written as “X mg/kg or mg/m2 � Y mg daily for Z days.”
4. Do not write a zero after a whole number (e.g., 2.0 mg). Leave off the decimal and zero (e.g., 2 mg). Decimal points are easily

obliterated by the lines on order sheets and can lead to serious errors in dosage.
5. Continuous infusions of vesicant drugs should be given only via a central line.
6. A co-signature by an attending physician is required for all transplant protocol orders. A co-signature by the oncologist will be required

within 24 hours if orders are faxed. Faxed orders must be written on an acceptable institutional order form.
7. For intravenous agents, write the method of drug administration as either “IV push” or “IV infusion.”
8. The solution and volume may be specified for IV infusions of chemotherapy. If not specified, the solution and volume will be determined

by the pharmacist or clinic nurse based on the appropriate guideline.
9. Whenever possible, order practical doses of chemotherapy. The pharmacist may confer with you regarding the acceptability of rounding

certain drug doses to their most practical dose as long as it does not vary by more than 5% from the original dose. The exceptions are
vincristine, in which exact dosing is required, and vinblastine, mitoxantrone, and idarubicin, which should be rounded to the nearest mg.

10. Leave a space between the number and its unit value, e.g., 100 mg, not 100mg.
11. Changes in chemotherapy must be written by the fellow or attending (verbal orders to nurses or house staff are not acceptable).
12. Orders should not contain Latin abbreviations. Specifically, do not use qd, bid, or qid. Use the term daily instead of qd, q12h instead of

bid, etc.
13. Order anti-emetics, hydration, and other supportive care on the same chemotherapy order form.

BSA; body surface area.
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regimen of oral dexamethasaone and ondansetron, both
given 8 mg twice daily orally, often helps prevent delayed
chemotherapy induced emesis (4). Although dexametha-
sone is effective in preventing emesis in patients with
solid tumors treated with chemotherapy, some hematolo-
gists are concerned that this corticosteroid increases the
risk of fungal infection in induction regimens for acute
leukemia. While few studies implicate short courses of
dexamethasone in causing fungal infection, further study
is needed to establish its role in the setting of high-dose
chemotherapy for acute leukemias.

Chemotherapy-Induced Neutropenia

One of the most common complications that may result in
hospitalization of the chemotherapy patient is febrile
neutropenia. The usual pattern of myelosuppression is
the occurrence of neutrophil nadir between day 7 and 14

after chemotherapy. Severe neutropenia, defined as a
neutrophil count of 500/�L or less with associated fever
and shaking chills, should lead to a presumptive diagnosis
of Gram-negative bacteremia. Mortality (about 3%) is
associated with prolonged neutropenia (greater than seven
days), especially below a neutrophil count of 100/�L and
other high-risk features (e.g., expected long duration of
neutropenia).

The hospital management of chemotherapy-induced
febrile neutropenia involves appropriate cultures, followed
by immediate prophylactic broad-spectrum antibiotic ther-
apy to prevent progression to septic shock and death (also
see Chapter 63) (5). Filgrastim and sargramostim have also
been studied in the treatment of severe febrile neutropenia.
Although several studies have demonstrated that these
agents shorten the duration of severe neutropenia,
mortality has not been affected. This is probably because of
rapid neutrophil recovery (3–5 days) from the effects of
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TABLE 90.6
EMETOGENIC POTENTIAL OF COMMONLY USED CHEMOTHERAPEUTIC AGENTS

Level IV–V
(Moderately high Level III Level II Level I
to high 60–100%) (Moderate 30–60%) (Mod–low 10–30%) (Low �10%)

Busulfan (4 mg/kg/day) Amifostine (	740 mg/m2) Asparaginase Bleomycin
Carmustine Azacitidine Cytarabine Busulfan
Cisplatin (	50 mg/m2/day) Carboplatin (�250mg/m2/day) Chlorambucil
Cyclophosphamide (	750 mg/m2/day) Cisplatin Daunorubicin (Liposomal) Cladribine (2-CdA)
Cytarabine (	500 mg/m2/day) (
50 mg/m2/day) Docetaxel Cyclophosphamide (oral)
Dacarbazine Cyclophosphamide Etoposide Cytarabine (�20 mg
Dactinomycin (�750 mg/m2/day) (�200 mg/m2/day) IV or �50 mg IT)
Etoposide, high dose (	400 mg/m2/day) Cytarabine Gemcitabine Doxorubicin (Liposomal)
Ifosfamide (	2,500 mg/m2/day) (250–500 mg/m2/day) Irinotecan Floxuridine IA
Lomustine Daunorubicin Methotrexate Fludarabine
Mechlorethamine Doxorubicin (
250 mg/m2) Hydroxyurea
Melphalan (	100 mg/m2/day) Etoposide Mitomycin Melphalan (oral)
Methotrexate, high-dose (�1,000 mg/m2/day) (
200–400 mg/m2/day) Paclitaxel Mercaptopurine
Paclitaxel (�250 mg/m2/day) Estramustine phosphate (�175 mg/m2/day) Methotrexate
Pentostatin Floxuridine IV Thiotepa (
12 mg/m2/day) (�50 mg/m2/day)
Plicamycin Flourouracil (�1000 mg) Topotecan Pegasparaginase
Streptozocin Idarubicin Tamoxifen
Thiotepa (�100 mg/m2/day) Ifosfamide Thioguanine

(�2,500 mg/m2/day) Tretinoin
Melphalan Vinblastine

(50–100 mg/m2/day) Vinorelbine
Methotrexate

(250–1000 mg/m2/day)
Mitomycin
Mitoxantrone

(
15 mg/m2/day)
Paclitaxel

(175–250 mg/m2/day)
Procarbazine
Teniposide

IA, intra-arterial; IT, intrathecal; IV, intravenous.
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chemotherapy. Thus, the use of broad-spectrum antibi-
otics without concurrent hematopoietic growth factor is
adequate to manage most uncomplicated patients. How-
ever, patients with shaking chills and ill appearance are at
greater risk for life-threatening sepsis and may benefit from
filgrastim or sargramostim to shorten the course of neu-
tropenia. Some experts recommend using hematopoietic
growth factors in the treatment of febrile neutropenia in
the presence of constitutional symptoms and evidence for
clinical infection (e.g. pneumonitis, cellulitis).

Patients who have developed life-threatening febrile
neutropenia after chemotherapy should be treated prophy-
lactically with a hematopoietic growth factor (filgrastim,
pegfilgrastim, or sargramostim) to prevent future episodes
of severe neutropenia. When using filgrastim in an adult,
dose the drug by weight, and give full vial sizes. For those
under 70 kilograms, use one 300 microgram vial. Pegfil-
grastim, a longer-acting neutrophil stimulator, should be
reserved for outpatient prevention of neutropenia (6). Its
role in the acute management of chemotherapy-induced
neturopenia is not well defined.

Other Oncologic Emergencies

Hypercalcemia, spinal cord compression, and superior
vena cava syndrome are reviewed in Chapter 92. Tumor ly-
sis syndrome is covered in Chapter 94. Pain management
and palliative care are discussed in Chapters 18 and 19, 
respectively.

DISCHARGE ISSUES AND 
FOLLOW-UP CARE

Management of Infections as an Outpatient

Patients considered low-risk may be converted from intra-
venous to oral antibiotic therapy after initial response to
antibiotics. A variety of antibiotics are available and should
be chosen based upon site of infection, therapeutic re-
sponse, and the typical antibiotic sensitivities for the par-
ticular institution (Chapter 63).
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TABLE 90.7
AGENTS FOR THE PREVENTION OF CHEMOTHERAPY-INDUCED EMESIS

Level IV–V or Combinations including level III
Granisetron 2 mg PO or 1 mg PO (on each day of chemotherapy) prior to chemotherapy. If patients cannot

tolerate oral granisetron, may use intravenous granisetron (10 mcg/kg IV q24h).
OR

Granisetron 10 mcg/kg (round up to the nearest 50 mcg) IV over 5–15 minutes q24 hours (on each day of
chemotherapy) or as IV push over 30 seconds.
OR

Ondansetron 8 mg IV  q8h or Ondansetron 8 to 16 mg IV over 15 minutes � 1 (on each day of chemotherapy).
OR

Dolasetron 100 mg IV or PO prior to chemotherapy.
All of the above may continue up to 24 hours after the last dose of chemotherapy.

PLUS
Dexamethasone 10–20 mg IV over 15–30 minutes prior to chemotherapy or 10 mg PO/IV bid on days of

chemotherapy for 1–5 days (if not contraindicated).

Combinations of Level II or III
Ondansetron 16–24 mg PO qd (on each day of chemotherapy).

OR
Granisetron 1 mg PO q12 hours (on each day of chemotherapy).

OR
Ondansetron 8 mg IV over 15–30 minutes � 1 (for each day of chemotherapy).
All of the above may continue up to 24 hours after the last dose of chemotherapy.

PLUS
Dexamethasone 10–20 mg IV over 15–30 minutes prior to chemotherapy or 10 mg PO/IV bid on days of

chemotherapy for 1–5 days (if not contraindicated).

For levels see Table 90.6.
Oral agents should be administered at least 60 minutes prior to chemotherapy. Intravenous agents should be
administered at least 30 minutes prior to chemotherapy. Ondansetron and Granisetron should be discontinued 12–24
hours after the completion of the last dose of chemotherapy.
IV, intravenous; PO, orally.
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Delayed Emesis

Patients who have received cisplatin, cyclophosphamide,
or high-dose chemotherapy may develop delayed nausea
and vomiting 3–5 days after discharge. Patients should be
discharged with antiemetics to manage delayed emesis. The
most cost-effective therapy is a combination of on-
dansetron (or prochlorperazine or metoclopramide) plus
dexamethasone (Table 90.7). The neurokinin-1 receptor
antagonist aprepitant may be used for patients with severe
delayed emesis (7). It must be given on day 1–3, in con-
junction with a 5-HT3 antagonist and dexamethasone. The
dose of dexamethasone should be decreased to a maximum
of 12 mg.

Prevention of Hemorrhagic Cystitis

The cytotoxic drugs cyclophosphamide or ifosfamide can
cause severe bladder and ureteral toxicity. Complete
protection for cyclophosphamide toxicity is virtually
assured by using hydration (eight 6-ounce glasses of water
or liquid) over the 24 hours following chemotherapy.
Ifosfamide requires a uroprotectant drug, mesna, plus hy-
dration for 24 hours post-therapy. Mesna is given by the
intravenous route during hospitalization but may be con-
verted to oral mesna every 4 hours for 3 doses at dis-
charge. It is critical that patients are compliant with this
regimen.

Methotrexate Monitoring

Methotrexate is an important antimetabolite drug that re-
quires the antidote leucovorin for rescue of methotrexate
doses greater than 500 milligrams. Patients must be in-
structed to take their oral leucovorin exactly as prescribed.
In addition, they must return to the clinic for follow-up
serum samples of methotrexate to determine the duration
of leucovorin rescue (usually 3 days).

KEY POINTS

■ Although cancer patients are being treated more often in
the ambulatory setting, many patients still are admitted
to the hospital for a variety of reasons, including admin-
istration of high-dose chemotherapy and management
of complications related to chemotherapy.

■ More cancer patients are responding to chemotherapy
than in the past because of newer strategies such as dose-
intense chemotherapy, high-dose chemotherapy with
bone marrow rescue, and improved supportive care.

■ High-dose therapies usually necessitate admission to
the hospital for close monitoring. However, newer

supportive care therapies, especially antibiotics and
antiemetics, allow the clinician to initially treat patients
in the ambulatory setting.

■ Hospitals should streamline the processing of chemother-
apy orders. All information (laboratory data, premedica-
tions) relevant to the protocol should be obtained prior to
hospitalization.

■ The hospital physician should be familiar with the
management of chemotherapy-induced complications,
especially febrile neutropenia and emesis.

■ Discharge issues that should be considered are preven-
tion of delayed emesis, prevention of cyclophosphamide-
induced cystitis, and monitoring of methotrexate serum
levels.
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Principles of 

Transfusion Medicine
Susan A. Galel Edgar G. Engleman

INTRODUCTION

Various blood components—either fresh or commercially
processed—are available for clinical use. The appropriate
use of blood components depends on an understanding of
their characteristics, therapeutic value, and risks.

FRESH BLOOD COMPONENTS

Blood Collection

Fresh blood components are obtained from healthy volun-
teer donors. These donors are extensively screened for po-
tential exposure to infectious diseases. The standard blood
donation consists of approximately 500-milliliter “units”
of whole blood collected in a citrate anticoagulant. This
volume represents approximately 10% of a donor’s blood.
Each unit of whole blood can then be separated by cen-
trifugation into its components: red cells, plasma, and
platelets. One hundred milliliters of a nutrient additive so-
lution is usually added to each red cell product to prolong
its shelf life. Each blood component derived from one do-
nation of whole blood is referred to as a “unit” of that com-
ponent and constitutes approximately 10% replacement
therapy for an adult patient (1).

Apheresis

Apheresis is an alternative approach to blood collection, in
which a donor’s blood is drawn into an automated proces-
sor that centrifuges the blood into its components and se-
lectively harvests the desired component(s). The remainder
of the donor’s blood is returned to the donor. By means of

continuous flow and centrifugation, multiple unit-equiva-
lents of a particular blood component can be harvested.
This technology is a primary source of platelets and plasma.
The product of an apheresis platelet collection is equivalent
to approximately six whole blood-derived platelet units.
Apheresis technology can also be used to collect two units
of red cells from larger donors, returning plasma and saline
to the donors to preserve their intravascular volume. Gran-
ulocyte concentrates can also be collected by apheresis. To
obtain therapeutic doses of granulocytes, however, donors
must be premedicated with steroids and/or granulocyte
colony stimulating factor (G-CSF) to increase their predo-
nation white blood cell count.

Table 91.1 summarizes the therapeutic value of the most
commonly prepared components of fresh blood.

MODIFICATIONS OF COMPONENTS OF
FRESH BLOOD

Leukocyte Reduction

During centrifugation and separation of whole blood into
components, white blood cells are partitioned into both
the red cell and platelet products. These white blood cells,
up to 109 per product, may cause febrile transfusion reac-
tions and can stimulate human leukocyte antigen (HLA)
immunization in transfusion recipients. White cells can be
removed from blood components by passing the compo-
nents through special synthetic fiber filters, which reduces
levels of white cells from approximately 109 per product to
105 per product. Some platelet apheresis technologies se-
lect blood components so specifically that the products are
essentially leukocyte-reduced at collection. The U.S. Food
and Drug Administration (FDA) defines leukocyte-reduced

91
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products as those that contain fewer than 5 � 106 white
blood cells per product. Most red cell and platelet pheresis
products produced today are leukocyte-reduced.

Frozen Red Blood Cells

Red blood cells can be preserved for up to 10 years by freez-
ing. After thawing, the shelf life is limited to 24 hours un-
less freezing and thawing were carried out using new
closed-processing systems. Frozen storage is most applica-
ble to cells of rare phenotype and is typically a service of
large regional blood suppliers. Most hospitals do not main-
tain their own frozen storage facilities.

Washed Blood Products

“Washing” refers to the removal of plasma from cellular
products (red blood cells, platelets) by resuspending the
product in saline solution. This practice is primarily indi-
cated for patients with known sensitivity to plasma pro-
teins, such as patients with immunoglobulin A (IgA)
deficiency (who may be extremely sensitive to IgA). Wash-
ing has no role in leukocyte reduction.

Cellular products, including leukocyte-reduced products,
contain lymphocytes potentially capable of mediating
graft-versus-host disease in susceptible patients. Gamma-
irradiated (�2,500 rads) blood products are recommended
for such patients (see Adverse Effects of Transfusion).

Pathogen-Inactivated Products

Several processes to inactivate residual pathogens in fresh
blood products have been the subject of clinical trials.
Chemicals that can bind to nucleic acid are added to the
blood component; in some cases, exposure to light is re-
quired to achieve covalent binding. This binding renders
pathogens unable to replicate. Product shelf life or in vivo
recovery may be mildly diminished by the treatment. Sub-
stantial incremental costs, reduced therapeutic effective-
ness of the product, and potential toxicities raise questions
regarding the appropriate application of these technolo-
gies. These processes may serve as a reasonable approach
for reducing the risk of transmission of nucleic acid-
containing pathogens for which there are currently no
donor screening tests.
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a Anticipated response expressed either as a directly measurable increment or as a percentage of normal blood volume replacement in an adult.
b Common empiric adult doses.
c Transfusion services do not routinely store whole blood.
d Volume includes 100 mL nutrient additive solution.

TABLE 91.1
FRESH BLOOD COMPONENTS AND THEIR USE

Approximate 
preparation and/or

Approximate Therapeutic Therapeutic compatibility
Component unit volume indication impact/unita Approximate doseb testing time

Whole bloodc 500 mL Acute hypovolemia ↑ Hgb � 1 g/dL Determined by Type and cross-match
with anemia ↑ Blood vol � 10% estimated volume (60 min)

deficit
Red blood cells 325 mLd Anemia ↑ Hgb � 1 g/dL Determined by degree Type and cross-match

↑ Blood vol � 5% of anemia (60 min)
Fresh frozen plasma 200 mL Replacement of ↑ Coagulation 4 units (10–15 mL/kg) Thawing (30 min)

multiple coagulation factors � 8%
factors ↑ Blood vol � 4%

Warfarin reversal
Factor V deficiency

Platelet concentrate Thrombocytopenia ↑ Platelet count by
a) single unit a) 50 mL a) 2–7,000/�L a) 6 units a) �Pooling (15–30
b) pheresis unit b) 250 mL b) 15–40,000/�L b) 1 pheresis unit min)

Cryoprecipitate 15 mL Hypofibrinogenemia ↑ Fibrinogen 10–15 units (1 U/5 kg) b) None
� 5 mg/dL Thawing (30 min)

Topical fibrin adhesive (also includes �pooling (15–30 min)
factors VIII, XIII,
von Willebrand
factor)
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COMMERCIAL BLOOD PRODUCTS

Red Cell Substitutes

Effective red cell substitutes must bind oxygen at pul-
monary oxygen pressures, release oxygen at tissue oxygen
pressures, and have adequate intravascular retention and
limited toxicity. Currently, no red cell substitutes are li-
censed for clinical use in the United States. For many years,
trials of red cell substitutes were foiled by toxicity and dif-
ficulty in demonstrating efficacy. Several red cell substitutes
have been evaluated in recent clinical trials. Some are per-
fluorocarbon emulsions, which actually dissolve oxygen
and have linear oxygen-carrying characteristics. The vast
majority of oxygen carriers in trials, however, are
hemoglobin-based products, in which the hemoglobin
molecules are cross-linked to reproduce the classic 
S-shaped cooperative oxygen-binding curve. Some of the
products use recombinant hemoglobin and may ultimately
be acceptable to Jehovah’s Witnesses, but others are made
from outdated human red cells or bovine red cells. Al-
though hemoglobin solutions most accurately mimic natu-
ral red cell oxygen-carrying characteristics, concerns have
been raised that the binding of hemoglobin to nitric oxide
and the resultant vasoconstriction may limit the ability of
these products to deliver oxygen to tissues. All these prod-
ucts have very limited intravascular retention, and it is
doubtful that their safety profile will be better than that of
fresh red cell products. The most appealing features of these
products would be immediate availability and universal
applicability. Therefore, the products are most likely to be
useful in settings of acute trauma or surgery.

Commercial Plasma Protein Products

Relatively purified preparations of selected plasma proteins
can be isolated from pooled human plasma by means of in-
dustrial techniques. Thousands of units of plasma are
pooled, and the pool is subjected to various precipitation or
affinity purification steps that separate different plasma pro-
teins. The earliest products produced in this way had a high
probability of carrying infectious agents because of the large
numbers of donors represented in each pool. Thus, in the
1970s and 1980s, many patients with hemophilia became
infected with hepatitis viruses and HIV through clotting fac-
tor products derived from pooled plasma.

Today, the U.S. FDA requires that most products de-
rived from pooled plasma be further processed with heat,
ultrafiltration, or chemicals (e.g., with organic solvents
and detergents that inactivate lipid-coated viruses) to re-
duce viral infectivity. These processes essentially eliminate
the risk for transmission of HIV, hepatitis B virus, and
hepatitis C virus. However, some other infectious
agents—in particular viruses that do not have lipid coats
such as hepatitis A virus and the B19 parvovirus—may

survive the usual inactivation processes, and transmission
of these agents by some pooled plasma products has been
documented. Given the fact that thousands of donors are
represented in each plasma pool and not all infectious
agents are inactivated, the theoretical risk of transmitting
some infectious agents remains higher with pooled prod-
ucts than with fresh products from single donors. For ex-
ample, concerns have been raised regarding the potential
for transmitting prions (the causative agents of spongi-
form encephalopathies) via pooled plasma products, al-
though there is no evidence that such transmissions have
occurred. Because of persistent concerns regarding infec-
tivity of pooled plasma products, several human plasma
proteins have been produced by recombinant DNA tech-
niques, including clotting factors VIII, IX, and VIIa. How-
ever, these products may be expensive.

Table 91.2 illustrates the variety of plasma protein prod-
ucts currently available.

ROLE OF TRANSFUSION IN THE CARE
OF THE HOSPITALIZED PATIENT

Indications for Use of Blood Components

Intravascular Volume Replacement

The need for volume replacement must be distinguished
from the need for specific blood components. Normal
blood volume is approximately 70 mL per kilogram, or
3,500 mL for an average-size female adult and 5,000 mL for
an average-size male adult. Acute volume losses of
500–750 mL (10%–15%) can be tolerated in otherwise
healthy persons without replacement because of sympa-
thetically mediated vasoconstriction and increased cardiac
output. Larger losses result in hypotension when cardiac
output is compromised by inadequate preload. Volume re-
placement is typically initiated with crystalloid or colloid
solutions. Blood components should be used for volume
replacement only if the specific components themselves are
needed. In general, red cells are the first blood component
for which replacement is considered.

Replacement of Red Cells

The role of red blood cells is to carry and deliver oxygen
to the tissues. Oxygen delivery is a function of blood flow
and the oxygen (O2) content of blood, as follows:

O2 Delivery � Cardiac Output � Arterial O2 Content

where O2 content is defined by the hemoglobin level and
the oxygen saturation (expressed as a percentage) of
hemoglobin. As the hemoglobin content of the blood de-
clines, oxygen delivery is maintained through an increase
in cardiac output. As noted above, this increase in cardiac
output is dependent on adequate intravascular volume.
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When normal intravascular volume is maintained and the
heart and lungs are healthy, increases in cardiac output
alone have been shown to compensate for acute losses of
up to three-fourths of red cells, or a reduction in hemo-
globin levels to 3 g/dL. In the face of myocardial, pul-
monary, or peripheral vascular disease, oxygen delivery to
specific tissues becomes inadequate at hemoglobin levels
well above 3 g/dL.

Several organizations have published guidelines for red
cell replacement therapy (2–4). All these panels agree that
reduced hemoglobin levels to 6–7 g/dL are well tolerated in
otherwise healthy persons. Oxygen delivery to the my-
ocardium becomes inadequate at hemoglobin levels be-
tween 3 and 6 g/dL. All the published practice guidelines
suggest that transfusion should be given to patients with
hemoglobin levels below 6 g/dL. At hemoglobin levels
above 6 g/dL, the need for transfusion should be assessed
on a case-by-case basis. Clinical signs, such as tachycardia
or lightheadedness, may suggest the need for transfusion.
In patients undergoing invasive monitoring, the finding of
low levels of mixed venous oxygen (�25 mm Hg) or high
levels of oxygen extraction (�50%) is objective evidence of
inadequate oxygen delivery (2,3,5). However, even these
measurements may not adequately assess oxygen delivery
to key critical tissues, such as the myocardium. Concern has
been raised that certain populations, particularly elderly
patients and those with coronary artery, pulmonary, or pe-

ripheral vascular disease, may be at increased risk for ad-
verse events with hemoglobin levels between 6 and
10 g/dL. There is some evidence that critically ill patients
with ischemic heart disease may benefit from a
hemoglobin of 10 or above (6, 7). However, the appropri-
ate transfusion trigger for critically ill patients in general is
not clear, as two large studies found an association of trans-
fusion with increased mortality in some critically ill patients
(8, 9). Thus, a more restrictive transfusion regimen (e.g., to
maintain hemoglobin between 7 and 9) may be more ap-
propriate for critically ill patients without ischemic heart
disease. More studies are needed to define the risks and
benefits of red cell transfusion in the critical care setting. In
summary, evidence suggests that replacement of red cells is un-
necessary at hemoglobin levels above 10 g/dL and usually indi-
cated at hemoglobin levels below 6 g/dL. Between these levels,
the need for replacement should be considered on a case-
by-case basis. Red cells are usually replaced in the form of
packed red blood cells. Although whole blood may be the
product of choice in hypovolemic anemia, in practice it is
not usually available.

Replacement of Platelets and Plasma

Table 91.2 lists available agents for the treatment of bleed-
ing diatheses. Guidelines for the transfusion of platelets
and clotting factors are discussed in detail in Chapter 98.
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TABLE 91.2
EXAMPLES OF COMMERCIAL PLASMA PROTEIN PRODUCTS

Products Source Therapeutic use

Plasma substitutes
Albumin Humana Raise oncotic pressure

Immunoglobulins
Immune serum globulin Human Mitigate exposure to viruses
Intravenous IgG Human Immunodeficiency, therapy of immune disorders
Rh immune globulin Immune human Mitigate exposure to RhD antigen; treatment of ITP

Coagulation factors
Factor VIII Human Factor VIII deficiency, von Willebrand’s disease

Recombinantb Factor VIII deficiency
Porcine Treatment of factor VIII inhibitors

Factor IX complex
Factor IX (purified) Human Factor IX deficiency

Recombinant Factor IX deficiency
Partially purified Human Factor IX deficiency

Deficiency of Vitamin K-dependent factors
Activated Human Treatment of factor VIII inhibitors

Fibrinogen Human Topical fibrin adhesives
Antithrombin III Human AT III deficiency
Factor VIIa Recombinant Treatment of factor VIII or factor IX inhibitors

Uncontrolled bleedingc

a All human source products are derived from pools of plasma from thousands of donors. These donors
may have been paid.
b Recombinant products may be stabilized in human source albumin.
c Not yet an approved indication, but anecdotally reported to be effective at times.
AT III, antithrombin III; FFP, fresh frozen plasma; ITP, idiopathic thrombocytopenic purpura; 
RhD, Rhesus D antigen.
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Granulocyte Transfusion

Granulocyte transfusion may be considered for patients
with neutropenia and life-threatening infections that are
not responding to antimicrobials. The therapeutic effec-
tiveness of this treatment is controversial. Acquisition of
these products is complicated by the need to prescreen
donors for infectious diseases (because products must be
infused immediately after collection) and the need to pre-
medicate donors to increase their predonation white blood
cell counts. Physicians considering this intervention should
consult their transfusion service medical director.

Empiric Therapy of Acute Bleeding

In patients who have experienced an acute hemorrhage, the
initial hemoglobin determination may not accurately re-
flect the degree of red cell deficiency. Empiric therapy can
be based on estimated volumes lost. The general strategy is
similar to that described above: the first goal should be in-
travascular volume replacement with crystalloid, colloid,
or both. If blood loss continues after replacement of 1,500
to 2,000 mL of fluid (i.e., 30%–40% of blood volume), red
cell replacement should be considered. The need for
platelet and plasma transfusion should be guided by the re-
sults of laboratory testing if it is rapidly available. However,
replacement of these components is generally not needed
until one or two entire blood volumes have been replaced.

PRINCIPLES OF RED BLOOD CELL
COMPATIBILITY

Compatibility testing is necessary for red blood cell and
plasma transfusion to prevent hemolytic transfusion reac-
tions. The most important component of compatibility
testing is the determination of the ABO blood type.

ABO System

The ABO antigens are carbohydrate chains on large mem-
brane-bound glycosphingolipid molecules, expressed on

almost all tissues of the body. The A and B antigens are
produced by genetically encoded glycosyltransferases that
modify the terminal sugar of the precursor O substance.
These A and B antigens are similar to carbohydrates found
on common bacteria, and during the first year of life all
people begin to produce antibodies that cross-react with
the carbohydrate A and B antigens other than those ex-
pressed by their own cells. Thus, group O persons, who
express neither the A nor B antigens, produce antibodies
against both A and B; group A persons produce only anti-
B, and group B persons produce anti-A. These antibodies
are typically of the immunoglobulin M (IgM) class and
are complement fixing. If red blood cells are infused bear-
ing the A or B antigen that the recipient lacks, these
naturally occurring IgM antibodies will cause a rapid, in-
travascular lysis of the transfused cells, activating comple-
ment and releasing hemoglobin into the bloodstream.
This acute hemolytic transfusion reaction can result in dis-
seminated intravascular coagulation, shock, renal failure,
and death.

Thus, if red blood cells are to be transfused safely, it is
essential to type patients for their A and B antigens and
provide red cells compatible with their pre-existing anti-A
or anti-B IgM antibodies. Group O cells, which express
neither A nor B antigens, can be safely infused into pa-
tients of any ABO type. Plasma components must also be
selected for ABO compatibility; these contain the anti-A or
anti-B antibodies of the plasma donor, and infusion of
plasma containing anti-A or anti-B would cause hemolysis
of the red cells of a recipient expressing those antigens.
Table 91.3 illustrates the selection of red cell and plasma
products according to donor and recipient ABO type. ABO
compatibility is the most essential aspect of blood trans-
fusion, and infusion of ABO-incompatible blood is the
most common cause of fatal transfusion reactions. Most
of these events are a consequence of human error, as when
a typing specimen is obtained from the wrong patient or
a unit of blood is infused into the wrong patient (Chapter
20). Therefore, we cannot overemphasize the importance
of verifying the identity of the patient at the time the spec-
imen is drawn for typing and at the time the blood is ad-
ministered.
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TABLE 91.3
ABO COMPATIBILITY

Compatible donors

Antigens on Antibodies in
Patient’s blood type RBC plasma RBC Plasma

A A Anti-B A or O A or AB
B B Anti-A B or O B or AB
O None Anti-A, anti-B O O, A, B, or AB
AB A and B None AB, A, B, or O AB

RBC, red blood cell.
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Rhesus and Other Non-ABO Red Cell
Antigens

Whereas antibodies to the A and B carbohydrate antigens
are produced spontaneously, antibodies to other red cell
antigens, such as Rhesus (RhD) antigen, are produced only
after specific exposure to foreign red cells, either through
transfusion or pregnancy. Among the non-ABO red cell
antigens, RhD is the most immunogenic. About 15% of
people lack the RhD antigen and are said to be “Rh-
negative.” If these people are challenged with red cells bear-
ing the RhD antigen (“Rh-positive blood”), there is a high
likelihood that they will produce anti-RhD antibody. The
other non-ABO red cell antigens are much less immuno-
genic, with antibodies produced in fewer than 5% of trans-
fusion recipients. Antibodies to non-ABO antigens, includ-
ing anti-RhD antibodies, are typically of the immuno-
globulin G (IgG) class and do not fix complement. If red
cells bearing the target antigen are transfused into a person
who has produced one of these IgG antibodies, the anti-
bodies bind to the transfused cells, and the survival of the
antibody-coated cells is likely to be shortened because of
accelerated destruction in the spleen. Non-ABO antibodies
only rarely cause intravascular hemolysis. In women of
childbearing age, these IgG antibodies may be of additional
concern because they can cross the placenta and destroy fe-
tal cells bearing the target antigen.

Compatibility Testing

The three components of routine compatibility testing are
type, screen, and cross-match. ABO and Rh typing is per-
formed by incubating patient red cells with anti-A, anti-B,
or anti-RhD reagents, centrifuging specimens, and looking
for agglutination. Because of the importance of ABO typing
in transfusion, ABO type is confirmed by verifying the pres-
ence of the expected anti-A or anti-B antibodies in the pa-
tient’s plasma by incubating patient plasma with reagent
cells of known ABO type. ABO/Rh typing takes approxi-
mately 10 minutes to perform.

Antibody screening is performed to detect IgG non-ABO
anti-red cell antibodies. The plasma of the transfusion re-
cipient is incubated with a panel of group O cells selected
for their expression of the clinically significant non-ABO
antigens to which patients may become sensitized. The
binding of patient IgG to the target cells is detected by
adding an anti-IgG reagent. Anti-Rh and other non-ABO
antibodies are detected by this process, which takes ap-
proximately 30–45 minutes.

In patients with negative results on antibody screens,
ABO/Rh-compatible cells (Table 91.3) are provided for
transfusion. The only “cross-match” performed is a final
check on ABO compatibility between donor and recipient.
The check can be performed either electronically (by com-
puter verification of donor and recipient ABO types) or
serologically, with an “immediate spin” (IS) cross-match.

IS cross-matching is performed by incubating the patient’s
plasma with donor red cells, centrifuging, and looking for
agglutination. A positive IS cross-match would indicate the
presence of IgM antibodies (i.e., anti-ABO) against donor
cells. The completion of type, screen, and IS cross-match
takes approximately one hour.

If the result of the antibody screen is positive, further
testing is required to identify the specific non-ABO anti-
gen(s) to which the patient’s IgG antibody is directed.
Donor red cells that lack the target antigen(s) must then be
located. Finally, compatibility between the patient’s anti-
bodies and donor cells is verified with an “IgG serologic
cross-match,” performed by incubating patient plasma
with donor cells, adding an anti-IgG reagent to detect bind-
ing, and looking for agglutination. Only antigen-negative,
“IgG cross-match�compatible” cells should be transfused.
Antibody identification and selection of IgG cross-
match�compatible cells can take 2 hours or longer.

Selection of Red Cells for Transfusion in
Emergencies

Except in emergencies, transfusion should be withheld un-
til the antibody screen is performed and compatibility is
verified. In emergencies, selection of red cells on the basis of
ABO compatibility alone (Table 91.3) is sufficient for avoidance
of most acute intravascular hemolytic reactions. When feasible,
RhD-negative (Rh-negative) patients are also provided with
Rh-negative cellular components because of the high likeli-
hood that these patients will produce anti-Rh antibodies af-
ter transfusion. Avoidance of Rh immunization is of partic-
ular importance in women of childbearing age. A positive
antibody screen often results in a delay in providing cells
for transfusion because of the additional testing required.
Clinicians are urged to communicate with the transfusion
service physician regarding the clinical urgency of transfu-
sion and to discuss the relative risks and benefits of trans-
fusion before the completion of laboratory testing.

ADVERSE EFFECTS OF TRANSFUSION

Acute Complications

Hemolytic Reactions

Acute intravascular hemolysis occurs in approximately 1 in
30,000 transfusions. This is most frequently a consequence
of infusion of ABO-incompatible blood and is the most
common cause of fatal transfusion reaction. Symptoms
may include fever, chills, chest or back pain, and hy-
potension. Laboratory tests reveal hemoglobinemia,
hemoglobinuria, and possibly coagulopathy. Treatment is
supportive, with particular attention to hydration and di-
uresis to prevent renal failure. Diagnosis is based on the
presence in the recipient’s plasma of free hemoglobin in
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addition to antibodies that bind to the red cells from the
donor unit. The result of a post-transfusion direct antiglob-
ulin test, a test for antibody bound to red cells circulating
in the recipient, may be negative if the incompatible cells
were immediately lysed.

Extravascular hemolysis is caused by non-ABO red cell
antibodies, including most Rh antibodies. Extravascular
hemolysis may be seen if a non-ABO antibody is not de-
tected on the pre-transfusion antibody screen. More com-
monly, it is caused by IgG non-ABO antibodies produced
following transfusion (delayed transfusion reaction). Al-
though fever may be seen, often there are no symptoms at
all. Destruction of the transfused cells is usually gradual.
Splenic enlargement may occur if several units of trans-
fused cells are destroyed. Laboratory testing demonstrates
serologic incompatibility of recipient plasma with the
donor red cells, a falling hematocrit, and hyperbilirubine-
mia; results of direct antiglobulin testing are positive.

Allergic Reactions

Allergic reactions occur in up to 1% of transfusions and
typically reflect the recipient’s reaction to plasma in the
transfused product. Symptoms usually are limited to ur-
ticarial rash. Reactions may recur with subsequent transfu-
sions, but the severity does not usually increase with time.
Symptoms can often be reduced by pretreatment of the re-
cipient with antihistamines. Rarely, systemic anaphylactic
reactions can occur, often in patients with no prior history
of reaction (Chapter 120). The majority of anaphylactic re-
actions have no identifiable cause, although some are
caused by anti-IgA antibodies in patients with IgA defi-
ciency. Transfusion of plasma should be avoided in pa-
tients with a history of anaphylactic transfusion reactions,
and for these patients, red cell and platelet products should
be thoroughly washed with saline solution to remove
plasma before infusion.

Febrile Reactions

Fever occurring during or immediately after infusion may
indicate an acute hemolytic reaction, but more often it re-
flects a nonhemolytic reaction mediated by white blood
cells and their metabolic products. Febrile nonhemolytic
reactions are associated with up to 1% of red cell transfu-
sions and with a much higher proportion of platelet trans-
fusions. Symptoms may include fever, chills, flushing,
nausea and vomiting, hypertension, and, rarely, shortness
of breath. Febrile nonhemolytic reactions are frequently
caused by the binding of antibodies in the transfusion re-
cipient to white blood cells in the transfused product. These
reactions can be minimized by the use of leukocyte-
reduced blood products. Febrile nonhemolytic reactions to
platelet products may also be caused by cytokines pro-
duced in vitro by white blood cells in the platelet products.
Leukocyte reduction of platelet products before storage or

removal of product supernatant immediately before infu-
sion may reduce the number of febrile nonhemolytic reac-
tions associated with these products. Rarely, anti-white cell
antibodies of donor origin, present in the plasma of a trans-
fused product, can cause febrile nonhemolytic reactions or
cytokine-mediated pulmonary edema (transfusion-related
acute lung injury) in a transfusion recipient.

Bacterial Contamination

Fever at the time of, or shortly after, transfusion may indi-
cate bacterial contamination of the blood product. The
presence of asymptomatic bacteremia in a blood donor or
of donor skin flora at the phlebotomy site can result in the
contamination of blood products. Low-level contamina-
tion with bacteria, most commonly nonvirulent skin flora,
is found in approximately 1 in 5,000 blood products.
Rarely, contaminating organisms multiply to a significant
extent during storage of the blood product, especially
platelet products, which are stored at room temperature
rather than in the refrigerator. Fever resulting from bacterial
contamination is reported to occur with infusion of 1 in
10,000 platelet concentrates and 1 in 30,000 red cell units.
Rarely, infusion of bacterially contaminated red cells or
platelets can cause sepsis, endotoxin-mediated shock, or
even death. The small numbers of bacteria that may be pre-
sent in blood products on the day of collection cannot be
detected by currently available technology. Recently imple-
mented processes that detect bacteria in  platelet products
after 24 hours of storage can interdict at least some con-
taminated products.

Complications Related to Large or Rapid
Transfusions

The infusion of multiple units of blood or plasma can re-
sult in volume overload and pulmonary edema. The rapid
infusion of large volumes of blood can also cause acute
metabolic complications, including transient hypocal-
cemia (a consequence of the binding of free calcium by the
citrate anticoagulant), hyperkalemia (resulting from the
presence of free potassium in the supernatant of stored red
cells), and hypothermia (related to infusion of large vol-
umes of refrigerated blood). These metabolic complica-
tions are not generally encountered except in the setting of
trauma or surgery.

Other Immunologic Complications of
Transfusion

Approximately 30% of multiply transfused patients be-
come immunized to HLA antigens expressed on white cells
and platelets. Anti-HLA antibodies may cause refractoriness
to platelet transfusion and febrile nonhemolytic transfu-
sion reactions. HLA allo-immunization can be prevented or
delayed by the prophylactic use of leukocyte-reduced blood
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products. Other immunologic effects may include transfu-
sion-related immunosuppression. Several authors have
suggested an association between transfusion and an in-
creased risk of cancer recurrence, postoperative infection,
or activation of endogenous viruses such as HIV and cy-
tomegalovirus. However, these effects have not been con-
clusively demonstrated. Rarely, white blood cells from the
transfused product can engraft in the recipient and cause
graft-versus-host disease.

Viral Infections Transmitted by Transfusion

HIV and Hepatitis

The risk for transmitting hepatitis or HIV viruses by trans-
fusion is now extremely low. Blood donors are screened
with explicit questioning to identify previous exposure to
these viruses or a history of activities that increase their
risk for exposure to blood-borne or sexually transmitted
disease. Risk activities that blood banks must inquire
about are defined by the U.S. Public Health Service and
the FDA and are revised periodically based on epidemio-
logic investigation. Blood may be drawn only from per-
sons who pass questioning. Questioning alone eliminates
approximately 90% of virally infected potential donors.
All blood that is collected then undergoes a panel of sero-
logic tests mandated by the FDA. Table 91.4 shows a list
of the tests currently performed on donated blood. Only
blood that passes both questioning and testing can be
used for transfusion.

The combined effectiveness of donor questioning and
testing is so high that the risk for transmitting hepatitis
virus or HIV by transfusion is too small to be measured ac-
curately by prospective studies. Estimated risk has been cal-
culated by using epidemiologic models (10, 11). The
majority of disease transmissions are thought to be caused

when blood from donors recently exposed to infectious
agents but whose test results have not yet become positive
(so-called window-period donations) is transfused. Recent
introduction of donor screening tests that detect HCV and
HIV nucleic acid has shortened the estimated window pe-
riod for these agents to 10–11 days. These highly sensitive
donor screening tests, combined with the low incidence of
infections in the blood donor population, are responsible
for the extremely low estimated risks of transfusion-
transmitted viral infection today (Table 91.5).

Cytomegalovirus

This common virus can cause severe morbidity in prema-
ture or unborn infants and in patients who are immuno-
deficient, immunosuppressed, or have had their spleens
removed. Patients previously unexposed to this virus
(CMV-seronegative) should be protected from transfusion
transmission of the virus by the use of blood obtained from
CMV antibody-negative blood donors. Extensive leukocyte
reduction also appears effective in reducing the CMV infec-
tivity of blood components.

Other Agents

Any agent found in the blood of an apparently healthy
blood donor can be transmitted by transfusion. Parasites
have only rarely been reported to be transmitted by trans-
fusion in the United States, where there is currently no
blood donor testing for parasitic infection. Up to three
cases of transfusion-transmitted malaria occur in the
United States each year. Recent studies show that approxi-
mately 1 in 10,000 U.S. blood donors is infected with Try-
panosoma cruzi, the parasite that causes Chagas disease, but
transfusion transmission of this infection appears to be
rare. Transfusion transmission of the intraerythrocytic
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TABLE 91.4
DONOR SCREENING TESTS FOR INFECTIOUS
DISEASE (UNITED STATES)

Agent Donors tested for

HIV Antibody to HIV-1 and HIV-2a

HIV-1 nucleic acidb

Hepatitis B Antibody to hepatitis B core antigena

Hepatitis B surface antigen
Hepatitis C Antibody to hepatitis Cc

HCV nucleic acidb

HTLV Antibody to HTLV-I and HTLV-IIc

Syphilis RPR or anti-treponemal antibody

a Test detects both IgM and IgG antibodies.
b Test may be performed on pooled specimens from 16–24 donors.
c Test detects only IgG antibodies.
HTLV, human T-cell lymphotropic virus; RPR, rapid plasma reagin.

TABLE 91.5
RATES OF VIRAL TRANSMISSION BY 
TRANSFUSION OF SCREENED BLOOD

Estimated risk
of transmission

(per unit transfused)

Human immunodeficiency virus 1/1,779,000
Hepatitis C virus 1/1,613,000
Hepatitis B virus 1/171,000
Human T-cell lymphotropic 1/428,000

virus

Estimates are based on Dodd et al. (10), adjusted as recommended by
Glynn et al. (11) to reflect a mix of 80% repeat donors and 20% first-
time donors with a two-fold increased incidence of new infections in
first-time donors.
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parasite Babesia may be much more common. Investiga-
tional testing for West Nile virus (WNV) RNA was imple-
mented in 2003 following documented transmission of
this agent during the 2002 epidemic. Concern about trans-
mission of other infectious agents, such as new retroviruses
or prions, has also been raised. The AIDS epidemic gener-
ated a heightened awareness of the importance of main-
taining surveillance for new emerging pathogens and of
continually assessing the need for additional donor testing
or blood product processing. Additional nucleic acid-based
donor screening tests and/or processes that inactivate resid-
ual pathogens in blood products are likely to be used in the
future.

Transfusion Options

Autologous Blood

Autologous blood is blood collected from patients and
retained for their own use. In general, this is the safest
transfusion option because it eliminates the potential for
transmission of viral infection and for most transfusion re-
actions. The benefits of autologous transfusion are limited
by the extremely low risk for transmission of viral disease
associated with allogeneic blood transfusions and by the
high likelihood that many patients will die of their under-
lying disease before a transfusion-transmitted virus will be-
come clinically manifest. The cost of autologous collection
strategies must be weighed against the limited benefits.
Analyses suggest that autologous transfusion is most cost
effective in the youngest patients (12). In some patients,
the risks of autologous collection and transfusion may out-
weigh the potential benefits; examples include patients
who are too ill to tolerate the donation process safely or pa-
tients with bacterial infections whose products may be con-
taminated.

Designated (Directed) Donations

Some patients request that their friends or relatives donate
blood products specifically for their use. These so-called
designated or directed donors must pass all the same ques-
tions and tests that volunteer community donors do. The
rates of infectious disease markers in directed donations are
not lower than those in donations from volunteer commu-
nity donors. On the contrary, there is a concern that di-
rected donations are potentially less safe because such
donors might be more reluctant to admit to risky behaviors
that could result in the deferral of their donation. Patients
who ask friends and relatives to donate may actually com-
promise their own safety if they put undue pressure on
these people to donate. Blood components from desig-
nated donations are usually released for general transfu-
sion if not needed by the intended recipient. All directed
donations from blood relatives of the recipient must un-

dergo gamma irradiation to prevent transfusion-related
graft-versus-host disease.

COST CONSIDERATIONS IN
TRANSFUSION MEDICINE

Since the mid-1980s, public fears of transfusion-transmit-
ted HIV have fueled an increase in government regulation
of the blood industry, the application of many additional
donor screening tests, and the commercial production of
recombinant and virally inactivated plasma protein prod-
ucts. This has dramatically increased the safety of blood but
also has raised the cost of blood products. Today, the ac-
quisition cost of leukocyte-reduced red blood cells is
$200–$300 per unit. Irradiation adds further costs to each
product. Commercial products can cost thousands of dol-
lars per dose. Blood products constitute a significant pro-
portion of the total operating costs of hospitals. Therefore,
cost containment considerations, as well as risk-versus-
benefit concerns, often enter into discussions of transfu-
sion guidelines. The general guideline of “using only what
is necessary” is, of course, applicable. In addition, however,
the cost effectiveness of expensive options such as autolo-
gous, designated, recombinant, or pathogen-inactivated
products should be evaluated rationally.

CONCLUSIONS

Although blood transfusions continue to save many lives,
the field of transfusion medicine has changed dramatically
in recent years. Concern in the 1980s about transfusion-
related infection led to stricter guidelines regarding indica-
tions for transfusion, such that transfusions are now
recommended only when absolutely necessary. Similar
safety concerns catalyzed the addition of a number of
mandatory blood screening procedures, including assays
for the presence of selected infectious agents, so that the in-
cidence of life-threatening transfusion-related infections is
now extremely low. New methods for preparing blood
products, including genetic engineering and viral inactiva-
tion technologies, have led to the availability of numerous
alternative forms of blood products with improved potency
and safety, but almost all these products are substantially
more expensive than standard blood components. There-
fore, when considering transfusion alternatives, physicians
must carefully weigh both benefits and costs.

KEY POINTS

■ The need for volume replacement should be distin-
guished from the need for blood components.

■ In cases of acute bleeding, red cells are the first blood
component to be considered for replacement.

Chapter 91: Principles of Transfusion Medicine 915

26410 ch 091  3/12/05  12:45 PM  Page 915



■ Red cell transfusion is usually indicated in patients with
hemoglobin levels below 6 g/dL and is usually not indi-
cated in patients with hemoglobin levels above 10 g/dL.
In patients with hemoglobin levels between 6 and
10 g/dL, the need for transfusion of red cells should be
assessed on a case-by-case basis.

■ The risk for transmission of known viral agents by fresh
blood components is now extremely low.

■ Recombinant plasma proteins may be safer than pooled
plasma products but may also be extremely expensive.

■ The cost effectiveness of transfusion options such as au-
tologous donation is limited by the extremely low risk
for transmission of viral disease by allogeneic blood
components.
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Oncologic Emergencies
Judith A. Luce

INTRODUCTION

Cancer is a common disease and a common cause of hos-
pitalization for adults. Health care expenses for patients
having cancer are usually concentrated in the last few
months of life, when quality of life is declining and the
utility of hospital-based interventions may also be declin-
ing. Therefore, it is important that physicians evaluating
cancer patients with acute, potentially life-threatening
complications carefully consider the context in which
these complications present. What is the patient’s short
and long-term prognosis? What are the patient’s wishes
for the final days of life? What alternatives remain for sys-
temic and local treatment of the patient’s problems? Is it
medically appropriate to treat the problem or not? The
optimum approach to these complex questions usually in-
volves consultation with a multidisciplinary management
team.

In most adult patients who present with oncologic
emergencies, cancer has already been diagnosed. Initial
presentations with the entities discussed in this chapter are
relatively uncommon, however, the cancers most likely to
cause these emergencies will be emphasized in order to
guide the physician who needs to make a tissue diagnosis
prior to initiating specific cancer-directed therapy. There is
little cost-effectiveness and outcomes research regarding
the treatment of oncologic emergencies. Therefore, imple-
menting many of the recommendations made in this
chapter depends on the status of individual patients. Am-
bulatory, well-supported patients with access to transporta-
tion and home care may receive treatment for many of
these conditions with minimal or no hospitalization. Oth-
ers require hospitalization to enforce bed rest or to ensure
compliance with more complex therapies or observation of
evolving problems such as neurologic symptoms. Clinical
judgment is of paramount importance.

This chapter covers cancer-related neurologic conditions,
pericardial effusion, superior vena cava syndrome, and hy-
percalcemia. Infections in the immunocompromised host

are covered in Chapter 63, and the tumor lysis syndrome is
reviewed in Chapter 94. When found early, these conditions
are often not truly emergencies, and the evaluation and
treatment can be carried out over several days. Even when
discovered very late, they may not be emergencies. For ex-
ample, neurologic injury may have progressed to the point
at which no intervention can restore function. The patients
for whom time is of the greatest importance are those whose
symptoms are severe but of very brief duration. Rapid re-
versal within hours may result in an outcome that restores
function, and delays may be critical.

NEUROLOGIC EMERGENCIES

Issues at the Time of Admission

Clinical Presentation

There are three cancer-related neurologic conditions that
may be regarded as emergencies: metastases to the brain,
spinal cord compression, and meningeal carcinomatosis.
Cerebral metastases are common, occurring in up to half of
all patients with cancer at the time of autopsy; the highest
rates occur in hematogenously disseminated cancers.
Breast cancer and lung cancer are the most common causes
of central nervous system (CNS) metastases, but the diag-
nosis should also be considered in advanced melanoma,
renal cell carcinoma, rectal cancer, and gastric cancer. As
many as one-fourth of patients with advanced cancer de-
velop symptomatic CNS disease.

Cerebral metastases may present with focal CNS deficits,
with global changes in mentation or behavior, or with
seizures. Headache, nausea, and dizziness are nonspecific
symptoms; difficulties with memory and other subtle
signs of CNS dysfunction may occur. Seizures are most
common in patients having multiple metastases, particu-
larly to the frontal lobe, and are rare in patients with le-
sions in the posterior fossa.

92
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Meningeal carcinomatosis may similarly present non-
specifically with nausea, headache, mentation difficulties,
or with seizures. A classic presentation is the presence of
asymmetric radiculopathy (lower motor neuron deficit) of
the cranial nerves and peripheral nerves. This presentation
may be quite rapid in onset and variable in severity.
Meningeal carcinomatosis occurs most often in breast and
lung cancer and in cancers with involvement of the verte-
bral bodies and retroperitoneum. Non-Hodgkin’s lym-
phoma and leukemia may also involve the meninges,
especially in advanced or relapsing disease. Meningeal car-
cinomatosis occurs in fewer than 5% of cancer patients.

Meningeal involvement must be distinguished from
spinal cord compression, which may also present with radicu-
lopathy that is asymmetric; however, spinal cord compres-
sion does not involve cranial nerves and may also be
accompanied by a sensory deficit. The most florid manifes-
tation of spinal cord compression is myelopathy, which
consists of sensory and motor loss below a specific spinal
level, accompanied by bowel and bladder dysfunction. Back
pain is an almost universal feature of spinal cord compres-
sion, but is rare in meningeal carcinomatosis. Most spinal
cord compression occurs in the thoracic spine (70%), but
cauda equina syndrome may result when the compression oc-
curs in the lumbar spine. The most common causes of spinal
cord compression are breast cancer, prostate cancer, lung
cancer, and lymphoma. Spinal cord compression may occur
in as many as 8% of patients with prostate cancer, and
slightly fewer with lung or breast cancer. Spinal cord com-
pression develops in approximately 20% of patients with
spread of cancer to the vertebral bodies.

Differential Diagnosis and Evaluation

Newly onset back pain in a patient having known
metastatic cancer should trigger an evaluation for spinal
cord compression. Evaluation of new back pain in patients
with known vertebral metastases results in a diagnosis of
cord compression in about 30% of patients with normal
neurologic findings. If the neurologic examination is nor-
mal and the pain is not severe, investigation can take place
on an outpatient basis, and should begin with a bone scan
and spinal radiography. The positive predictive value of ab-
normal bone scan is at least 40%, and the positive predic-
tive value of abnormal spine x-rays much higher.

The presence of any neurologic finding should prompt
performance of an MRI of the entire spine. All regions
should be imaged to rule out multiple synchronous metas-
tases, which may occur in as many as half of patients with
spinal cord compression. Benign fracture, disc disease, ab-
scess, and hematoma may be in the differential diagnosis,
and are usually readily distinguishable from cancer by an
MRI. MRI imaging is also a critical prelude to radiation
therapy treatment planning. Thus, this test must be per-
formed even when the physical examination, bone scan,
and plain radiographic findings are diagnostic.

Because of the overlap between the presentation of CNS
metastases and meningeal carcinomatosis, patients with
both presentations are usually first evaluated with an MRI,
which is the evaluation of choice for patients for whom the
suspicion is high for either condition. Computed tomogra-
phy (CT) is insensitive for the detection of meningeal
changes, and an MRI can detect CNS metastases smaller
than those seen on CT, thus potentially altering the treat-
ment plan.

The definitive diagnosis of meningeal carcinomatosis
involves large-volume lumbar puncture and CSF cytology.
Obtaining up to three large volume specimens (at least
5 mL) will provide a diagnosis in the vast majority of pa-
tients. Abnormalities such as low glucose and high protein
levels may be seen but are not diagnostic; cell counts are
not helpful unless other causes of meningitis are in the dif-
ferential diagnosis.

Some patients who present with neurologic emergencies
may require staging of the cancer in order to make therapy
decisions. This is particularly true if this is the first sign of
metastatic disease or the first diagnosis of cancer. Other pa-
tients may require formal evaluation of spinal stability by a
neurosurgeon or orthopedic surgeon, or formal considera-
tion of surgical intervention (Table 92.1). 

Indications for Hospitalization

Clear indications for hospitalization are listed in Table
92.2. Patients with minimal neurologic injury who are ca-
pable of self-care and whose symptoms are not rapidly
evolving may be evaluated and treated as outpatients, as
long as the evaluation will take place rapidly and therapy
is initiated within a few days. However, most patients are
admitted because evaluation is usually faster in the inpa-
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TABLE 92.1
WHEN TO CALL THE NEUROSURGEON IN
NEUROLOGIC EMERGENCIES

No tissue diagnosis available: needs biopsy
Possible resection of solitary CNS metastasis

Slow paced cancer
Primary site controlled or readily controllable
Low likelihood of significant neurologic injury due to resection
No other contraindications to craniotomy

CNS metastases, treatable cancer, evidence of imminent herniation
Cord compression, treatable cancer, rapid onset of severe 

neurologic injury (within hours)
Cord compression, unstable spine with potential for good 

functional outcome
Progression during radiation therapy and otherwise good

prognosis
Previous radiation therapy, local recurrence with otherwise good

prognosis
Need for insertion of Ommaya reservoir for intrathecal therapy of

meningeal disease
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tient setting and the necessary consultations may be ob-
tained rapidly. Intensive care unit admission is necessary
for neurological monitoring if the neurologic status is
evolving and the patient has not expressed wishes to the
contrary.

Initial Therapy

The mainstay of therapy for patients with neurologic emer-
gencies is bedrest and careful nursing observation. Patients
who are not ambulatory will require precautions for throm-
bosis, urinary retention, decubitus ulcers, and contractures.
Patients who are ambulatory but who have had rapid pro-
gression of symptoms may require frequent monitoring of
neurologic vital signs. Patients who have known or suspected
spinal cord compression must remain at bedrest until spinal
stability has been established, symptoms are not worsening,
and pain has been appropriately managed. All patients re-
quire evaluation by physical and occupational therapy for
treatment of functional problems.

Steroids have been shown to be effective initial therapy
of CNS metastases, which are often accompanied by con-
siderable surrounding edema. The usual drug is dexa-
methasone at a dose of 4 mg either orally or intravenously
every six hours. The utility of a loading dose or higher doses
has not been proven by clinical trials, but higher doses may
be necessary in patients on diphenylhydantoin because of
the associated accelerated metabolism of dexamethasone.

One clinical trial found no additional efficacy for total dex-
amethasone doses above 4 mg daily (1). Dexamethasone
can produce rapid neurologic improvement in up to half of
patients; this is generally regarded as a favorable sign for
potential neurologic recovery. The use of mannitol or other
drugs aimed at reducing intracranial pressure has not been
demonstrated to be beneficial. Management of patients
without steroids is possible if there is little or no cerebral
edema, but the preponderance of evidence suggests that
steroid-treated patients have better neurologic outcomes.

Dexamethasone may be of benefit to patients with
spinal cord compression, although this has not been
proven (2). Dexamethasone is of no benefit to patients
with meningeal carcinomatosis. Protracted dexamethasone
therapy should be accompanied by chemoprophylaxis for
Pneumocystis jirovecii (formerly P. carinii) pneumonia to
prevent this opportunistic infection. All patients who pre-
sent with seizures or who undergo resection of their CNS
tumors should receive anti-seizure therapy, but prophylaxis
for seizures is controversial, especially in low-risk patients.

Radiation therapy is the mainstay of treatment of patients
with spinal cord compression and cerebral metastases.
Spinal cord radiation is usually performed as multiple frac-
tional doses to a wide area surrounding the site of com-
pression. CNS radiation therapy may be administered as
whole brain radiation in fractionated doses or as localized
treatment of metastases (called stereotactic radiosurgery [or
“gamma knife”]), either alone or combined with whole
brain radiation. Patients who are eligible for the stereotac-
tic approach are those with potential for longer survival
(Table 92.3), and with less than 5–6 metastases, none
larger than 3 cm in diameter. The indications for either ap-
proach have not yet been standardized, and controversy re-
mains about whether the functional outcomes are better
with one or the other (3, 4).

Some cases of spinal cord compression may be success-
fully treated with systemic therapy. Previously untreated
small cell lung carcinoma and non-Hodgkin’s lymphoma
have been shown to respond well to chemotherapy as
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TABLE 92.3
PROGNOSTIC INDICATORS AND SURVIVAL IN PATIENTS WITH
CEREBRAL METASTASES TREATED WITH RADIATION THERAPY (6)

Median
Performance Primary tumor Other survival,

Class statusa Age controlled? mets? months

1 �70% �65 Yes No 7–10 months
2 �70% �65 Or not controlled No or yes 4–6 months
3a �70% �65 Yes No 6–8 months
3b �70% �65 Or not controlled No or yes 1.5–3
months

aPerformance status: �70% is out of bed, ambulatory, capable of self-care without assistance, though not
working.
Mets, metastases.

TABLE 92.2
INDICATIONS FOR HOSPITALIZATION
FOR NEUROLOGIC EMERGENCIES

Rapidly evolving neurologic changes, including seizures
Severe neurologic injury of recent onset
Inability to perform self-care at home
Unstable spine
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initial treatment. As adjuncts to radiation therapy, hor-
mone therapies may be used for breast and prostate cancer
patients. Prostate cancer patients without prior hormone
therapy benefit from treatment. However, only orchiec-
tomy or high-dose ketoconazole (800–1200 mg orally per
day) produce sufficiently rapid responses to help patients
with acute cord compression. Primary CNS lymphoma is
treated first with chemotherapy (the regimens usually in-
clude high-dose methotrexate) prior to considering irradia-
tion. Oral chemotherapy with temozolomide may benefit
certain patients with symptomatic CNS or meningeal
metastases who have failed previous radiation therapy (5).

Meningeal carcinomatosis is treated with radiation ther-
apy to the site of greatest involvement—the whole brain if
cranial neuropathies are present, or on the spinal cord if pe-
ripheral radiculopathy is the presenting problem. Total cra-
nial and spinal irradiation is not usually performed
because of marrow suppression. In addition to radiation
therapy, intrathecal chemotherapy is administered, usually
through a ventricular Ommaya reservoir. Placement of this
device by neurosurgeons through a burr hole in the skull is
a low-risk procedure that is well tolerated by most patients.
Chemotherapy is placed in the reservoir two or three times
weekly until cytology of the CSF shows either no response
or clearance of malignant cells. The complications of an
Ommaya reservoir include infection and meningeal irrita-
tion. Although chemotherapy may also be administered
through repeated lumbar punctures, this is less well toler-
ated and less likely to ensure even distribution of the cyto-
toxic drugs.

Indications for Early Consultation

Oncology consultation is essential to making the critical
early decisions about whether and how to treat patients
with neurologic emergencies. Many patients who are at risk
for oncologic emergencies are already under the care of an
oncologist, and the oncologist will order and administer
chemotherapy for appropriate patients with neurologic
emergencies. Radiation therapy consultation is appropriate
for nearly all patients with neurologic emergencies, because
even if surgical resection is undertaken, it will usually be
followed by consolidation radiation therapy unless the pa-
tient has already received radiotherapy. The indications for
neurosurgical intervention are listed in Table 92.1. Physical
and occupational therapy consultations are also needed in
most patients with neurologic signs and symptoms.

Issues During the Course of Hospitalization

Neurologic signs or symptoms may progress while patients
are undergoing treatment. When the spinal cord is com-
pressed, the most widely accepted surgical therapy is poste-
rior decompression by laminectomy. This is usually well
tolerated and successful if the underlying neurologic injury

is mild or very recent. Neurosurgical intervention to de-
compress the brain in patients with threatened herniation
or to relieve symptoms of hydrocephalus in patients with
meningeal disease is controversial and much less likely to
result in good quality of life. Hemorrhage into vascular CNS
tumors may also occur during treatment, and is usually not
treatable. During the early phases of treatment, the patient’s
neurologic status should be monitored. In the event of de-
terioration, patients should be promptly re-imaged.

The treatment of spine instability is another complex is-
sue that may arise during hospitalization. If bony destruc-
tion by tumor has progressed to render ambulation unsafe,
a procedure to stabilize the spine must be considered. Gen-
erally, one of two approaches is employed: definitive at-
tempts to provide long-term stability with bone grafts and
other mechanical devices, or less invasive surgeries using
methacrylate and external appliances to attempt short term
stabilization. Some procedures combine these strategies,
and the precise procedure should be determined by the ex-
pertise of the consulting surgeon and the precise nature of
the lesion. However, all of these surgeries are more com-
plex than laminectomy for decompression. Stabilization
requires an anterior approach; for the thoracic spine it re-
quires thoracotomy. Whether these procedures are appro-
priate or will be tolerated by the patient is a decision that
must be made by a multidisciplinary team in consultation
with patients and their families.

Complications of steroid therapy and of bedrest, and
loss of neurologic function and performance status, fre-
quently arise during treatment of neurologic emergencies.
Most of these should be treated the same as in a patient
without cancer. One major exception might be the use of
aggressive supportive measures such as feeding tubes,
which requires discussion with patients and their families
regarding the overall aims of end-of-life support (Chapter
19). Radiation therapy to the thoracic spine and cervical
spine is usually accompanied by transient esophagitis; ra-
diation therapy to the lumbar spine may be accompanied
by nausea, diarrhea, and abdominal pain.

Discharge Issues

Patients with spinal stability and stable neurologic signs
and symptoms may be discharged home to complete their
radiation therapy as outpatients. Physical therapy, occupa-
tional therapy, and home nursing support may be offered
to patients for whom the potential for rehabilitation is
good. Hospice referral should be considered in appropriate
patients. Ambulation status at the time of admission is the
single most important predictor of post-discharge neuro-
logic status. Those who are ambulatory at the time of diag-
nosis tend to remain that way, and those who are not have
a varied, but markedly less favorable, outcome.

Survival following neurologic emergencies is generally
short. Patients with previously untreated (but highly treat-
able) cancers have the best survival rates and neurologic
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outcomes. For spinal cord compression, these patients are
those with newly diagnosed small cell lung cancer, breast
cancer, and prostate cancer, as well as those with Hodgkin’s
or non-Hodgkin’s lymphomas. Neurologic outcomes are
good with chemotherapy alone in patients with small cell
lung cancer and lymphomas, although radiation therapy
may also be given. Pain relief should be achievable, even
for less treatable cancers. Patients may have recurrence at a
previously treated site if their cancer recurs. This occurs in
about half of the patients with metastatic prostate cancer, at
an average of approximately 2 years. Survival is shorter in
patients with paraplegia and incontinence, and longer for
ambulatory patients and patients with only a single site of
vertebral metastasis.

Survival data for CNS metastases treated with radiation
therapy, with or without surgery, have been reported in
several large patient series (Table 92.3) (6). Patients with
solitary (without systemic disease) cerebral metastases who
have undergone resection and irradiation have a median
survival of more than a year. Patients for whom surgery is
not possible have an average survival of 6 months, and rel-
atively high rates of recurrence of neurologic symptoms.
The outcomes are very dependent on the age of the patient
and the severity of neurologic symptoms. Less radiation-
responsive tumors have the poorest survival, and there is
little evidence that radiation therapy enhances survival in
patients with such tumors.

Meningeal carcinomatosis has the worst prognosis of
all: only a few months for patients with treatable malig-
nancies, and a few weeks for patients with tumors that gen-
erally do not respond well to intrathecal chemotherapy. Pa-
tients with leukemia or lymphoma have the best outcomes,
followed by patients with small cell lung cancer and breast
cancer. Others have very poor short-term prognoses.

PERICARDIAL EFFUSION AND
TAMPONADE

Issues at the Time of Admission

Clinical Presentation

The presentation of pericardial tamponade in cancer pa-
tients is quite varied (the entity of tamponade is described
more fully in Chapter 46; this section focuses on malig-
nant pericardial disease). The classic findings of Kuss-
maul’s sign, narrow pulse pressure, pulsus paradoxus and
ECG findings of low voltage may be present. However,
tamponade in cancer patients may also present as left- or
right-sided heart failure, or with more subtle findings in-
cluding fatigue, dyspnea, failure to thrive, and hiccups.
Chest pressure, anxiety, and dyspnea may lead to a suspi-
cion of coronary ischemia. Patients may even complain of
upper gastrointestinal symptoms. Suspicion may be raised
only by an enlarging cardiac silhouette on a chest x-ray.

These protean manifestations are part of the reason that
pericardial disease in cancer patients is diagnosed more
often post-mortem than in life.

Differential Diagnosis

Patients who have received mediastinal radiation therapy
have a significant risk of benign pericardial inflammation,
especially if 4,000 or more cGy have been delivered to a
considerable area of the heart. Pericarditis may be acute,
appearing during or immediately after the treatment; or
chronic, with a delay of a few months to many years. Viral
and bacterial causes of pericarditis should be considered,
especially in immunosuppressed patients. The possibility
of constrictive pericarditis due to fungal or mycobacterial
organisms should be entertained in the appropriate risk
groups.

The initial step in the diagnosis of pericardial effusion
and tamponade is echocardiography. This may demon-
strate thickened pericardium and pericardial fluid. Signs of
tamponade physiology, including paradoxical septal mo-
tion, right atrial collapse, and low stroke volumes, should
be sought. Pericardiocentesis should be performed at the
time of initial echocardiography, especially if the patient is
hemodynamically compromised (see Chapter 46). CT or
MRI scanning of the thorax may assist in the diagnosis but
should not be done in preference to echocardiography (7).

The definitive diagnosis rests in part on the clinical cir-
cumstances and in part on the pericardial fluid cytology.
Patients with bulky thoracic tumors or extensive mediasti-
nal involvement who have not had previous irradiation
and who lack evidence of infection are highly likely to have
malignant pericardial effusion, even if the first fluid cytol-
ogy is not diagnostic. The fluid in malignant pericardial
disease is often bloody. Because cytology is relatively in-
sensitive, if the first sample is negative and there is reason
to question the diagnosis, repeat pericardiocentesis should
be performed.

Indications for Early Consultation

Cardiology consultation should be part of the initial evalu-
ation of patients with confirmed or suspected pericardial
tamponade, while hemodynamically compromised pa-
tients require CCU admission. Thoracic surgery consulta-
tion may be necessary if patients have failed initial therapy
or have evidence of pericardial constriction (see the section
on “Treatment” below).

Issues During the Course of Hospitalization

Treatment

There are many choices for treatment of pericardial tam-
ponade, as shown in Table 92.4. Needle drainage and
catheter drainage are the most common initial steps, and are
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generally successful in restoring hemodynamic function.
For the majority of patients, a single drainage procedure is
sufficient to resolve the problem, and it does not recur (8).
Some clinicians routinely use a sclerosing agent, usually
doxycycline, at the end of the initial drainage. However,
sclerosis is quite painful and may not be necessary. Sclero-
sis with chemotherapy or radiopharmaceuticals is a great
deal more expensive and has not been shown to be superior
to no sclerosis or doxycycline. Pericardial catheters are usu-
ally not left in longer than about 72 hours because of the risk
of infection. Drainage with or without sclerosis is the least
costly approach to malignant pericardial effusion (8).

If more than 20–25 mL of fluid continue to drain from a
pericardial catheter daily, or if the fluid reaccumulates
rapidly, a more definitive drainage procedure should be
considered. The most common of these is subxiphoid peri-
cardiotomy, a surgical procedure in which the pericardium
is opened inferiorly and drained into the peritoneal cavity
through the membranous portion of the diaphragm. This
procedure is minimally invasive; it is usually performed us-
ing a percutaneous balloon catheter, although a minimally
invasive surgical technique is also available.

Thoracotomy and surgical “window” placement or peri-
cardial stripping may be offered to selected patients who
are not only able to tolerate a much more invasive proce-
dure but who are also reasonably likely to have enough
quality of life remaining to benefit from such surgery. Pa-
tients with constrictive pericarditis may be candidates for
such a procedure. The rare patient who fails subxiphoid
drainage may also benefit.

After the initial drainage procedure, local or systemic
therapy may be used to resolve pericardial effusion and tam-
ponade. Cancers for which effective therapy exists are usu-
ally treated in this manner. Radiation therapy may be used
to a limited extent in previously untreated patients. Most
healthy hearts will tolerate 1,800–2,500 cGy, and this dose
may allow some patients with responsive diseases to remain
asymptomatic. Other supportive measures are similar to
those for patients having benign pericardial tamponade.

Discharge Issues

Patients who are hemodynamically stable and have under-
gone the final therapeutic maneuver may be discharged
home. Those who are well enough to be sent home should
be followed by visiting nurses until it is clear that pericar-
dial fluid is not rapidly reaccumulating and hemodynamic
compromise reoccurring. Nursing facility or hospice place-
ment may be an option for patients who have no further in-
tervention planned.

The prognosis of patients with pericardial effusion and
tamponade depends on their underlying disease. Patients
with treatable cancers such as lymphoma usually enjoy a
relatively long survival. The exception is HIV-infected pa-
tients with primary effusion lymphomas who present with
tamponade. Most solid tumors are bulky and at a terminal
stage when tamponade occurs; survival times are very
short, usually less than 6 months.

Appropriate follow-up of patients who have had an
episode of tamponade is difficult. Since many of these pa-
tients are very close to the end of their lives, further testing
for recurrence may not be appropriate. On the other hand,
vigorous, active patients may wish to have echocardio-
graphic follow-up in order to avoid emergency hospitaliza-
tion. These decisions must be made individually, since
there are few data to provide guidelines.

SUPERIOR VENA CAVA SYNDROME

Issues at the Time of Admission

Clinical Presentation

Superior vena cava syndrome (SVCS) is the oncologic emer-
gency most likely to be the first symptom of cancer. As many
as half of the patients with SVCS do not have a pre-existing
cancer diagnosis. SVCS is a clinical diagnosis. Patients com-
plain of dyspnea, and present with facial and upper extrem-
ity swelling. Occasionally, patients may complain of cough,
chest tightness, or other symptoms caused by the tumor in
the thorax. Physical findings typically consist of venous dis-
tention across the upper chest and neck, facial edema and
plethora. Arm edema is present in approximately 15% of pa-
tients. Patients may have other physical findings caused by
the mass within the thorax, including signs of airway ob-
struction, pleural effusion, or volume loss.

Differential Diagnosis

SVCS is usually due to cancer in the modern era, but non-
malignant causes are still found in about 15% of patients.
Thrombosis around central lines is a common event that
may cause SVCS. Histoplasmosis and other chronic in-
flammatory diseases cause the remainder of the benign
cases.
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TABLE 92.4
SURGICAL TECHNIQUES FOR
TREATMENT OF MALIGNANT
PERICARDIAL EFFUSION

Catheter drainage
One-time; removed the same day
Simple catheter drainage until “dry”
Catheter drainage with sclerosis
Catheter drainage with repeated sclerosis

Percutaneous balloon catheter pericardiotomy
Subxiphoid pericardiotomy
Thoracotomy with

Pericardial “window”
Pericardiectomy
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Most cases of malignant SVCS are caused by lung cancer,
usually small cell lung cancer. It has been estimated that
SVCS occurs in more than 20% of patients with small cell
lung cancer. Non-Hodgkin’s lymphomas account for
7%–10% of cases of SVCS, and breast cancer for another
10%. Rare causes include germ cell tumors of the medi-
astinum, thymoma, and Hodgkin’s disease.

Chest x-rays are abnormal in 85% of cases of SVCS. Su-
perior mediastinal widening is seen in the majority of
cases, and right hilar mass or pleural effusions are common
findings. Anterior mediastinal mass should be a clue to thy-
moma, lymphoma, or germ cell tumor. Cardiomegaly is
occasionally seen.

CT of the thorax is the most important diagnostic tool.
In addition to demonstrating the anatomy of SVCS, it ac-
curately guides both biopsy and radiation therapy. MRI is
not clearly superior to CT for this purpose and is much less
widely used.

Because SVCS is often the first sign of cancer, priority
should be given to making a tissue diagnosis. Sputum cyto-
logy and fine needle aspiration are the most commonly used
and highest yield techniques. The yield of sputum cytology
in suspected lung cancer might be as high as 50%. Lymph
nodes in the supraclavicular and axillary areas should be
sought; fine needle aspiration biopsy of these is useful when
they are present. If pleural effusion is present, thoracentesis
may produce a histologic diagnosis. Bronchoscopy can be
safely performed if the patient is suspected of having lung
cancer, and has a high yield in SVCS (about 50%).

If these less invasive procedures are not helpful diagnos-
tically, it may be necessary to obtain tissue from within the
thorax. The safest technique is CT-guided fine needle aspi-
ration biopsy. Either mediastinoscopy or limited anterior
thoracotomy can be safe and highly effective ways to estab-
lish a diagnosis. Neither procedure is associated with a sig-
nificant increase in serious complications in patients with
SVCS, although rare patients do require additional surgical
intervention.

Although as many as half of all patients with SVCS have
some thrombus in association with the obstruction to
blood flow, the identification of thrombus is of no clinical
or therapeutic significance (see the section on “Issues Dur-
ing the Course of Hospitalization” below). Venography
may be performed as part of the evaluation to identify can-
didates for vascular stenting.

Initial Therapy

Routine care of patients with SVCS includes bed rest with
elevation of the head of the bed, oxygen therapy as indi-
cated, and other comfort measures for relief of pain and
cough. Steroids and diuretics have been used for symptom
management, although no clear data support their benefit.

Anticoagulation is controversial. The routine use of hep-
arin or warfarin anticoagulation has not been shown to
hasten the relief of symptoms, and thrombolysis is risky

and without proven benefits. Life threatening pulmonary
embolization is highly unusual in patients with SVCS, and
anticoagulation may delay efficient diagnosis and treat-
ment. In contrast, when SVCS in cancer patients is caused
by thrombosed central lines, this entity is quite effectively
treated with local thrombolysis followed by heparin and
warfarin. Removal of the catheter is necessary only if the
clot fails to lyse. The use of angioplasty has been reported,
although the expertise and experience necessary to safely
perform this procedure is not widely available.

Vascular stenting as initial therapy for SVCS is also con-
troversial. Insertion of a stent produces rapid relief of
symptoms for 95% of patients with SVCS due to lung can-
cer (9). Long-term complications of stent placement, in-
cluding rates of thrombosis or reocclusion rates, have not
been well established. Whether cancer patients with supe-
rior vena cava stents should all receive anticoagulation re-
mains an unanswered question. Most experts recommend
that stents be the initial therapy when patients have re-
curred after radiation treatment of SVCS, when patients
have SVCS due to cancers that are not likely to respond to
radiation and chemotherapy, or when radiation therapy
might be uniquely burdensome. There are no cost compar-
ison studies and no long-term follow-up studies of stent
placement.

SVCS caused by small cell lung cancer and by lymphoma
is treated with chemotherapy, and clinical resolution oc-
curs just as rapidly as with radiation therapy. Radiation
therapy is the primary treatment for all other malignant
causes, although chemotherapy is increasingly used con-
currently for diseases such as non-small cell lung cancer.
Radiation and/or chemotherapy of SVCS in non-small cell
lung cancer results in relief of symptoms for more than
60% of patients. The initiation of either chemotherapy or radi-
ation therapy should be prompt, but SVCS is not so urgent as to
mandate treatment immediately (i.e., especially prior to mak-
ing an accurate tissue diagnosis).

Issues During the Course of Hospitalization

The signs and symptoms of patients with SVCS begin to re-
solve in 5–7 days after the start of treatment. Resolution of
symptoms is not necessarily accompanied by radiographic
change; thus, there is no indication to follow the chest x-ray
frequently. Complications of radiation therapy include
esophagitis, bone marrow suppression, fatigue, and mild
immunosuppression. These side effects are treated expec-
tantly. Patients who have large lung cancers are at risk of
developing bronchial obstruction or pneumonia during
treatment. Clinically apparent pulmonary embolism as a
complication of SVCS is rare, but should be treated con-
ventionally if it occurs (Chapter 53). Most patients with
SVCS should receive prophylaxis for deep venous throm-
bosis while they are at bedrest.

Patients may fail to respond to treatment because of for-
mation of thrombus, refractoriness of the primary tumor,
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or hemorrhage or edema around the primary tumor that
further occlude the vena cava. The assumption that treat-
ment is failing should not be made until at least two weeks
of radiation therapy has been delivered, since responses to
radiation may still occur. The evaluation of patients with
poor responses should include repeat chest CT and possi-
bly venography.

Patients whose SVCS recurs after an initial response, and
patients who have failed to respond to radiation, are can-
didates for vascular stent or surgical intervention. Several
types of vascular stents have been developed. Stenting is
clearly less invasive than surgical options (such as thora-
cotomy with vascular excision and grafting or SVC bypass),
although individual anatomy may not always permit stent
placement. Complications of stents and grafts include in-
fection, stent migration, mediastinitis, graft failure, perfo-
ration, and thrombosis. Patients must be carefully selected,
and the extent of institutional expertise considered.

Discharge Issues

Patients who are physiologically stable while being treated
for SVCS may be discharged home. Outpatient radiation
therapy and chemotherapy may be augmented by home
nursing visits if necessary. The response to treatment is fol-
lowed clinically. Repeated imaging of the tumor is planned
as needed to evaluate further therapy. Analgesia for
esophagitis should be offered prophylactically; the pa-
tient’s oral intake and hydration may require monitoring
once esophagitis occurs.

The prognosis of SVCS depends on the cause. Small cell
lung cancer and lymphoma are highly responsive to initial
therapy, potentially curable, and often accompanied by
durable remissions. Non-small cell lung cancer is much less
responsive, and relapse is common. Seventeen percent of
small cell lung cancer patients and 19% of non-small cell
lung cancer patients experienced recurrence of SVCS after
treatment (9). SVCS caused by other cancers responds vari-
ably, depending on whether effective treatment is available.
Thymoma has a variable natural history, and survival may be
long even when treatment is relatively ineffective. Extrago-
nadal germ cell tumors are treatment-responsive, but have a
much worse prognosis than testicular germ cell tumors.

HYPERCALCEMIA

Issues at the Time of Hospitalization

Etiology

Hypercalcemia is the most common life-threatening
metabolic emergency in cancer patients. Its incidence is
highest in patients with breast cancer and multiple
myeloma, 40% of whom may have hypercalcemia during
the course of their illness. Hypercalcemia is less common in

non-small cell lung cancer, squamous carcinomas of other
sites, and renal cell carcinoma, and is rare in prostate can-
cer, pancreatic cancer, and other gastrointestinal cancers.

The most common cause of cancer-related hypercal-
cemia is tumor production of parathormone-related protein
(PTH-rp), a peptide that shares the N-terminal 8–13
residues with human parathormone, is abundant in many
normal tissues, and has unknown physiologic function. Pa-
tients with measurable levels of PTH-rp may also display
phosphaturia, hypophosphatemia, and other parathor-
mone-related abnormalities. Other pathways that cause in-
creased bone resorption and release of calcium may be
important to the pathogenesis of hypercalcemia in malig-
nancy. Tumors may produce mediators such as calcitriol
(in Hodgkin’s disease), prostaglandins, cytokines such as
TGF-�, interleukin-6, and tumor necrosis factor, all of
which may result in the hypercalcemia of malignancy.

Clinical Presentation

Patients with hypercalcemia have a wide range of present-
ing signs and symptoms, related to the severity of hypercal-
cemia. At low levels of hypercalcemia, patients may exhibit
only fatigue, anorexia, constipation, mild nausea, and
polyuria. Symptoms may be more progressive and severe if
the hypercalcemia is more sudden in onset. As levels of cal-
cium increase, CNS symptoms dominate, including
lethargy, muscle weakness, confusion, psychosis or delir-
ium, and coma. Volume depletion is a prominent feature of
hypercalcemia, because of the combination of anorexia,
isosthenuria, and nephrogenic diabetes insipidus. Hy-
potension and ECG changes are generally seen late in the
illness.

Differential Diagnosis and Evaluation

Most patients hospitalized with symptomatic hypercal-
cemia have a known cancer diagnosis. The evaluation of
patients who present with hypercalcemia and do not have
a cancer diagnosis begins with a careful history and physi-
cal examination. Such often present with readily observ-
able physical findings and symptoms to suggest the
presence of cancer. Laboratory data should include com-
plete blood count, differential and platelet counts, measures
of renal function, a chest radiograph, urinalysis, and serum
protein electrophoresis if other laboratory data are normal.
Additional imaging studies should be chosen based on
symptoms, signs, and laboratory abnormalities. Serum PTH
and PTH-rp levels may be measured, but are rarely necessary
to prove the source of malignant hypercalcemia.

Indications for Hospitalization

Patients with mild hypercalcemia may be treated as outpa-
tients, provided that they are able to increase their intake of
salt and water adequately and the diagnosis is clear. Most
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patients with moderate-to-severe hypercalcemia require
hospitalization for adequate volume repletion and rapid
correction of the problem. Any patient with significant ele-
vation in serum creatinine or inability to hydrate them-
selves adequately must be admitted, regardless of the
serum calcium level.

The most common acute problems in patients with al-
tered mental status and hypercalcemia are complications of
stupor, including aspiration pneumonitis and falls. These
must be anticipated when deciding whether to admit. The
processes that may trigger hypercalcemia in an otherwise
stable outpatient include intercurrent illnesses, immobi-
lization, use of diuretics (especially thiazides), and admin-
istration of hormonal therapy to breast cancer patients. The
presence of any of these comorbidities should also be a fac-
tor in the decision to admit a patient.

Initial Therapy

Volume repletion with normal saline is the single most im-
portant therapy for hypercalcemia. Patients are usually
moderately to severely volume depleted, and, because na-
triuresis increases calcium excretion, normal saline is the
fluid of choice. The early use of furosemide is contraindicated,
as it may actually reduce the amount of calcium that is ex-
creted and worsen volume depletion. Close monitoring of
patients with heart disease and renal insufficiency is neces-
sary, at times in an ICU setting, but initial therapy must in-
clude vigorous volume resuscitation despite the risk for
fluid overload.

Pharmacotherapy directed at reducing serum calcium
levels is outlined in Table 92.5. Calcitonin is the drug of
choice for very rapid reduction in calcium levels, because
all other agents require about 48 hours to take effect.

Calcitonin use cannot be sustained due to the rapid devel-
opment of tachyphylaxis. The aminobisphosphonates zoled-
ronate and pamidronate are the most commonly used drugs
for hypercalcemia because of their potency, long duration
of action, and safety in the presence of mild renal failure.
All of the drugs used for hypercalcemia have comparable
costs. Plicamycin is the only drug that may be used in pa-
tients with severe renal failure. Steroids are potent
inhibitors of calcitriol and should be employed for the
treatment of hypercalcemia in patients with Hodgkin’s dis-
ease. Steroids may have an anti-tumor effect in other hema-
tologic malignancies and are useful when combined with
other pharmacotherapy for hypercalcemia.

Patients hospitalized for hypercalcemia should receive
close monitoring of their neurologic status, renal function,
and urine output. Low calcium diets may be ordered, al-
though patient acceptance is poor. However, milk and
other very high calcium foods should be eliminated. Be-
cause bedrest increases mobilization of calcium from the
skeleton, it is discouraged unless the patient’s mental status
is too depressed to safely allow sitting or ambulation.

Indications for Early Consultation

Severe hypercalcemia (greater than 15 mg/dL) is a potential
indication for hemodialysis. Patients who have coma, se-
vere renal failure, electrocardiographic changes, or who
cannot receive aggressive hydration should be considered
for dialysis. Patients who have hypercalcemia along with
other standard indications for acute dialysis due to renal
failure should be treated with hemodialysis. The effect of
dialysis on calcium is transitory, and all such patients must
also be treated aggressively with drugs to lower their cal-
cium levels.
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TABLE 92.5
DRUGS FOR TREATMENT OF HYPERCALCEMIA

Drug Dose Precautions/Comments

Zoledronate 4–8 mg IV Agent of choice due to greatest potency, most 
over 15 min rapid action, longest duration, ease of use

Use up to a creatinine of 4.5
Flu symptoms, myalgias, bone pain

Pamidronate 60 or 90 mg Use up to a creatinine of about 3.0
IV over 2–4 hours Takes 48–72 hours

Myalgias, arthralgias most common side effects
Calcitonin 4–8 units/kg sq every Tachyphylaxis at 48–72 hrs

6–12 hours Mild nausea, rare hypersensitivity
Etidronate 7.5 mg/kg IV over Less potent than pamidronate; rarely used

2–4 hrs qd Oral may be used for maintenance
for 3–5 days

Plicamycin 25 mcg/kg IV � 1 Thrombocytopenia in some patients. Vesicant; 
(mithramycin) (repeat in 5–7 d) requires careful administration.
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Consultation for cancer diagnosis and management is
likely to be needed during hospitalization. Effective long-
term control of hypercalcemia is best achieved by effective
treatment of the underlying cancer.

Issues During the Course of Hospitalization

Failure to respond to initial treatment of hypercalcemia is a
common and potentially serious problem. The patient’s
volume status should be carefully reassessed to be sure that
repletion has been adequate. Failure to correct volume de-
pletion and produce natriuresis is the most common cause
of unresponsiveness to treatment. Poor renal function can
also decrease calcium excretion, and this is an indication
for hemodialysis. Patients with clear evidence of volume
overload should be treated with furosemide. The addition
of calcitonin to an aminobisphosphonate-treated patient
may improve early responses. In one large series, failure to
respond to drug therapy was associated with a 100% in-
hospital mortality (10).

Volume overload, hypokalemia and hypomagnesemia,
and complications of stupor and coma are additional prob-
lems in patients treated for hypercalcemia. Careful moni-
toring of intake and output and electrolytes is important,
and assessment of volume status is crucial during the first
few days of treatment.

Treatment of the underlying malignancy may compli-
cate the hospital course. Chemotherapy and hormone ther-
apy may have an impact on the disease process. Studies of
outcome in patients with hypercalcemia and cancer show
conclusively that the only patients who enjoy long survival
are those whose cancer is successfully treated (10).

Discharge Issues

Patients are ready for discharge when they are capable of
being supported at home. Home nursing and home hos-
pice are frequently needed. Further treatment of hypercal-
cemia may not be undertaken in hospice patients, and
outpatient prescriptions should be directed at palliating
other symptoms (Chapter 19).

Maintenance of normocalcemia is a goal for highly func-
tional patients at discharge, and may be accomplished
in a variety of ways. Patients who have chemotherapy-
responsive disease may not need further treatment of their
calcium, or may only need a single additional dose of a po-
tent drug such as an aminobisphosphonate. Patients with
mild hypercalcemia may be maintained with less potent
agents such as steroids or non-steroidal anti-inflammatory
agents, which may have a moderating effect on the hyper-
calcemia of squamous carcinomas. Intermittent outpatient
dosing of aminobisphosphonates has been advocated for
maintenance of normocalcemia, and has been shown to be
cost-effective as maintenance therapy for patients with ex-
tensive osseous disease, especially those with multiple
myeloma and breast cancer. Oral etidronate therapy has

also been proposed for maintenance, although there are no
long-term studies of outcome.

Unfortunately, hypercalcemia of malignancy is often an
end-stage event. The average survival of patients hospital-
ized for hypercalcemia is 30 days. The addition of systemic
anti-cancer therapy only lengthens this survival to 135 days
(10). About half of the patients discharged from the hospi-
tal have relief of their hypercalcemic symptoms.

KEY POINTS

■ Magnetic resonance imaging is the method of choice for
the evaluation of neurologic emergencies in patients
with cancer.

■ The urgency of therapy for neurologic complications of
cancer is dependent on the duration and severity of the
neurologic deficit.

■ Treatment of neurologic emergencies may involve
surgery, radiation therapy, and chemotherapy.

■ Malignant pericardial effusion is treated most often with
catheter drainage or subxiphoid pericardiotomy.

■ Superior vena cava syndrome is recognizable clinically
and most often occurs in the setting of lung cancer.

■ Keys to successful treatment of hypercalcemia include
use of aggressive hydration with saline solution and po-
tent drugs such as aminobisphosphonates.
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Leukemia
David A. Rizzieri Gwynn D. Long Nelson J. Chao

INTRODUCTION

The term leukemia encompasses a number of diseases char-
acterized by the clonal proliferation of hematopoietic stem
cells, which results in the accumulation of abnormal
(leukemic) cells in the bone marrow and a decreased pro-
duction of normal blood cells. The four most common
types of leukemia are acute myelogenous leukemia, acute
lymphoblastic leukemia, chronic myelogenous leukemia,
and chronic lymphocytic leukemia. In general, patients
with chronic leukemia are treated on an outpatient basis.
The chronic leukemias, which are readily distinguished
from the acute leukemias by the clinical presentation and
blood smear findings (Table 93.1), are not extensively dis-
cussed in this chapter.

EPIDEMIOLOGY AND ETIOLOGY

Acute myelogenous leukemia (AML) is characterized by the
proliferation of primitive hematopoietic cells of myeloid
lineage, and acute lymphoblastic leukemia (ALL) by the
proliferation of primitive lymphoid hematopoietic cells.
The overall incidence of acute myeloid leukemia is 3.6 per
100,000 in the population, with a much greater incidence
in older people. Acute lymphocytic leukemia has an overall
incidence of 1.5 per 100,000 in the population, with a
much higher incidence in young children than adults (1).
Unfortunately, the majority of adults in whom acute
leukemia is diagnosed ultimately die of the disease.

The etiology of acute leukemia is unknown and is un-
doubtedly complex, including genetic and environmental
factors. Exposure to high levels of ionizing radiation is a
well-established risk factor. Increased rates of leukemia
have been observed in survivors of the atomic bombs and
in workers in the radium industry. Previous chemotherapy
with alkylating agents for other malignant diseases also in-
creases the risk for acute leukemia, as does industrial over-

exposure to benzene, carbon tetrachloride, and carbon
disulfide. The role of pesticide exposure is controversial,
but a higher-than-expected incidence of acute leukemia has
been observed in farmers and agricultural workers. A small
increased risk is also probably associated with smoking.
Several genetic syndromes, including Down syndrome,
Bloom syndrome, Fanconi’s anemia, and ataxia–telangiec-
tasia, are associated with an increased risk for the develop-
ment of acute leukemia. The risk associated with a family
history of leukemia is uncertain, and although there is an
increased risk for childhood leukemia in twins (especially
during infancy), no increased risk has been documented in
adult twins. Most patients, however, have no history of ex-
posure to any known risk factor (2).

CLASSIFICATION

AML and ALL are each divided into multiple subtypes
based on morphology, histochemistry, immunophenotyp-
ing by flow cytometry, and cytogenetics. However, cytoge-
netic description is replacing the French-American-British
Cooperative Group (FAB) system of classification of Acute
Leukemia (Table 93.2). Retrospective studies have found
that a normal white blood cell count, younger age, and
normal hemoglobin at presentation are favorable prog-
nostic factors. Cytogenetic analyses have furthered these
observations by allowing more in-depth risk assessment
based on survival statistics. Individuals with t(15;17) have
“FAB M3” or promyelocytic leukemia and do very well.
Unfortunately, overall only 20% of patients with other
types of AML survive long term. Leukemia patients with
(t[8;21] or inv[16]) are felt to have a high chance for cure
with standard therapy (55% 5-year survival with continu-
ous remission). Those with normal cytogenetics or t(9;11)
are at intermediate risk (24% 5-year survival in remis-
sion), and those with complex genetic changes or other
single abnormalities are felt to be at a very high risk for
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relapse (5% survival in remission at five years) (3). For
patients with ALL arising de novo, the overall long-term
survival is approximately 20%. Important unfavorable
prognostic factors in ALL include older age at onset, ma-
ture B-cell ALL, and a high white cell count at presenta-
tion. However, here too, cytogenetic analyses have further
defined outcomes based on the abnormalities found in
these patients. Adults with t(9;22) have less of a chance to
attain a remission and poorer long-term survival than
those with normal cytogentics or other changes. A slow re-
sponse time (longer time to attain remission) is the worst
prognostic factor (4).

GENERAL PRINCIPLES OF
MANAGEMENT

The goals of therapy of acute leukemia are to eliminate the
neoplastic clone and restore normal hematopoiesis. Therapy is
generally divided into two phases: the induction phase, de-
signed to achieve a complete remission; and post-remission
therapy, to prevent relapse and achieve cure. Complete re-
mission is defined as fewer than 5% blasts in the bone mar-
row and restoration of normal hematopoiesis with an
absolute neutrophil count of at least 1,500/�L and a
platelet count of 100,000/�L. The achievement of com-
plete remission is the only clinically significant response to
therapy and is a necessary first step toward cure. Post-
remission therapy (consolidation) attempts to eradicate
minimal residual disease. Patients with ALL are also treated
with more prolonged courses of lower-dose maintenance
chemotherapy. This chapter focuses on the issues involved
in the administration of induction therapy to a patient with
a newly diagnosed disease. The successful completion of
induction therapy depends on the ability to support pa-
tients through the many attendant complications associ-
ated with a 2- to 5-week period of pancytopenia.

ACUTE MYELOGENOUS LEUKEMIA

Issues at the Time of Admission

Adult acute myeloid (or nonlymphoid) leukemias typically
present after a few weeks of general decline in overall well
being as a consequence of either the leukemia itself or as-
sociated neutropenia, anemia, and thrombocytopenia. Fa-
tigue, malaise, bruising, and occasionally anorexia with
weight loss are reported. Presenting signs typically reflect
anemia (e.g., pallor of the skin), thrombocytopenia (e.g.,
petechiae or ecchymoses), or both. Adenopathy or fever
may also be present. Hepatosplenomegaly and lym-
phadenopathy are more common with ALL. Neurologic
symptoms are uncommon. A delay in diagnosis is com-
mon, but when symptoms persist and intensify or the
above signs are noted, a blood cell count and qualitative re-
view of the smear often reveal abnormalities that prompt
further analysis.

By the time patients present to the hospital for evalua-
tion and therapy, most will have some degree of anemia
and many are also severely thrombocytopenic. The white
blood cell count is variable, with approximately 20% of pa-
tients presenting with counts below 5,000/�L and fewer
than 20% with counts above 100,000/�L. Leukemic blasts
are nearly always found in the peripheral blood. The pro-
thrombin and partial thromboplastin times may be pro-
longed, especially in some forms of AML. Chemistries are
usually normal, although the uric acid may be elevated in
patients with high white blood cell counts.

Because of the variable nature of the presenting blood
cell counts, the differential diagnosis may remain broad
(Table 93.3). Review of the blood film and bone marrow
biopsy specimen from a patient with leukemia will show a
hypercellular marrow, lack of heterogeneity, and lack of
maturation with a significant increase in blast forms
(�30%), in addition to a suppression of normal precursors.

TABLE 93.1
SUMMARY OF CHARACTERISTICS OF THE TWO MOST COMMON CHRONIC LEUKEMIAS

Common laboratory
Diagnosis Clinical characteristics abnormalities Cellular characteristics Median survival

CML Median onset in fourth Increased WBC, low LAP Philadelphia �3–5 y
decade; fatigue, score, PB blasts (�30%), chromosome-positive
splenomegaly splenomegaly, hemolytic

anemia, thrombocytopenia
CLL Median onset in seventh Lymphocytosis and smudge CD5-positive B cells 10 y in early

decade; adenopathy, cells, �30% lymphocytes stage, 3 y in
splenomegaly, hepatomegaly in BM, anemia, advanced stage

thrombocytopenia

BM, bone marrow; CLL, chronic lymphocytic leukemia; CML, chronic myelogenous leukemia; LAP, leukocyte
alkaline phosphatase; PB, peripheal blood; Philadelphia chromosome, [t(9;22)]; WBC, white blood cells.
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In contrast, the bone marrow specimens of patients with
aplastic anemia, including those with an accompanying viral
infection, are very hypocellular. Cultures and tests based on
the polymerase chain reaction can rule out such viral infec-
tions. Myelodysplasia, a preleukemic condition, also is char-
acterized by a hypocellular marrow with ringed sideroblasts
and mildly increased blast counts, but not above the 30%
required for a diagnosis of acute leukemia. The history is

very important in elucidating any potential environmental or
medication exposures that might cause conditions that mimic
leukemia. Typically, slightly more variability and matura-
tion are found in the marrow and blood of these patients
than in patients with leukemia. Sarcoidosis and tuberculo-
sis are associated with the appearance of granulomas on
biopsy specimens of the marrow. In patients presenting
with high white blood cell counts, the differential diagnosis
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TABLE 93.2
FAB COOPERATIVE GROUP CLASSIFICATION OF ACUTE LEUKEMIA

FAB
subtype Description Morphology Histochemistry Immunophenotype Cytogenetics

AML-M0 Undifferentiated �30% agranular Negative CD13, 33, 34
blasts HLA-DR

AML-M1 Myeloblastic without �90% blasts with Sudan black CD13, 14, 15, 33, 34 Occasional inv(3)
Differentiation rare granules and Myeloperoxidase HLA-DR

Auer rods
AML-M2 Myeloblastic with 30%–90% blasts with Sudan black CD13, 15, 33, 34 t(8;21)

Differentiation granules and Myeloperoxidase HLA-DR
many Auer rods Chloroacetate

esterase
AML-M3 Promyelocytic �30% blasts with Myeloperoxidase CD13, 15, 33 t(15;17)

hypergranular (intensely positive)
promyelocytes

AML-M4 Myelomonocytic �30% blasts with �-naphthyl butyrate CD13, 14, 15, 33, 34 inv(16) in 
20%–80% of esterase HLA-DR eosinophilic
monocytic lineage variant
plus monocytosis 
in blood

AML-M5 Monocytic Large, often bizarre �-naphthyl butyrate CD13, 14, 33, 34 abnormal 11q23
cells, �80% esterase HLA-DR
monocytic lineage

AML-M6 Erythroid �50% of cells of Periodic acid Schiff CD13, 33, 41, 71 del(5)
erythroid lineage, HLA-DR del(7)
often dysplastic; Glycophorin A

� 30% of
nonerythroid 
cells are blasts

AML-M7 Megakaryocytic � 30% blasts of Platelet peroxidase CD41, 61 inv(3)
megakaryocytic by electron t(3;3)
origin microscopy trisomy 21

ALL-L1 Childhood form Small cells with TdT B cell: CD10, 19, 20, t(9;22)
minimal cytoplasm, 22, 34; HLA-DR; t(4;11)
no granules, and cytoplasmic t(1;9)
rare nucleoli immunoglobulin

T cell: CD2, 5, 7, 10, 34
ALL-L2 Adult form Larger cells with TdT B cell: CD10, 19, 20, t(9;22)

moderate amount 22, 34; HLA-DR; t(4;11)
of cytoplasm and cytoplasmic t(1;9)
prominent nucleoli immunoglobulin

T cell: CD2, 5, 7, 10, 34
ALL-L3 Burkitt’s type Large, round cells CD10, 19, 20, 21, 22 t(8;14)

with basophilic Surface t(2;8)
cytoplasm and immunoglobulin t(8;22)
vacuoles

ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; CD, clusters of differentiation; del, deletion;
FAB, French-American-British; HLA, human leukocyte antigen; inv, inversion; M0–M7 and L1–L3 denote leukemia
subtype; t, translocation; TdT, terminal deoxytransferase.
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In addition, flow cytometry of the aspirate (or of the pe-
ripheral blood if the number of circulating blasts is signifi-
cant) and standard cytogenetics should be requested. Other
initial laboratory studies should include a chemistry panel
including values for electrolytes, renal function, serum liver
chemistries, lactate dehydrogenase, calcium, phosphorus,
and uric acid; coagulation studies; type and screen; and uri-
nalysis. Blood and urine cultures should be obtained for all
febrile patients. Lumbar puncture is usually not carried out
as part of the initial workup. Rather, it is delayed until pe-
ripheral blood blasts have cleared to avoid confusing cen-
tral nervous system involvement with a “bloody” tap. A
chest radiograph should also be obtained for all patients.
Peripheral blood for HLA typing (A/B/DR) should be taken
from all patients at the time of diagnosis in anticipation of
the need for HLA-matched platelets and the need to iden-
tify a potential bone marrow donor. This initial evaluation
yields a combination of morphologic and cytogenetic data
that allow one to predict the course of an individual pa-
tient’s illness and determine appropriate therapy.

Initial Therapy

All patients with a new diagnosis of acute leukemia require
hospitalization. Initial management should concentrate on
stabilization of the patient and preparation for chemother-
apy with placement of central venous access. If severe ane-
mia (hematocrit �25 g/dL) or thrombocytopenia (platelets
�10,000/�L) or symptoms referable to the cytopenias
are present, then the patient should have a transfusion.
Filtered blood products (to prevent transmission of cy-
tomegalovirus and reduce the risk for allo-immunization
and nonhemolytic, febrile transfusion reactions) and irra-
diated blood products (to prevent transfusion-associated
graft-versus-host disease) should be used (Chapter 91).

If the patient is neutropenic (absolute neutrophil count
�1,000/�L) and febrile, a standard infectious evaluation
with blood cultures, urinalysis and culture, and chest ra-
diography, should be undertaken and broad-spectrum
antibiotics immediately begun (Chapters 63 and 64). A
careful physical examination (ruling out oral and rectal ab-
scesses) should also be included. All patients become neu-
tropenic following chemotherapy. The risk for infection is
influenced by the depth and duration of neutropenia and
by other factors, such as the presence of mucositis and in-
dwelling catheters. Although the definition of fever varies
across studies, we favor the initiation of empiric antibiotic
coverage in a patient with a temperature above 38.5°C or
three or more temperatures above 38.0°C in a 24-hour pe-
riod. Signs and symptoms of infection without fever should
also prompt administration of antibiotics in neutropenic
patients. The early use of antibiotics has reduced infection-
related mortality to 5%–10%, with most deaths from in-
fection occurring in patients with prolonged neutropenia.
In the past, the primary goal of therapy was the treatment
of Gram-negative bacterial infections. However, Gram-
positive organisms are also emerging as major causes of infection
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TABLE 93.3
DIFFERENTIAL DIAGNOSIS OTHER THAN ACUTE
LEUKEMIA BASED ON BLOOD CELL COUNTS

Pancytopenia (abnormally low counts of platelets, white cells, 
and red cells)

Aplastic anemia
Paroxysmal nocturnal hemoglobinuria
Parvovirus B19 infection (typically limited to or affecting red 

cells most severely)
Chronic infections (tuberculosis, cytomegalovirus, Epstein-Barr

virus)
Medications (trimethoprim-sulfamethoxazole, chlorambucil or 

other chemotherapeutic agents)
Autoimmune illnesses (sarcoidosis)
Myelodysplasia

Leukocytosis (abnormally elevated white cell count)
Stress (extreme environments)
Smoking
Exercise
Pregnancy
Severe nausea or vomiting
Chronic infections (parasites, fungus)
Medications (prednisone, digitalis, heparin)
Hemolysis/hemorrhage
Post-splenectomy
Metabolic conditions (gout, hyperthyroidism, ketoacidosis)
Plasmacytosis
Chronic myeloid leukemia

Lymphocytosis (abnormally elevated lymphocyte count)
Viral infection
Chronic lymphocytic leukemia
Hairy cell leukemia
Transformed lymphoma

is still broad (Table 93.3). However, a review of the history
coupled with the peripheral blood film and marrow find-
ings usually reveals the correct diagnosis.

The process of evaluation is outlined in Figure 93.1. An
early hematologic consultation should be obtained for all
patients in whom a diagnosis of acute leukemia is being
considered. A Wright’s-stained blood film revealing an in-
crease in blast forms is essential for a diagnosis of acute
leukemia. In addition, analysis of the peripheral blood or
marrow cells by flow cytometry is required to support the
diagnosis by proving monoclonality. Cytogenetic analysis
is also important because it provides information related to
prognosis and therapeutic decisions. Therefore, on admis-
sion, all patients should have a blood film prepared in ad-
dition to undergoing bone marrow aspiration and biopsy.
Adequate samples can be obtained in the majority of pa-
tients with minimal discomfort from the posterior iliac
crests. Sternal aspirates should be obtained only from pa-
tients in whom sampling from the posterior iliac crests is
not possible because of their clinical condition or body
habitus. The bone marrow should be evaluated with rou-
tine Wright’s staining plus special lineage-specific stains.
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in neutropenic patients. Many reasonable options are
available for single- or double-agent coverage, such as the
third-generation cephalosporins, monobactams, or a
broad-spectrum penicillin in combination with an amino-
glycoside or a quinolone antibiotic (Chapter 63).

If the presenting white blood cell count is very high
(�100,000/�L), the patient may be in danger of tumor lysis
(Chapter 94). Aggressive hydration (at least 200 mL of fluid
per hour) and 300 mg of allopurinol per day may be used
to minimize this risk. Laboratory values should be followed
every 6–8 hours until the white cell counts are nearly enter-
ing the neutropenic stage, which typically takes 4–5 days
after induction therapy is initiated. Leukostasis may also
develop in patients with blast counts above 100,000/�L,
and with signs of end-organ compromise, such as changes
in mental status or angina. Emergent leukapheresis should
be considered, along with 500–1,000 mg of hydroxyurea
every 6 hours until definitive chemotherapy can be
initiated.

Subtypes of leukemia present certain special considera-
tions. All leukemia patients, but particularly those with
promyelocytic leukemia, are prone to disseminated intravascu-
lar coagulation, and coagulation parameters should be eval-
uated on admission and followed daily during induction
therapy (Chapter 98). If laboratory abnormalities consis-
tent with disseminated intravascular coagulation are pre-
sent but the patient has no manifestation of bleeding or
clotting, then it is appropriate to follow the patient closely
with laboratory monitoring every 6–8 hours during ther-
apy. If the patient has evidence of clotting or bleeding from
disseminated intravascular coagulation, therapy may be
very difficult, and the outcome is often poor.

Monocytic leukemia is often an invasive disease (into
skin, joints, and visceral organs). Not uncommonly, pa-
tients present with a persistent cough and chest radio-
graphic findings of diffuse bilateral infiltrates, which often
leads to a delay in initiation of chemotherapy while antibi-
otics are administered for pneumonia. Patients in this
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Figure 93.1 Algorithm for evaluation of a patient suspected of having acute leukemia. The initial
steps require a bone marrow examination to prove whether or not there is an increase in monoclonal
blast cells. If so, the subsequent steps entail defining the specific type of abnormal blasts to allow for
proper classification of the illness. ALL, acute lymphoblastic leukemia; AML, acute myelogenous
leukemia; CML, chronic myelocenous leukemia; MDS, myelodysplastic syndrome; t, translocation.

Diagnosis of leukemia is entertained 

• Lymphoblasts: CD3, CD5,
   CD7, CD19, or CD20 positive
• Possible t(9;22)

Bone marrow aspirate and biopsy for morphology,
histochemistry, flow cytometry, cytogenetics 

Increased monoclonal
blasts (>5%)

No increase in
monoclonal blasts 

• Myelo or Monoblasts: CD33,
  CD14, or CD13 positive
• Myeloperoxidase or nonspecific
  esterase stains positive

≥30% myeloblasts
in the blood or

marrow

<30% myeloblasts
in the blood or

marrow 

MDS (Ringed sideroblasts,
dysmaturation, possibly 5

or 7 chromosomal changes) 

ALL

AML

See Table 93.2 

CML (Philadelphia chromosome
[9:22] positive), high white cell count 
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situation should be carefully evaluated, cultures taken, and
antibiotics started, but chemotherapy for the leukemia
should not be delayed beyond 1–2 days, as the pulmonary
infiltrates often clear with chemotherapy. Bronchoscopy
for cultures, cytology, and even biopsy to rule out infection
may be needed early in the evaluation so as not to delay
appropriate therapy. Monocytic leukemia can also present
with renal failure resulting from infiltration of the kidney,
which can be seen on ultrasonography. The physical exam-
ination must attempt to identify reservoir sites of disease.
Granulocytic sarcomas or chloromas (nodules of leukemia
cells) may develop in multiple sites, including the skin,
liver, lungs, bowel, and bone.

Various chemotherapy regimens are used for induction
chemotherapy (Chapter 90). Typically, a nucleoside analog
such as cytarabine (continuous infusion of 100–200 mg/m2

daily for seven days) is combined with an anthracycline such
as idarubicin (12 mg/m2 daily for days one through three).
Addition of a topoisomerase inhibitor such as etoposide is
advocated by some to improve remission rates. A bone mar-
row examination is usually repeated 2 weeks after the start of
chemotherapy, and, if residual blasts are identified, a second
round of induction is immediately begun. This is typically
slightly less intense than the first cycle (e.g., five days of cy-
tarabine and two days of an anthracyline). It is important to
note that those with t(15;17) FAB M3 cytogenics require a
different initial therapy. In these patients, all-trans retinoic
acid is delivered first to induce maturation of the leukemic
blasts, with most patients achieving a remission within a 6-
week period. This is followed with standard induction and
consolidation chemotherapy to optimize the long-term out-
look for the patients. One to three cycles of consolidation
therapy are given. Patients are typically much more stable at
the initiation of consolidation than during induction. High
dose therapy with autologous or allogeneic hematopoietic
stem cell support is advocated by some investigators, but this
has not been proven to improve long-term survival when
used as initial consolidation therapy.

Chronic myelogenous leukemia is typically managed on an
outpatient basis until it progresses to a blast crisis, which is
often indistinguishable from acute leukemia, presenting
with extremely high white blood cell counts (often
�200,000/�L). The prognosis for patients with chronic
myelogenous leukemia in blast crisis is extremely poor, but
an attempt should be made to induce younger patients into
a second chronic phase and then proceed to allogeneic
bone marrow transplantation (Chapter 96) if an appropri-
ate donor can be identified.

Issues During the Course of Hospitalization

Febrile neutropenia should be treated aggressively. Daily
physical examinations should rule out oral or perirectal ab-
scesses, in addition to more common causes. Digital rectal
examinations should not be performed on neutropenic pa-
tients. Prophylactic antibiotic therapy with a quinolone

started during induction or consolidation may decrease the
numbers of episodes of fever and readmissions during con-
solidation. However, when a patient becomes febrile, these
antibiotics are not sufficient, and broader coverage must be
initiated. The treatment of the febrile neutropenic patient is
discussed in detail in Chapter 63.

Transfusion support to maintain the platelet count
above 10,000/�L and the hematocrit above 25 g/dL with
filtered, irradiated blood products remains appropriate. If
patients are febrile or actively bleeding, the platelet trans-
fusion threshold is often increased to 20,000/�L (5). Trans-
fusions of packed red blood cells are indicated to keep
hemoglobin levels above 7–8 g/dL to maintain adequate
oxygen-carrying capacity. Growth factor support may be ef-
fective in patients over 55 years of age and may hasten the
recovery of granulocytes when it is started at some point af-
ter the completion of induction therapy (usually initiated
between days 11 and 14).

Severe mucositis may require opiates for pain control.
Attention must be paid during the daily oral examination
to ensure that superinfection with Candida or herpes virus
is not also involved. Empiric therapy with acyclovir, flu-
conazole, or both is often used. Colitis with severe abdom-
inal cramping, bloating, and radiographic findings of
distended loops of bowel are consistent with neutropenic
colitis (typhlitis) as a side effect of chemotherapy, neu-
tropenia, or secondary causes. Clostridium difficile infection
must be excluded, and supportive care, often including na-
sogastric drainage, is required.

The side effects of chemotherapy are numerous and
should be monitored by the hematologist, but a few bear
mentioning. Cytarabine, a standard agent used in many
regimens, at higher doses may cause cerebellar dysfunction
that requires immediate discontinuation of the drug. All
patients receiving doses of more than 1 g/m2 should un-
dergo a neurologic exam looking for cerebellar findings be-
fore each dose of the drug is administered. In addition, at
doses above 1 g/m2, steroid eye drops must be used to pre-
vent severe conjunctivitis. Cyclophosphamide, which is
sometimes used in consolidation therapy, can cause
hemorrhagic cystitis (Chapter 90). The commonly used an-
thracycline agents cause cardiomyopathy at high cumula-
tive doses. The use of all-trans retinoic acid has been a great
advance in the therapy of promyelocytic leukemia, but the
“retinoid syndrome” is seen in up to 40% of patients. This is
a constellation of findings including high fevers with respi-
ratory distress, pulmonary infiltrates and pleural effusions,
weight gain, and leukocytosis. Early recognition and initia-
tion of steroid therapy (10 mg of dexamethasone every 12
hours) usually allows for successful management.

Recovery and Discharge Issues

The bone marrow examination is repeated at recovery of
white cells (absolute neutrophil count above 1,000/�L and
platelet count above 100,000/�L, usually 3–4 weeks after
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the initiation of chemotherapy) to document whether re-
mission has been attained. At discharge, important issues
are nutrition (Chapter 15), which should include high-
carbohydrate and caloric supplements if needed, and daily
exercise to promote recovery from the long hospital stay
and prepare for future chemotherapy. Oral electrolyte sup-
plements such as potassium and magnesium may be
required for a few weeks after chemotherapy. Antifungal
and antiviral therapy can be discontinued at the same time
as broad-spectrum antibiotics unless invasive fungal
disease has been documented. The initial duration of
hospitalization for induction is typically 4 weeks, with pa-
tients remaining hospitalized for the initial delivery of
chemotherapy and the management of fevers (during the
neutropenic phase) and chemotherapy side effects. These
challenging phases are generally followed by the simulta-
neous recovery of blood cell counts and improvement in
performance status. On recovery, patients can be dis-
charged if they maintain adequate oral intake, ambulate
with minimal assistance, and have any infections well con-
trolled. The discharge decision must be made carefully after
such intensive chemotherapy; premature discharge before
the ability to perform activities of daily living has returned
commonly leads to readmissions, prolonged requirements
for recovery, delays of consolidation therapy, and increased
total costs.

Depending on the clinical condition and remission sta-
tus of the patient, consolidation therapy usually begins
2–3 weeks after recovery from induction. Consolidation
often requires a 1-week hospitalization to deliver the
chemotherapy in a supervised setting, and then discharge
with close outpatient follow-up through the 3- to 4-week
recovery period. When consolidation is complete, the ap-
proach to follow-up depends on the risk for relapse and
the patient’s clinical status. Typically, patients should be
observed closely at 3-month intervals for approximately
two years, with bone marrow examinations performed at
the first sign of possible relapse.

ACUTE LYMPHOBLASTIC LEUKEMIA

Issues at the Time of Admission

The evaluation and stabilization of the patient with ALL are
similar to those for patients with AML; however, the initial
evaluation of ALL must take into account reservoirs of dis-
ease, including the testes and central nervous system. At
presentation, a careful genital examination must be per-
formed. A lumbar puncture for cell counts, chemistry, and
cytology should be performed in all patients with ALL after
peripheral blood blasts have cleared.

The treatment of ALL involves multiple-agent
chemotherapy with prophylactic treatment of potential
reservoirs, followed by prolonged administration of main-
tenance chemotherapy at regular intervals. Many regimens

continue therapy for up to two years, although some newer
regimens, directed at L3 ALL or Burkitt’s disease, provide a
dose-dense approach with more intense alkylator support
and shorter total duration of therapy (6, 7). The potential
complications of therapy are the same as for AML. The
agent L-asparaginase, which is utilized in the treatment of
ALL, has the potential to cause severe pancreatitis. Serum
amylase and lipase levels should be followed. This agent
also inhibits the synthesis of proteins, including vitamin K-
dependent coagulation factors and antithrombin III and
proteins C and S, with the potential to cause both coagu-
lopathies and thrombosis. Coagulation parameters and
fibrinogen levels should be followed and fresh frozen
plasma administered before L-asparaginase when the fib-
rinogen level falls below 100 mg/dL. Patients should also
be monitored for hypersensitivity reactions during re-
peated doses of L-asparaginase. Unlike patients with AML,
those with ALL receive prophylactic intrathecal chemother-
apy, typically in the form of 8–10 doses of methotrexate
weekly, depending on the regimen used. If the patient has
active central nervous system disease, additional intrathe-
cal chemotherapy is given and craniospinal radiation is
commonly administered.

Issues During the Course of Hospitalization

See the preceding discussion of AML.

Recovery and Discharge Issues

The same issues that apply to ensuring a safe discharge for
patients with AML also apply to those with ALL. Consoli-
dation and maintenance therapy can generally be per-
formed in an outpatient setting with close follow-up.

COST CONSIDERATIONS AND
RESOURCE USE

The treatment of acute leukemia is expensive. Patients re-
quire prolonged hospitalizations, often with intensive
care, and significant quantities of blood products and
broad-spectrum antibiotics and other antimicrobial agents
are administered. The average costs of induction therapy
for patients with newly diagnosed AML range from
$50,000 to more than $100,000. Opportunities to con-
serve resources, especially blood products, and contain
costs have been identified and shown not to have a nega-
tive impact on outcome. Lowering the platelet transfusion
threshold from 20,000/�L to 10,000/�L results in a de-
creased number of transfusions and lower costs without
increased complications of bleeding (5). The use of fil-
tered, leukocyte-depleted, ABO-compatible platelet prod-
ucts is associated with a decrease in allo-immunization
and fewer platelet transfusions, which in turn results in a
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decrease in cost of approximately $14,000 per patient
with acute leukemia (8).

The role of hematopoietic growth factor support in the man-
agement of acute leukemia remains controversial. In gen-
eral, growth factor use results in fewer days of neutropenia
and antibiotic use, but it does not necessarily reduce the
number of days of hospitalization or improve overall sur-
vival. At the same time, growth factor use has not been as-
sociated with an increased relapse rate. Prospective trials
assessing the cost effectiveness of growth factor use have
yielded conflicting results. Some studies note significantly
shorter durations of hospitalization and antibiotic use,
while others do not (9–11) (Chapters 9 and 90). The rou-
tine use of growth factors in patients undergoing
chemotherapy for acute leukemia cannot be strongly rec-
ommended, although the use is increasing, especially in
patients over age 55.

Early discharge from the hospital may be an option for
some patients. Those who have recovered from neutrope-
nia and have a good performance status, but are still trans-
fusion-dependent, can be supported with red blood cell
and platelet transfusions on an outpatient basis. Prolonged
therapy with antimicrobial agents can also be administered
in the outpatient setting if patients are otherwise clinically
stable.

KEY POINTS

■ Acute leukemia remains a difficult problem for the pa-
tient and the hospital physician; patients often have
protracted inpatient courses that require significant in-
tensive care unit stays.

■ Approximately 75% of treated patients attain a remis-
sion and are discharged home for further therapy.

■ Pitfalls in the management of a patient with newly diag-
nosed acute leukemia include failure to recognize how
quickly a patient can decompensate and delay in referral
to a hematologist.

■ A thorough initial evaluation and aggressive manage-
ment of the consequences of both leukemia and its
treatment (including coagulopathies, fevers, infections,
and chemotherapy toxicity) will optimize a patient’s
chances for attaining a remission and potential cure of
the disease.
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Lymphoma
Ranjana H. Advani Steven M. Horwitz
Sandra J. Horning

INTRODUCTION

The non-Hodgkin’s lymphomas and Hodgkin’s disease
comprise a heterogeneous group of lymphoid neoplasms
with differing presenting features, natural histories, and re-
sponses to treatment. They also are among the most treat-
able and curable of all malignancies. The treatment goals
guide the approach to specific problems.

Non-Hodgkin’s lymphoma (NHL) is the sixth most
common cause of cancer in the United States, with 54,000
new cases and as many as 24,000 deaths estimated in 2002.
Whereas the overall incidence of cancer increased about
1% annually, the incidence of NHL rose 3%–4% annually,
rising more than 50% between 1973 and 1990 (1). Some
of this increase represented AIDS-related lymphomas in
young men. However, significant increases have been ob-
served in women and in all age groups except the very
young. The incidence of NHL in the United States increases
with advancing age, with 8.5 cases per 100,000 for people
under age 65 and 68.8 per 100,000 for the group over 65.
There is a slight male preponderance. Whites are affected
more than African Americans and other minorities. The in-
cidence of NHL is significantly higher in industrialized
countries than in the developing world.

Hodgkin’s disease is far less common than NHL, with an
annual incidence in the United States of 7,000 cases and
1,500 deaths. Unlike NHL, the incidence of Hodgkin’s dis-
ease has remained relatively stable. Hodgkin’s disease has a
bimodal distribution in developed countries, with most
cases occurring in persons between the ages of 15 and 34,
and a second, smaller peak in incidence observed in people
over age 50. Like NHL, Hodgkin’s disease is more common
in whites than in blacks and more common in men than in
women. Other epidemiologic features of Hodgkin’s disease
include increased risk with higher educational levels of pa-
tients or their mothers, fewer siblings, single-family homes,
familial association, and history of mononucleosis. There
is a small increase in the incidence of Hodgkin’s disease
among HIV-infected patients.

Risk Factors

Current evidence suggests that factors or conditions precip-
itating immunosuppression or chronic antigenic stimula-
tion provide a milieu for the development of NHL. Con-
genital immunodeficiency states all confer a greatly
increased risk for the development of lymphoma. In people
with acquired immunodeficiency (e.g., after transplanta-
tion of a solid organ or HIV infection), the risk increases as
much as 50- to 100-fold in comparison with a baseline pop-
ulation. NHL ultimately develops in as many as 5% of car-
diac transplant patients (Chapter 40).

Several infectious agents have been implicated as
causal in specific types of lymphomas. Helicobacter pylori
infection is clearly involved in the development of
mucosa-associated lymphoid tissue (MALT) lymphomas
in the stomach. Eradication of the bacteria with antibi-
otics (Table 80.3) leads to regression of the lymphoma in
cases limited to the mucosal surface. There are similar as-
sociations between Epstein-Barr virus (EBV) and African
Burkitt lymphoma, and between HTLV-I (human T-cell
lymphotropic virus type I) and cutaneous T-cell lym-
phoma, in which viral infection and integration into the
malignant cells have been demonstrated. Both EBV infec-
tion and a history of infectious mononucleosis in young
adults have been associated with many of the T-cell lym-
phomas.

TYPICAL PRESENTATION AND
DIFFERENTIAL DIAGNOSIS

The typical presentation of lymphoma is painless lym-
phadenopathy. However, the differential diagnosis of an
enlarged lymph node or nodes is extensive (Chapter 89).
The most common causes of lymphadenopathy in one se-
ries were lymphoma, tuberculosis, toxoplasmosis, infec-
tious mononucleosis, and Hodgkin’s disease (2). Rarely, a
rapidly enlarging lymph node containing lymphoma may

94
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be painful and associated with signs of inflammation. The
adenopathy of lymphoma is often characterized by
rounded nodules or groups of nodules clustered together,
sometimes with adjacent groups of enlarged nodal sites.
The neck, axillae, inguinal region, and mediastinum are the
most common sites of enlarged nodes in lymphomas and
Hodgkin’s disease. Epitrochlear or femoral adenopathy
strongly suggest NHL.

Constitutional (also known as “B”) symptoms, al-
though common in lymphomas and Hodgkin’s disease, are
often not helpful in distinguishing these neoplasms from
infectious entities. Pruritus or pain at involved nodal sites
after ingestion of alcohol more strongly suggests Hodgkin’s
disease. Other, less common presenting features of lym-
phomas and Hodgkin’s disease include cytopenias, which
result from bone marrow involvement or immune destruc-
tion, and extranodal lesions, which can involve the skin,
gastrointestinal tract, Waldeyer’s ring, testes, and other
sites. Neurologic symptoms caused by enlarging masses
can be seen in primary central nervous system (CNS) lym-
phomas, and peripheral neuropathy can be part of a para-
neoplastic syndrome.

Nodal size has some predictive value, as most lym-
phadenopathy less than 1 cm2 in size, especially when un-
accompanied by systemic symptoms, is benign. Patients
with persistent adenopathy (lasting longer than 2–3
weeks), enlarging adenopathy, constitutional symptoms,
abnormal blood cell counts or serum chemistries, or un-
derlying immune deficiency should be evaluated further
with biopsy of abnormal tissue.

Diagnosis

The diagnosis of NHL requires examination of an adequate
sample of representative tissue. Tissue can be obtained by
fine-needle aspiration, core needle biopsy, or excisional
lymph node biopsy. Although fine-needle aspiration may
be adequate for cell type, it does not allow the examination
of lymph node architecture to classify many lymphomas.
In addition, the paucity of tissue makes a diagnosis of
Hodgkin’s disease difficult and does not allow for further
immunophenotyping. In general, the greater amount of
lymph tissue obtained with multiple core biopsies or
lymph node excision is preferred. If infection is in the dif-
ferential diagnosis, tissue should be processed for routine
histology and microbiologic examination. Specimens that
demonstrate NHL are studied by immunophenotyping to
determine B or T cell lineage and for classification. In se-
lected cases, classical cytogenetics or Fluorescence in situ
Hybridization (FISH) may allow more precise diagnosis.
Storage of frozen material for genotyping to determine
monoclonality is encouraged in difficult cases. It may
become more routine in the future as a means to measure
gene expression quantitatively.

Classification

The classification of NHL has undergone several revisions
over the last four decades. Two of the more important and
commonly used classifications are described here. The
older classification, known as the Working Formulation, was
based on microscopic appearance and survival characteris-
tics. The Working Formulation separated the lymphomas
into low-, intermediate-, and high-grade categories. Sim-
plistically, survival among untreated patients was consid-
ered to be measured in years for low-grade disease, months
for intermediate-grade disease, and weeks for high-grade
disease. Although it did not account for the subtle differ-
ences within each category, the Working Formulation pro-
vided a useful clinical framework to guide the approach to
a complicated array of disorders.

The World Health Organization (WHO) classification
(3) has now replaced the Working Formulation. The
WHO classification is based on cell of origin, primarily B-
cells or T-cells, and characterizes NHL entities as indi-
vidual diseases. In addition to morphologic features,
immunophenotypic and genetic markers and clinical
characteristics are integrated into the current NHL classifi-
cation (Table 94.1).

Staging

While classification systems have been frequently updated
and modified, staging for lymphomas has remained static.
The Ann Arbor staging system, initially proposed for
Hodgkin’s disease, is also used for NHL (4) (Table 94.2). It
stages lymphomas according to the number of nodal sites
involved, their relation to the diaphragm, and the extent of
extranodal disease. The presence of “B” symptoms is indi-
cated by adding a letter “B” to the Roman numeral stage.
An “A” denotes the absence of “B” symptoms.

Although the Ann Arbor staging system provides im-
portant prognostic information for Hodgkin’s disease, it
remains inadequate for NHL, which does not follow the
same orderly progression of contiguous disease sites. Sys-
temic involvement is more common, which makes dis-
tinctions about the relationship of disease to the di-
aphragm less important. To provide better prognostic
information for NHL, independent prognostic factors
have been defined. Factors that are independently predic-
tive of overall survival include age less than 60 (vs. 60 and
older), stage I or II (vs. stage III or IV), number of extran-
odal sites of disease, performance status, and serum lac-
tate dehydrogenase level (5). On the basis of these vari-
ables, patients can be divided into four risk groups
ranging from low-risk (zero or one adverse prognostic fac-
tor) to high-risk (4–5 adverse prognostic factors). Overall,
the 5-year survival is 78% in low-risk patients, but only
26% in the most unfavorable group. Staging evaluation
should be guided by a hematologist/oncologist and
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include abdominal and chest computed tomography,
bone marrow biopsy, and the routine laboratory determi-
nations mentioned above. Fluorine-18 deoxyglucose
positron emission tomography (FDG-PET) scanning is
increasingly becoming an important imaging modality,
especially when following up with patients in whom the
initial presentation was bulky (6). Multiple studies have

demonstrated better predictive accuracy with FDG-PET
than with computed tomography in restaging of NHL pa-
tients after therapy.

SPECIFIC CATEGORIES OF LYMPHOMAS

Given the wide diversity of entities, clinical behaviors, and
treatments, it is helpful to understand some basic concepts
about the different types of lymphomas.

Diffuse Small Cell Lymphomas

Diffuse small cell lymphomas are a group of B-cell lym-
phomas that include the entities of small lymphocytic lym-
phoma, lymphoplasmacytoid lymphoma, marginal zone
lymphoma, and mantle cell lymphoma. With the exception
of mantle cell lymphoma, which can have a more aggres-
sive course, the diffuse small cell lymphomas are catego-
rized as indolent. Diffuse small cell lymphomas make up
10%–20% of all NHLs. Men are affected more than
women, and the average age at diagnosis is 50 years. Dif-
fuse small cell lymphomas typically present in advanced
stages, with diffuse adenopathy and bone marrow
involvement. Splenomegaly and other extranodal sites of
involvement are common. Anemia and thrombocytopenia
can result from splenic or marrow involvement, or both.
Mantle cell lymphoma tends to follow a shorter, more ag-
gressive course than that of the other diffuse small cell
lymphomas, with median survival times of 3–5 years.
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TABLE 94.1
THE WORLD HEALTH ORGANIZATION
CLASSIFICATION OF NEOPLASMS OF
THE HEMATOPOIETIC AND
LYMPHOID TISSUES

B-cell neoplasms

Precursor B-cell neoplasm
Precursor B-lymphoblastic leukemia/lymphoma

Peripheral B-cell neoplasms
1. B-cell CLL/PLL/SLL
2. Lymphoplasmacytic lymphoma
3. Mantle cell lymphoma
4. Folliclular lymphoma
5. Extra nodal marginal zone lymphoma
6. Nodal marginal zone lymphoma
7. Splenic marginal zone lymphoma
8. Hairy cell leukemia
9. Primary effusion lymphoma

10. Diffuse large B-cell lymphoma
11. Burkitt’s lymphoma

T-cell and NK-cell neoplasms

Precursor T-cell neoplasm
Precursor T-lymphoblastic lymphoma/leukemia

Peripheral T-cell and NK-cell neoplasms
1. T-cell CLL/PLL
2. T cell granular lymphocytic leukemia
3. Aggressive NK cell leukemia
4. Mycosis fungoides/Sézary syndrome
5. Peripheral T-cell lymphomas, unspecified
6. Adult T-cell lymphoma/leukemia
7. Angioimmunoblastic T-cell lymphoma
8. Extranodal NK nasal/nasal type T cell lymphoma
9. Enteropathy type T-cell lymphoma

10. Anaplastic large cell lymphoma (systemic)
11. Anaplastic large cell lymphoma (cutaneous)
12. Hepatosplenic gamma delta lymphoma
13. Subcutaneous panniculitis-like lymphoma

Hodgkin’s disease

1. Lymphocyte predominance
2. Nodular sclerosis
3. Mixed cellularity
4. Lymphocyte depletion
5. Lymphocyte-rich classic Hodgkin’s disease

ALCL, anaplastic large cell lymphoma; CLL, chronic
lymphocytic leukemia; NK, natural killer; PLL, pro-
lymphocytic leukemia; SLL, small lymphocytic leukemia.

TABLE 94.2
ANN ARBOR STAGING SYSTEM

Stage Characteristics

I

II

III

IV

The absence or presence of unexplained fever, night sweats, and/or
weight loss of more than 10% of the usual body weight in the six months
before diagnosis is denoted by the suffix letters A (absence) or B
(presence).

Involvement of a single lymphatic region (I), or localized
involvement of a single extralymphatic organ or site
(IE).

Involvement of two or more lymphatic regions on
the same side of the diaphragm (II), or localized
involvement of a single extralymphatic organ or site
and one or more lymphatic regions on the same side
of the diaphragm (IIE).

Involvement of lymphatic regions on both sides of the
diaphragm (III), which may also be accompanied
either by localized involvement of an extralymphatic
organ or site (IIIE), or by involvement of the spleen
(IIIS), or by both (IIIE�S).

Diffuse or disseminated involvement of one or more
extralymphatic organs with or without associated
lymphatic involvement.
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Although the other entities in this group are not thought to
be curable, survival is measured in years; many patients are
alive more than 10 years after diagnosis. Marginal zone
lymphomas frequently involve extranodal sites alone at
presentation, particularly in the gastrointestinal tract, and
this subset is referred to as mucosa-associated lymphoid tis-
sue (MALT) lymphoma.

Treatment may be reserved for symptomatic disease in
selected patients, because early intervention has not been
demonstrated to alter survival. Symptoms can take the
form of discomfort from compression of extranodal struc-
tures by adenopathy and clinically significant anemia or
thrombocytopenia. Most patients respond to therapy, with
significant or complete regression of measurable disease
during initial treatment. Unfortunately, relapses are char-
acteristic. Remissions typically last 2–4 years. If symptoms
are confined to one area of disease, such as a single mass or
lymph node group, radiation can be used to control local
problems when chemotherapy is contraindicated. Diffuse
small cell lymphoma undergoes transformation to a higher
grade lymphoma in up to 10% of patients.

Follicular Lymphomas

This group of mostly indolent lymphomas includes follic-
ular center lymphoma of small cleaved cell type (grade I),
follicular mixed small and large cell type (grade II), and fol-
licular large cell type (grade III). Follicular lymphomas
comprise 35%–40% of all NHLs. They affect men and
women equally, and the mean age at diagnosis is 55 years.
As with other indolent lymphomas, disease is usually ad-
vanced at presentation. Typical features include widespread
adenopathy, often with bone marrow or splenic involve-
ment. The follicular lymphomas have an indolent course in
most patients, with median survival time varying from
6–10 years from diagnosis. Some patients have a more ag-
gressive disease, whereas others live more than 20 years
following diagnosis. Intermittent relapses are the rule.
Because of this natural history, a watchful waiting strategy
has been employed, with treatment delayed until symp-
toms caused by bulky adenopathy, organ compromise, or
constitutional symptoms develop. The disease course is
highly variable, but most patients require treatment within
four years of diagnosis. Controversy exists regarding
whether some patients with stage I or II disease are cured
with local radiation therapy.

Historically, treatment has included alkylating agents
such as cyclophosphamide or chlorambucil, alone or in
combination with other chemotherapeutic drugs and
steroids (Chapter 90). The pan-B-cell monoclonal anti-
body (rituximab) is approved for the re-treatment of follic-
ular lymphomas based on a 50% response rate (7). Newer
data indicate that rituximab alone is effective in previously
untreated patients and prolongs time to treatment failure
in combination with chemotherapy. In addition, mono-
clonal antibodies conjugated to radioisotopes have been

approved for the treatment of recurrent follicular lym-
phoma (8, 9). Like other indolent lymphomas, most follic-
ular lymphomas respond to treatment but repeatedly
relapse. Histologic transformation to higher grade lym-
phoma is more common than in the diffuse low-grade lym-
phomas (up to 60% of patients). When diagnosed, this
must be treated with intensive chemotherapy. Although
transformation is often an ominous prognostic sign, trans-
formed lymphoma is sometimes curable, and patients who
respond completely to therapy may have a life expectancy
similar to that of patients with the underlying low-grade
lymphoma.

Diffuse Aggressive Lymphomas

The diffuse aggressive lymphomas include diffuse large B-
cell lymphoma, which accounts for about one-third of all
NHLs, and the rare peripheral T-cell lymphomas. Diffuse
large B-cell lymphomas are characterized by aggressive
growth leading to clinical consequences in weeks to
months and the potential to be cured with current thera-
pies. Diffuse aggressive lymphomas present with early-
stage or localized disease in more than 30% of patients.
Extranodal sites of disease are common, as in primary lym-
phomas of the CNS, testis, and stomach. Approximately
20% of patients present with classic “B” symptoms. Given
the aggressive nature of these lymphomas, treatment
should begin as soon as staging studies are complete. The
new standard of treatment is combination chemotherapy
plus rituximab, based upon superior efficacy in multiple
clinical trials (10). Treatment is generally given for about
six months; radiation therapy delivered after a shortened
course of chemotherapy may be used for patients with fa-
vorable localized disease presentations. The peripheral 
T-cell lymphomas are a heterogeneous group of lympho-
proliferative diseases with unique clinical and pathologic
features. As a group, they are characterized by relatively
poor response to or early relapse after treatment and brief
survival times. An exception are the anaplastic large T-cell
lymphomas that occur in younger patients; these are fre-
quently cured with combination chemotherapy.

Other Important Non-Hodgkin’s Lymphomas

Lymphoblastic lymphoma is a rare, aggressive T-cell lym-
phoma. It commonly presents with a rapidly enlarging me-
diastinal mass. Superior vena cava syndrome (Chapter 92),
pleural or pericardial effusion, and bone marrow involve-
ment with circulating lymphoma cells may be seen at
presentation. Burkitt lymphoma is a high-grade B-cell lym-
phoma presenting with rapidly enlarging masses in the
head and neck or abdominal regions, frequently with bone
marrow and central nervous system involvement. Lym-
phoblastic lymphomas and Burkitt lymphomas have high
proliferative rates and are exquisitely sensitive to
chemotherapy induction with regimens used for acute
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leukemia. This combination of high tumor burden and
high growth fraction make tumor lysis syndrome a fre-
quent complication of therapy. Hospitalization during ini-
tial therapy is often required (see later in this chapter).

HIV-associated lymphomas usually occur as late manifes-
tations of HIV disease, often after previous AIDS-defining
illnesses. They are typically B-cell lymphomas of
intermediate or high grade that present in extralymphatic
sites, particularly the CNS, gastrointestinal tract, bone
marrow, and liver. Constitutional symptoms are present
in 80% of patients at diagnosis. The CD4 cell count at di-
agnosis is prognostically significant. The advent of highly
active antiretroviral therapy has resulted in better thera-
peutic tolerance for therapy and improved overall out-
comes (11).

Hodgkin’s Disease

Hodgkin’s disease is classified in the broad category of lym-
phoid malignancies but remains separate from the NHLs
given its unique pathologic and clinical patterns. The Reed-
Sternberg cell, the malignant cell in Hodgkin’s disease, de-
rives from a B-cell lineage. Hodgkin’s disease is divided into
classical (nodular sclerosis, mixed cellularity, lymphocyte-
rich, and lymphocyte depletion) and lymphocyte predomi-
nant subtypes. Hodgkin’s disease most commonly presents
as asymptomatic lymph node enlargement, often in the
neck, supraclavicular fossa, or axilla. Another common pre-
sentation is an anterior mediastinal mass incidentally dis-
covered on chest radiograph. Lone abdominal or inguinal
disease is uncommon. Other presenting features character-
istic of Hodgkin’s disease include pruritus and cyclic fevers.

The initial evaluation of the patient with Hodgkin’s dis-
ease is similar to that for NHL. Most patients present with
stage II or III disease. “B” symptoms are more common in
patients with advanced disease. Although uniformly fatal if
untreated, Hodgkin’s disease is among the most curable of
all malignancies, with approximately 75%–85% of patients
surviving more than 10 years after diagnosis. More than
90% of patients with early stage disease are cured with pri-
mary or secondary treatment. Patients with localized dis-
ease are currently managed with brief chemotherapy and
limited radiotherapy. Patients with widespread disease re-
ceive chemotherapy as the basis of treatment. The contri-
bution of radiation therapy is debatable after a full course
of chemotherapy in advanced disease. Recurrent disease is
treated with high-dose chemotherapy and autologous stem
cell transplantation, often with good results (Chapter 96).
Given the long-term survival of the majority of patients
with Hodgkin’s disease, late complications of treatment are
common and have become a major cause of morbidity and
mortality. These complications include coronary artery dis-
ease, cardiomyopathy, cardiac valvular lesions, secondary
cancers (associated with radiation therapy), and secondary
acute leukemia (associated with chemotherapy containing
alkylating agents). NHL is seen as a complication of either

radiation therapy or chemotherapy. Other common long-
term complications include hypothyroidism and infertility.

COMPLICATIONS REQUIRING
HOSPITALIZATION

The diagnosis, staging, and treatment of lymphomas cur-
rently are performed entirely on an outpatient basis. With
the exception of particularly dose-intensive treatments or
chemotherapy regimens requiring continuous infusions
over several days, hospital admissions rarely are planned as
part of the management strategy. Therefore, the inpatient
physician most often plays a role in the management of
complications that arise from the disease or its treatment.

Tumor Lysis Syndrome

The tumor lysis syndrome is a series of metabolic derange-
ments (hyperuricemia, hyperphosphatemia, hypocal-
cemia, and hyperkalemia) that can result in acute renal
failure or death. The syndrome develops when induction
therapy for sensitive malignancies leads to the sudden re-
lease of intracellular ions, nucleic acids, and proteins that
overwhelm the kidneys’ ability to excrete them. Although
most clinical consequences occur after treatment, high cel-
lular turnover in rapidly dividing tumors often leads to a
degree of renal insufficiency before the initiation of ther-
apy. Tumor lysis syndrome is most commonly observed
with high-grade NHLs.

Hyperuricemia and hyperuricosuria are usually the earliest
manifestations of the tumor lysis syndrome. The increased
uric acid load leads to the deposition of uric acid crystals in
the collecting ducts and distal tubules. Once the crystals are
delivered to the distal tubules, the relatively acid environ-
ment renders the uric acid even less soluble. Further depo-
sition takes place and impairs urine excretion. This results
in a decreased glomerular filtration rate and, without treat-
ment, acute renal failure. Any condition that predisposes to
a decreased glomerular filtration rate or decreased urine
flow can predispose to acute renal failure.

Hyperphosphatemia develops later than hyperuricemia,
often 48 hours into treatment, peaking on the second and
third days of therapy. As the serum phosphate rises, it can
form complexes with serum calcium and precipitate, re-
sulting in hypocalcemia. In the most severe circumstances,
this can lead to cramping, tetany, and cardiac arrhythmias.
Less common but potentially more life-threatening is hy-
perkalemia, which can develop with the release of intracel-
lular potassium from the disrupted tumor cells. When this
is superimposed on renal insufficiency, dramatic increases
in potassium levels can occur. If not corrected, hyper-
kalemia can lead to cardiac arrhythmias and sudden death
(Chapter 104).
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Initial Therapy

The best management of tumor lysis syndrome is to pre-
vent it through early recognition of patients at risk and
prompt institution of prophylactic measures. Patients at
highest risk for development of the syndrome include
those who have tumors with high proliferative rates, high
serum levels of lactate dehydrogenase, and elevated serum
levels of uric acid before treatment. Patients at highest risk

for the development of clinical consequences include those
with underlying renal insufficiency and volume depletion.

Figure 94.1 shows a critical pathway for the management
of tumor lysis syndrome. Whenever possible, patients at
high risk for the development of tumor lysis syndrome
should be admitted to the hospital 24–48 hours before the
institution of therapy. Unfortunately, given the aggressive
nature of these tumors, delaying treatment is often difficult.
All supplemental potassium should be avoided, with a goal
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Day 1:
1–2 days before 
therapy if possible

• Serum chemistries
• LDH
• Uric acid
• Calcium
• Phosphorus
• Urine pH

• Weight
• Vital signs incl. 

orthostatics
• Volume status
• I&Os q 8 hrs
• Assess node size

• IV fluid NS or 0.5 NS
@4–5L/24 hr

• Allopurinol 300–
400mg/m2/day POa

Consider:

• Add NaHC03 to IV 
fluids (1 amp to 0.5 NS,
2 amps to 0.25 NS, 
3 amps to D5W)

• Acetazolamide 
150–500 mg/m2 PO

• Aluminum hydroxide
if phosphorus elevated

• Low K+ diet
• Low PO4 diet

Day 2:
Day before therapy

• Serum chemistries
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• Uric acid
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• Phosphorus
• Urine pH

• Weight
• Vital signs
• Volume status
• I&Os q 8 hrs

• IV fluids

• Mannitol 200–500 mg
/kg if volume overload
or urine output
<100mL/hr
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Consider:

• Nephrology consult or
ICU transfer if severe
volume overload or
oliguria

• Low K+ diet
• Low PO4 diet
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Initiate chemotherapy
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q 12 hrs

• LDH
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• Weight
• Vital signs
• Volume status
• I&Os q 8 hrs

• IV fluids

• Mannitol prn

• Allopurinola

• D/C NaHC03

Consider:

• Nephrology consult or
ICU transfer if severe
volume overload or
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• Low K+ diet
• Low P04 diet

Days 4–5:
1–2 days post-
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q 12 hrs

• LDH
• Uric acid
• Calcium
• Phosphorus

• Weight
• Vital signs
• Volume status
• I&Os q 8 hrs
• Assess node size

• IV fluids

• Mannitol prn

• Allopurinola

• Treat hyperkalemia 
if develops

• Treat hypocalcemia
only if symptomatic

• If oliguria or
increased creatinine,
or refractory 
electrolyte 
disturbances,
consult nephrology
for early hemodialy-
sis, if necessary

• Low K+ diet
• Low P04 diet

• Begin if no evidence
of tumor lysis
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3–5 days post-
therapy

• Serum chemistries
q 24 hrs
If no evidence of lysis,
can discontinue

• LDH
• Uric acid
• Calcium
• Phosphorus

• Weight
• Vital signs
• Volume status
• I&Os q 8 hrs
• Assess node size

If no evidence of tumor
lysis:

• Decrease IV fluids

• Continue allopurinol

• If ongoing tumor
lysis, continue 
previous measures

• Encourage PO fluids

• F/U appt made

• Discharge teaching
• F/U appt

Tests

Patient
evaluation

Medications
and
theraputics

Nutrition

Discharge
planning

Patient 
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Figure 94.1 Critical pathway for tumor lysis syndrome. aRasburicase may be used as a substitute
for allopurinol (see text for details). D/C, discontinue; F/U, follow-up; I&O, fluid intake and output;
ICU, intensive care unit; IV, intravenous; LDH, lactate dehydrogenase; NS, normal saline.
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of attaining a low-to-normal serum level before therapy. As
soon as possible, an intravenous infusion of saline solution
should be started. In patients with underlying cardiac or re-
nal dysfunction, this is accomplished most safely in an ICU
setting. Aggressive hydration (up to 4 L/d) should be insti-
tuted before therapy and continued during and for several
days after the treatment. Sometimes, as many as 5 or 6 L of
saline solution may be necessary. Allopurinol has long been
the mainstay in preventing tumor lysis syndrome. It should
be given as long before the start of therapy as possible in pa-
tients at high risk for tumor lysis. The goal of treatment is to
normalize or greatly reduce the serum uric acid level to min-
imize uric acid deposition in the kidney. Allopurinol can
cause a syndrome of rash, hepatitis, eosinophilia, and wors-
ening renal function in patients with underlying renal in-
sufficiency. Lower doses should be used in these patients,
and the drug should be discontinued at the first sign of rash.
The role of alkalinazation of the urine remains controver-
sial. Recombinant urate oxidase (rasburicase) is a new IV,
once-a-day agent that produces a sharp and consistent de-
crease in uric acid levels in patients undergoing cytoreduc-
tive therapy. In a randomized study of patients at high risk
of tumor lysis, rasburicase led to more rapid control and
lower levels of plasma uric acid than allopurinol (12).

Even when mild hypocalcemia develops, calcium re-
placement should be avoided unless serious clinical conse-
quences such as tetany or cardiac arrhythmias occur.
Aluminum hydroxide should be used to minimize hyper-
phosphatemia. Hyperkalemia should be watched for
closely and treated aggressively with standard treatments
(Chapter 104).

Indications for Consultation

Despite aggressive preventive measures and management
of electrolyte disturbances, oliguria and acute renal failure
or very severe electrolyte disturbances develop in some pa-
tients. A nephrologist should be consulted in cases of olig-
uria, inability to hydrate adequately because of third spac-
ing, or an electrolyte disturbance that does not readily
respond to the measures described above. Hemodialysis is
often required short-term and can be life-saving, as the re-
nal impairments are most often reversible (Chapter 100).

Discharge Issues

Tumor lysis is an uncommon and life-threatening situa-
tion. The patient should be discharged only after the cycle
of chemotherapy is completed and any electrolyte imbal-
ances have been corrected. Good urine output should be
maintained through this period. Stabilization of lactate de-
hydrogenase and uric acid beyond 48–72 hours suggests
that further tumor lysis is not going to occur. The patient
should not have uncontrolled nausea or vomiting, which
might impair the ability to consume fluids by mouth. Al-
lopurinol or rasburicase should be continued.

Hypercalcemia

Although hypercalcemia is common in many malignancies,
it is unusual in NHL and Hodgkin’s disease. HTLV-I–
associated T-cell lymphoma is an exception. NHL patients
with hypercalcemia usually have high tumor burdens and
advanced disease. Their debilitation leads to inactivity and
dehydration, which exacerbate the hypercalcemia. Acute hy-
percalcemia should be treated urgently, as described in
Chapter 92. Corticosteroids can be quite effective in the
treatment of hypercalcemia secondary to lymphoma.

Infections

Fever and neutropenia are the most common serious treat-
ment-related complications. Because cure is the goal of
treatment for many aggressive lymphomas, the therapeutic
regimens are dose-intensive and often leave patients
severely neutropenic and at high risk for infection and its
sequelae. The general approach to fever and neutropenia is
the same as in other immunocompromised hosts (Chapter
63). However, it is worth noting several points specific to
lymphoma.

Issues at the Time of Admission

In addition to being neutropenic as a consequence of cyto-
toxic therapy, many lymphoma patients are otherwise im-
munodeficient from their disease process. Patients often
have deficiencies in cell-mediated immunity that place
them at increased risk for opportunistic, nonbacterial infec-
tions (Chapter 63). A particularly high incidence of these in-
fections has been noted in NHL patients receiving purine
analog agents such as 2-CDA and fludarabine. Prophylaxis
against infection with Pneumocystis jirovecii (formerly
P. carinii) and herpes viruses should be considered in this
population. Additional sources of immune compromise
include immunoglobulin deficiency (in patients with small
lymphocytic lymphoma), impairment of phagocytic func-
tion, and previous splenectomy (secondary to staging or
treatment). Despite the widespread use of rituximab, which
depletes B-cells for many months, infectious complications
of this therapy have rarely been reported.

Although the modern approach to fever in the im-
munocompromised host often includes outpatient treat-
ment and oral antibiotics, lymphoma patients undergoing
chemotherapy rarely fit into the low-risk group that can be
safely managed on an outpatient basis. This is particularly
true in the special cases listed above. Admission to the hos-
pital for intravenous administration of broad-spectrum an-
tibiotics and close observation is usually warranted.

Discharge Issues

Despite the frequent use of dose-intense therapy, the rou-
tine use of hematopoietic growth factors has not been
shown to decrease mortality in lymphoma patients (with
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the exception of patients receiving high-dose therapy dur-
ing bone marrow transplantation). However, the prophy-
lactic use of growth factors can decrease the incidence of
neutropenic fever and chemotherapy-induced anemia, and
it often allows patients to stay on a therapeutic regimen
without persistent delays in treatment because of low
blood counts. Thus, growth factors are recommended for
patients who have been hospitalized for fever and neu-
tropenia during previous cycles of therapy, or for patients
in whom potentially curative treatment is delayed because
of neutropenia. Newer liposomal formulations of growth
factors (pegfilgastrim and darbepoetin) have been ap-
proved (13, 14). These preparations allow for dosing inter-
vals of 2–3 weeks, with an efficacy equivalent to the shorter
acting preparations.

Syndromes of Organ Involvement or
Compression

Non-Hodgkin’s lymphoma can involve and compromise
any organ system. Nodal disease can cause external com-
pression of normal structures by extension, or disease can
develop de novo in extranodal sites. This can occur at any
time in the course of the disease and often presents chal-
lenging diagnostic and management problems.

Issues on Admission

Several general principles apply to lymphoma patients with
growing masses and organ compromise. In patients with-
out a diagnosis, a good sample of representative tissue
must be obtained for diagnosis. Once a diagnosis is estab-
lished, the goals of treatment can be defined. If the patient
has a curable disease, local problems usually are best
treated with systemic chemotherapy as part of the overall
treatment plan. However, if the disease is incurable, local
problems can be palliated with systemic chemotherapy or
local radiation.

Patients with a known diagnosis and relapsed or pro-
gressive disease present complex issues. Many patients with
a first relapse of aggressive NHL or Hodgkin’s disease re-
main curable with measures such as high-dose chemother-
apy and stem cell transplantation. In these patients,
systemic treatment of local disease is usually indicated. In
patients with indolent NHL, progressive disease should
prompt consideration of histologic transformation. This re-
quires repeated biopsy at times of changing disease mani-
festations, such as a rapid increase in size or development
of new “B” symptoms. If histologic transformation is pre-
sent, a more aggressive approach is warranted. Patients
with multiple relapses and multiple prior treatments often
lack the bone marrow reserve to tolerate intensive
chemotherapy. In these instances, local radiotherapy can
often palliate focal symptoms. Therefore, the approach to
local acute problems must take into account the most ef-

fective immediate therapy as well as the patient’s treatment
history and prognosis.

Issues During Hospitalization—Specific
Anatomic Sites

Chest
The mediastinum is one of the more common sites of
NHL. Growing thoracic disease can extend to and com-
promise the adjacent great vessels, heart, lung, and tho-
racic duct. Superior vena cava syndrome (SVCS) is the clini-
cal picture of dyspnea, cough, and edema of the face and
upper extremities arising from obstruction of the superior
vena cava. NHL is the second leading malignant cause of
superior vena cava syndrome (after lung cancer). In NHL,
superior vena cava syndrome is often a presenting feature
of disease; it may also occur after a recurrence or histo-
logic transformation of low-grade disease to a more ag-
gressive type. The evaluation and management of SVCS is
described in Chapter 92.

In patients without a diagnosis, a pathologic diagnosis
should be obtained whenever possible before therapy is
begun. In patients with previously diagnosed indolent
lymphomas, biopsy of a new, rapidly growing mass
should be performed to evaluate a histologic transforma-
tion. In NHL, careful physical examination often reveals
an accessible peripheral node for biopsy, so that the need
to obtain tissue from a mass obstructing the superior vena
cava is avoided.

In contrast to lung cancer (where radiation therapy is
generally preferred), chemotherapy is typically the initial
treatment of choice and can provide equally prompt reso-
lution of SVCS. However, both medical and radiation
oncologists should be consulted urgently at the time of
diagnosis of SVCS.

Other problems arising in the chest include pleural and
pericardial effusions. They can develop in any type of
NHL and can present at any time during the course of the
disease. They may develop rapidly, presenting with acute
dyspnea, or have a more insidious onset. Pleural effusions
can develop either from obstruction of the thoracic duct
by mediastinal adenopathy or by direct involvement of
the pleura. Thoracentesis should be performed for diag-
nosis and symptomatic relief (Chapter 60). At times, lym-
phoma is not diagnosed by cytologic examination of the
fluid; immunophenotyping may increase the diagnostic
yield in such instances. The best treatment for this com-
plication remains treating the underlying lymphoma. Ef-
fusions often respond to chemotherapy, which makes
pleurodesis unnecessary. In slowly resolving effusions,
several therapeutic thoracentesis procedures are required
before systemic therapy takes effect. Pleurodesis should be
reserved for palliation of patients with refractory effu-
sions, unresponsive disease, or an inability to tolerate sys-
temic treatment.
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Less common but more immediately life-threatening are
pericardial effusions. These most often result from direct ex-
tension of the disease to the pericardium from adjacent
lymph nodes. Small effusions are easily demonstrated by
computed tomography of the thorax. Patients with cough,
orthopnea, dyspnea, or distended neck veins should un-
dergo echocardiography to evaluate for cardiac tamponade
(Chapter 46). Urgent drainage is necessary for symp-
tomatic effusions. Chemotherapy is the preferred and most
definitive treatment. In rare cases, an indwelling pericardial
drain or window is required to prevent reaccumulation of
fluid (Chapter 92).

Pulmonary nodules are occasionally seen with NHL or
Hodgkin’s disease. They are most common in patients with
mediastinal disease. Biopsy is indicated in patients without
mediastinal or widespread adenopathy or with lung nod-
ules as the sole site of recurrence. Infections and primary
lung carcinomas can develop in heavily treated patients
and can mimic lymphoma (Chapter 61).

Abdomen
The gastrointestinal tract, primarily the stomach and small
bowel, is involved in 16% of patients with NHL, most
commonly Burkitt and diffuse large B-cell lymphomas.
Large masses can cause obstruction. Lymphoma can occa-
sionally erode through bowel walls. As lymphoma quickly
regresses with treatment, the result can be gastrointestinal
bleeding or a perforated viscus. Perforation can occur in
5%–15% of these patients, with mortality as high as 50%
in patients in whom an acute abdomen develops. Surgery
should be limited to patients with active bleeding or per-
foration. Patients at risk for perforation should be edu-
cated about the signs and symptoms of abdominal pain,
bleeding, and fever. If perforation is suspected, the patient
should be admitted to the hospital and abdominal radio-
graphy or computed tomography performed to evaluate
for free air (Chapter 87). Urgent surgical consultation
should be obtained. Early intervention with broad-
spectrum antibiotics and, if necessary, surgical resection,
are the best ways to minimize mortality from this infre-
quent complication. Gastrointestinal bleeding and perfo-
ration are most common shortly after the initial course of
chemotherapy. However, these complications can still de-
velop more than a month into treatment.

Extensive retroperitoneal and pelvic disease from NHL
can lead to ureteral obstruction, resulting in hydronephrosis
and renal insufficiency (Chapter 103). Often, nonspecific
symptoms of back pain or intermittent abdominal cramp-
ing are present for weeks to months before the lymphoma
is detected. In patients with known disease, a high degree
of suspicion must be maintained. Abdominal ultrasonog-
raphy or computed tomography can quickly rule out
ureteral obstruction and hydronephrosis. Ureteral obstruc-
tion is best managed by systemic treatment in patients with
newly diagnosed aggressive lymphomas. In patients with

extensive low-grade lymphoma, systemic chemotherapy
also is often the best course. In patients with indolent dis-
ease who present with a local obstruction, or in patients
who may not tolerate further chemotherapy, local radia-
tion can alleviate the obstruction. If renal function is com-
promised or the patient is very symptomatic, stenting can
often palliate the obstruction while definitive treatment is
provided. Stenting does expose the patient to a risk for per-
foration and infection but is necessary at times to preserve
renal function.

Hyperbilirubinemia can result from hepatic infiltration
with lymphoma or extrinsic constriction of the biliary sys-
tem by periportal lymphadenopathy (Chapters 77 and 84).
As in other circumstances, this often responds promptly to
systemic chemotherapy. As a result, biliary drainage or
stenting is rarely indicated, except in patients with cholan-
gitis or refractory disease. When patients with hyperbiliru-
binemia are treated, modification of the doses of drugs
excreted in bile, such as adriamycin and vincristine, should
be considered (Table 90.3).

Splenomegaly is frequently observed at presentation in
patients with Hodgkin’s disease or NHL, particularly dif-
fuse small cell lymphomas. It may be discovered on physi-
cal examination or present symptomatically with pain or
thrombocytopenia. In rare cases of “splenic lymphoma,”
the spleen is the primary or sole site of disease. Good re-
sponses have been observed with splenectomy, but cyto-
toxic chemotherapy can achieve equally good results and
leave a functional spleen. In general, splenectomy should
be reserved for patients with pancytopenia or thrombocy-
topenia that does not respond to systemic treatment of the
lymphoma, or for palliation of symptoms such as pain in
patients with refractory disease.

Nervous System
The CNS can be involved at initial presentation of ad-
vanced-stage disease, at relapse, or by primary CNS lym-
phoma. CNS disease is more common in high-grade
lymphomas and diffuse histologies and is rare in follicular
subtypes. Hodgkin’s disease very rarely spreads to the CNS.
Other risk factors for CNS disease include bone marrow in-
volvement and epidural, testicular, and paranasal sinus dis-
ease. Potential CNS involvement in high-risk patients
should be evaluated with cytologic analysis of cere-
brospinal fluid.

Parenchymal brain involvement presents with symptoms
of increased intracranial pressure or with focal neurologic
deficits. Leptomeningeal disease often presents with cranial
nerve palsies, mental status decline, or both. NHL of the
brain is diagnosed by radiologic imaging. Magnetic reso-
nance imaging can show greater detail, but computed
tomography often suffices. Lymphoma appears as contrast-
enhancing lesions on either study. Stereotactic biopsy is
necessary to differentiate lymphoma from infection. Rapid
disappearance of CNS mass lesions after initiation of
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corticosteroids has been described with these lymphomas.
Leptomeningeal disease can be more difficult to diagnose;
cerebrospinal fluid cytology can be positive in as few as
20% of patients. Immunophenotyping of cerebrospinal
fluid can increase the yield.

Spinal cord compression is rare in NHL. It most often oc-
curs by direct extension from extradural masses. Cord com-
pression can develop with any histologic subtype and
should be evaluated as an oncologic emergency, as de-
scribed in Chapter 92. As in other instances of organ com-
promise from lymphoma, chemotherapy often achieves as
rapid a response as radiation therapy while simultaneously
treating systemic disease.

COST CONSIDERATIONS

Most of the presentation, diagnosis, and management of
lymphomas takes place entirely on an outpatient basis. Pre-
venting hospitalization is the main way to control costs in
managing this disease. Most hospitalizations are for com-
plications of the disease or its treatment. Few cost analyses
have been performed in the management of lymphoma
complications. However, the routine use of hematopoietic
growth factors is expensive and has not been shown to im-
prove outcome except in the specific circumstances listed
above.

KEY POINTS

■ Non-Hodgkin’s lymphoma and Hodgkin’s disease are
among the most treatable and curable of all malignan-
cies. The treatment goals guide the approach to specific
problems.

■ Most diagnosis and treatment can be performed on an
outpatient basis.

■ Tumor lysis syndrome is a constellation of life-threaten-
ing metabolic disturances that occur during the treat-
ment of aggressive lymphomas and other malignancies.
The best management is identification of patients at risk
and institution of preventative measures, such as vigor-
ous hydration and allopurinol.

■ Acute renal failure in the setting of the tumor lysis syn-
drome is almost always reversible, even if a short course
of hemodialysis is required.

■ Infections in lymphoma patients undergoing treatment
can be complicated by other immune deficiencies. Par-
ticular therapeutic urgency is required for splenec-
tomized patients.

■ Unlike other malignancies, non-Hodgkin’s lymphoma or
Hodgkin’s disease causing obstruction or compression of
normal structures can best be treated by chemotherapy.

■ Gastrointestinal bleeding and perforation are uncom-
mon but potentially fatal complications in the treatment
of lymphoma of the gastrointestinal tract. Early surgical
evaluation should be sought.
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Chronic

Myeloproliferative

Disorders
Ayalew Tefferi

INTRODUCTION

Hematologic malignancies are organized into lymphoid
or myeloid disorders, depending on whether the clonal
(neoplastic) process involves cells of the myeloid lineage
(granulocytes, monocytes, erythrocytes, platelets) or lym-
phoid lineage (lymphocytes, plasma cells). Within each
lineage, disease is classified as acute or chronic, depending
on the percentage of blasts in the bone marrow; more
than 20% defines acute leukemia. Accordingly, the
chronic myeloid disorders represent relatively mature pro-
liferative disorders of the myeloid lineage and are subdi-
vided into four major categories, including chronic
myeloid leukemia (CML), the myelodysplastic syndrome
(MDS), the chronic myeloproliferative diseases (CMPD),
and the atypical chronic myeloid disorders (ACMD).
Among the chronic myeloid disorders, CML is the easiest
to identify because of its specific association with the
Philadelphia chromosome or its molecular equivalent
(bcr/abl translocation). The morphologic demonstration
of dyserythropoiesis strongly suggests MDS; it is also char-
acterized by granulocyte and megakaryocyte dysplasia. In
addition, patients with MDS often display peripheral
blood cytopenia(s), while those with CML and CMPD
display peripheral blood cytosis.

The current classification of the CMPD includes essen-
tial thrombocythemia (ET), polycythemia vera (PV), and
agnogenic myeloid metaplasia (AMM). At present, there is

not one specific diagnostic marker for any of these three
clinico-pathologic entities, and a working diagnosis is for-
mulated by a set of laboratory and clinical features. The
fourth category of the chronic myeloid diorders, ACMD, is
reserved for a miscellaneous group of myeloid disorders
that do not fit into the other three categories. These include
mast cell disease, hypereosinophilic syndrome, chronic
neutrophilic leukemia, juvenile myelomonocytic leu-
kemia, chronic myelomonocytic leukemia, and undifferen-
tiated MDS/CMPD.

EPIDEMIOLOGY

In a population-based study from Olmsted County, Minn.,
annual incidence rates were 2.5/100,000 for ET,
2.3/100,000 for PV, and 1.3/100,000 for AMM (1–3). As is
true for most hematologic malignancies, the incidence
rates were significantly higher in the older age groups.
However, as many as 20% of patients with ET and 7% of
those with PV are younger than 40 years, and approxi-
mately 10% of those with AMM are younger than 50 years.
Women are overrepresented (1.6:1) in ET, whereas men
have a slight predominance in both PV and AMM. In all
three disorders, the median age at diagnosis is approxi-
mately 60 years. In general, the connection between disease
incidence and exposure to environmental factors has not
been strong.
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PATHOGENESIS

Studies based on analyses of glucose-6-phosphate dehy-
drogenase isoenzyme patterns and X-linked DNA analyses
have supported the stem cell origin of the clonal process
in the CMPD. New evidence suggests that both B and T
lymphocytes may also be clonally involved in AMM (4).
Recent studies have focused on the pathogenetic role of
genes regulating the production and expression of lineage-
specific growth factors (erythropoietin in PV and throm-
bopoietin in ET). So far, genetic lesions involving erythro-
poietin, thrombopoietin, or their receptors have not been
recognized in either PV or ET. In all CMPD but primarily
in PV, there is an abnormal growth factor response during
in vitro myeloid colony growth including both growth
factor-independence and hypersensitivity. Bone marrow
fibrosis is often demonstrated in AMM and also may de-
velop in the later stages of PV and ET. The process appears
to be reactive; circumstantial evidence and animal experi-
ments suggest the role of megakaryocyte- and/or mono-
cyte-derived growth factors, including transforming
growth factor-�, in its pathogenesis (5).

CLINICAL FEATURES AND PROGNOSIS

Essential Thrombocythemia

Essential thrombocythemia is a chronic state of increased
platelet count. Although the disorder does not significantly
compromise life expectancy during the first decade of the
disease (1), the clinical course may be complicated by fre-
quent vasomotor and thrombohemorrhagic events. Vaso-
motor symptoms result from platelet-mediated endothelial
injury in small vessels and include headache, erythromelal-
gia (burning pain and erythema of the hands or feet),
paresthesia, and visual symptoms. Although defective
platelets are believed to contribute to the abnormal throm-
bosis and bleeding associated with ET, the risk has not been
correlated with detectable qualitative or quantitative
platelet abnormalities.

Most patients with ET are asymptomatic. Approxi-
mately one-third of patients have vasomotor symptoms,
leukocytosis, or palpable splenomegaly. Bleeding compli-
cations are infrequent (5%) and usually inconsequential.
Thrombotic complications are more frequent (15%) and
can be life-threatening. The types of thrombotic complica-
tions are similar to those in PV (see later in this chapter).
The risk for thrombosis is highest in patients with a prior
history of thrombosis (31% per patient-year) and in those
who are older than 60 years (15% per patient-year) (1). In
the absence of these two risk factors, the risk for throm-
bosis is low (3%). It is important to note that the degree
of thrombocytosis has not been correlated with throm-
botic risk.

Polycythemia Vera

At presentation, patients may have symptoms and signs re-
lated to hyperviscosity and splenomegaly. These include
headaches, dizziness, visual symptoms, paresthesias, fa-
tigue, abdominal discomfort, weight loss, and night sweats.
Pruritus after bathing is a frequent but poorly understood
complaint (6). Clinical examination may reveal plethora
(facial fullness and erythema), retinal vein distention, and
palpable splenomegaly. More than half of all patients have
associated leukocytosis or thrombocytosis. Microcytosis is
frequent and indicates iron deficiency from phlebotomy or
occult gastrointestinal blood loss. Nonspecific additional
laboratory abnormalities include increases in the leukocyte
alkaline phosphatase score and in the serum vitamin B12

and uric acid levels.
Thrombotic events are frequent (20%) in PV and

include stroke, transient ischemic attack, retinal vein
thrombosis, central retinal artery occlusion, myocardial in-
farction, angina, pulmonary embolism, hepatic and portal
vein thrombosis, deep vein thrombosis, and peripheral ar-
terial occlusion. Similar to the situation in ET, thrombotic
risk correlates with advanced age and history of thrombo-
sis (2). In addition, the increased blood viscosity associated
with the increased red cell mass contributes to thrombosis.
Bleeding in PV is less frequent than in ET, and tends to oc-
cur in the gastrointestinal system. In addition, patients may
experience vasomotor disturbances. Compared with ET, PV
is more likely to undergo transformation into acute
leukemia and myelofibrosis.

Agnogenic Myeloid Metaplasia

The median survival in AMM may be as long as eight years
or as short as one year, depending, respectively, on the ab-
sence or presence of anemia and leukocytosis (7). Causes of
death include heart failure, infection, and leukemic trans-
formation; the latter occurs in approximately 10% of pa-
tients. Most patients experience progressive anemia requir-
ing frequent red blood cell transfusions, massive
hepatosplenomegaly, and the hypercatabolic symptoms of
profound fatigue, weight loss, night sweats, and low-grade
fever. In addition, in some patients, extramedullary
hematopoiesis may develop in the spinal cord, the pleural
and peritoneal cavity, and various organs. At presentation,
45% of patients will have a hemoglobin level of less than
10 g/dL, and 25% have thrombocytopenia, thrombocyto-
sis, or leukocytosis.

DIFFERENTIAL DIAGNOSIS AND 
INITIAL EVALUATION

Once a chronic myeloproliferative disease is suspected,
the initial step is to exclude the possibility of reactive
thrombocytosis in cases of ET (Table 95.1 and Figure
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95.1), apparent or secondary polycythemia in cases of PV
(Table 95.2 and Figure 95.2), and other causes of bone
marrow fibrosis in cases of AMM (Table 95.3). After the
possibility of a reactive process is ruled out, the next step
is to classify the chronic myeloproliferative disease accu-

rately. Accordingly, all patients in whom a reactive process
cannot be identified require a bone marrow examination with
cytogenetic studies.

With regards to the diagnosis of ET, one should first de-
termine the duration of thrombocytosis; acute onset suggests
reactive thrombocytosis while chronicity suggests ET. Initial
laboratory tests should include measurement of serum fer-
ritin and a peripheral blood smear examination (Figure
95.1). A low serum ferritin level is diagnostic of iron defi-
ciency, which is associated with reactive thrombocytosis.
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Figure 95.1 Diagnostic approach to the asymptomatic patient with thrombocytosis. CBC, com-
plete blood cell count; CRP, C-reactive protein; ET, essential thrombocythemia; RT, reactive throm-
bocytosis.

TABLE 95.1
CAUSES OF REACTIVE THROMBOCYTOSIS

Acute conditions

Immediate postsurgical period
Acute bleeding
Acute hemolysis
Infections
Tissue damage (acute pancreatitis, myocardial infarction, 

trauma, burns)
Coronary artery bypass procedure
Rebound effect from chemotherapy or immune

thrombocytopenia

Chronic conditions

Iron-deficiency anemia
Surgical or functional asplenia
Metastatic cancer, lymphoma
Inflammatory disorders (rheumatoid arthritis, vasculitis, allergies)
Renal failure, nephrotic syndrome

TABLE 95.2
CAUSES OF ACQUIRED SECONDARY
POLYCYTHEMIA

Appropriate erythropoietin response

Chronic lung disease
Arteriovenous or intracardiac shunts
High-altitude habitat
Continuous carbon monoxide exposure (smoking)

Pathologic erythropoietin production

Tumors (liver, kidney, cerebellum)
Uterine fibroids
After renal transplantation
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However, a low serum ferritin does not exclude the possibil-
ity of ET. Similarly, the demonstration of Howell-Jolly bod-
ies in the peripheral blood smear suggests reactive thrombo-
cytosis associated with functional or surgical hyposplenism.
Measurement of the serum C-reactive protein level helps ad-
dress the possibility of an underlying occult inflammatory or
malignant process. C-reactive protein level should be nor-
mal in uncomplicated ET and increased in most cases of re-
active thrombocytosis. If all of these tests are unrevealing, a
bone marrow examination is indicated; the characteristic
finding in ET is megakaryocyte clusters.

In regards to PV diagnosis, it is no longer necessary to
perform red cell mass and plasma volume measurements
in view of the current availability of PV-characteristic bio-
logic tests. Similarly, the Polycythemia Vera Study Group
criteria (which utilized measues of red cell mass, leukocyte
alkaline phosphatase, and vitamin B12 levels) are neither
essential nor accurate in the diagnosis of PV. Instead, it is
much more practical to follow a diagnostic algorithm that
utilizes clinical and bone marrow biopsy information in
combination with one or more pertinent special laboratory
tests (Figure 95.2).

The first step in the diagnostic evaluation of “poly-
cythemia” is to determine whether or not PV should be sus-
pected. PV should be suspected if the hemoglobin level in
a male Caucasian is above 17.5 g/dL (or the corresponding
sex- and race-adjusted value for females or African-
American males). It should also be suspected if a high-

normal hemoglobin is associated with either a PV-
characteristic clinical feature or a documented increase
from an individual’s basline hemoglobin level. Otherwise,
a repeat blood count in three months should suffice.

In the presence of one of the above mentioned criteria
for suspecting PV, the next step is to measure the serum ery-
thropoietin level. Unlike all other causes of erythrocytosis,
the erythroid proliferation in PV is erythropoietin-
independent, and therefore it down-regulates erythropoi-
etin production. As a result, serum erythropoietin levels are
usually low, occasionally normal, but never increased in PV
(Figure 95.2). Accordingly, PV should remain in the differ-
ential diagnosis in the presence of either low or normal
EPO level. The next step is bone marrow examination with
cytogenetic studies. An experienced hematopathologist is
able to identify the histologic features of CMPD in general
and PV in particular in the majority of cases. Occassionally,
the diagnosis remains uncertain despite the information
from bone marrow biopsy. In such instances, depending
on availability, specialized tests may be utilized for further
clarification.

The presence of substantial bone marrow fibrosis re-
quires that other causes of fibrosis be excluded before AMM
is diagnosed (Table 95.3). In this regard, particular atten-
tion should be paid to the possibility of either CML or
MDS, since their prognosis and treatment are substantially
different. The rates of cytogenetic abnormalities are 12% in
untreated PV, 6% in ET, and 30% in AMM.
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Figure 95.2 A practical algorithm for the
diagnosis of polycythemia vera (PV). aSpecial-
ized testing includes bone marrow immuno-
histochemistry for the thrombopoietin recep-
tor (c-Mpl), reverse transcriptase-polymerase
chain reaction (RT-PCR) for neutrophil expres-
sion of polycythenia rubra vera (PRV)-1 gene,
and spontaneous erythroid colony assay.
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LONG-TERM MANAGEMENT

Essential Thrombocythemia

The use of acetylsalicylic acid (aspirin) in low doses (81
mg/d) is effective in controlling vasomotor symptoms.
The use of platelet-lowering (cytoreductive) agents is pri-
marily for prevention of thrombosis. The risk for throm-
bosis is very low in patients less than 60 years of age who
do not have a history of thrombosis. Therefore, these pa-
tients may not require cytoreductive therapy. The use of
these drugs in low-risk women of childbearing age is par-
ticularly discouraged.

In high-risk patients (prior history of thrombosis or age
�60 years), hydroxyurea has been shown to reduce
thrombotic events significantly, when compared with no
treatment (8), and therefore its use is reasonable in this
population. There is no hard evidence that hydroxyurea is
leukemogenic when used in ET. Two other drugs, oral
anagrelide and subcutaneous interferon-�, might also be
used to lower platelet counts in patients with ET. With
anagrelide therapy, side effects occur in one-third of pa-
tients and include headache, fluid retention, dizziness,
palpitations, tachycardia, diarrhea, and rarely congestive
heart failure. The response rate is more than 90%, and re-
sponse occurs at a median time of 3 weeks. Anagrelide
does not significantly affect the leukocyte count, but may
cause severe anemia in approximately 25% of treated pa-
tients (9).

Interferon-� controls thrombocytosis, splenomegaly,
and disease-associated symptoms in approximately 80%
of patients with ET. The average response time is 12
weeks. Side effects include a transient influenza-like syn-
drome associated with fever and chills, myalgias,
headache, and arthralgias. Chronic side effects include fa-
tigue, nausea, anorexia, weight loss, diarrhea, increase in
liver transaminases, altered mental status, and depression.
Currently, hydroxyurea is the first line choice of drug ther-
apy in ET regardless of age unless in women of childbear-
ing age. In this regard, a recent randomized study demon-
strated a significantly better anti-thrombotic as well as
anti-hemorrhagic effect with hydroxyurea than with ana-
grelide. Furthermore, patients treated with anagrelide had
a higher risk of transformation into myelofibrosis (10).
Regardless of the particular platelet-lowering agent used, it
is recommended that the platelet count be kept below
400,000/�L (9).

Polycythemia Vera

Based on currently available information, recommenda-
tions for the management of patients with PV are as fol-
lows: all patients should undergo phlebotomy to keep the
hematocrit below 45% in men and 42% in women. Ap-
proximately 500 mL of blood may be removed daily (in
symptomatic patients) or weekly (in asymptomatic
patients) until the target hematocrit level is reached. There-
after, the frequency of phlebotomy is adjusted to maintain
the required hematocrit level at all times. In addition, a
recent randomized study has demonstrated the anti-
thrombotic value of low-dose aspirin in all risk categories
of PV (11). In patients at high risk, hydroxyurea can be used
to supplement phlebotomy (2).

For patients who do not tolerate hydroxyurea because of
either side effects or neutropenia, interferon-� is a reason-
able alternative. Interferon-� may also be considered as an
alternative to hydroxyurea in women of childbearing age. A
recent study involving over 1,600 patients with PV did not
show increased leukemogenicity associated with single
agent use of hydroxyurea (12). Phosphorus-32 may be con-
sidered if a patient’s life expectancy is less than 10 years and
when compliance with medication is an issue. Low-dose
acetylsalicylic acid (81 mg/d) is effective for alleviating va-
somotor symptoms and can be used if other treatment in-
dications are present. 

Agnogenic Myeloid Metaplasia

In young patients with AMM, allogeneic bone marrow
transplantation sometimes leads to durable remissions
(Chapter 96). Otherwise, most patients are treated pallia-
tively. The combination of an androgen preparation (flu-
oxymesterone, 20 mg/d) and a corticosteroid improves
anemia in one-third of patients (7). After one month of
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TABLE 95.3
CAUSES OF BONE MARROW FIBROSIS

Myeloid disorders

Chronic myeloproliferative diseases
Myelodysplastic syndrome
Acute myelofibrosis
Acute myeloid leukemia
Mast cell disease
Malignant histiocytosis

Lymphoid disorders

Lymphomas
Hairy cell leukemia
Multiple myeloma

Non-hematologic disorders

Metastatic cancer
Connective tissue disease
Infections
Vitamin D-deficiency rickets
Renal osteodystrophy
Gray-platelet syndrome

26410 ch 095  3/25/05  11:11 AM  Page 951



therapy, fluoxymesterone is continued in responding pa-
tients and the corticosteroid is tapered. All patients treated
with androgens should undergo periodic monitoring of
serum liver chemistries, and male patients should be
screened for prostate cancer before therapy is initiated. In
addition, the virilizing side effects should be emphasized to
female patients. Periodic red cell transfusion remains the
major supportive therapy in AMM. Recent studies suggest
that anemia in AMM may sometimes respond to either ery-
thropoietin (13) or a combination of low-dose thalido-
mide and prednisone (14).

Splenectomy is considered for patients who have symp-
tomatic splenomegaly (mechanical discomfort, refractory
thrombocytopenia, hypercatabolic symptoms, or portal
hypertension) (15). If laboratory evidence of disseminated
intravascular coagulation is noted before splenectomy, the
risk for perioperative bleeding may be increased, and it is
recommended that the operation be postponed until the
abnormalities are corrected. At experienced centers, the
mortality rate for splenectomy should be less than 10%.
Postsurgical complications include intraabdominal bleed-
ing, subphrenic abscess, sepsis, thrombosis of large vessels,
extreme thrombocytosis, and accelerated hepatomegaly.
Thrombocytosis and hepatomegaly may be transiently con-
trolled with hydroxyurea.

After splenectomy, almost all patients experience relief
of hypercatabolic symptoms and portal hypertension. In
addition, approximately one-third of the patients with re-
fractory anemia benefit from splenectomy. In poor surgical
candidates, the alternative to splenectomy is splenic irradi-
ation, which usually provides a transient (3–6 months)
benefit. Radiation therapy is most useful in the manage-
ment of extramedullary hematopoiesis (16).

ISSUES DURING HOSPITALIZATION

The major indications for hospitalization of patients with
PV and ET are thrombosis and bleeding. In AMM, indica-
tions for hospitalization include severe cachexia,
extramedullary hematopoiesis involving the central ner-
vous system, and scheduled splenectomy. Infrequent in-
dications for hospitalization include acute leukemic
transformation and life-threatening infections. Clinical
situations that do not require hospitalization include
asymptomatic thrombocytosis, erythrocytosis, leukocyto-
sis, or marked hepatosplenomegaly. However, if these
conditions are associated with bleeding, thrombosis, or
severe pain (the latter may accompany splenic infarction),
then hospitalization may facilitate prompt cytapheresis
and pain control.

In the patient with thrombosis or bleeding, initial eval-
uation should include a complete blood cell count and de-
termination of the prothrombin and activated partial
thromboplastin times and bleeding time. (See Chapter 98
for a discussion of the more detailed evaluation of patients

with abnormal thrombosis or bleeding.) When a patient
with myeloproliferative disease is bleeding or has pro-
longed prothrombin or partial thromboplastin times, mea-
surement of coagulation factors may reveal an acquired fac-
tor V deficiency. In the patient being prepared for
splenectomy, tests for disseminated intravascular coagula-
tion are recommended because an elevated D-dimer level
may be associated with increased perioperative bleeding.
The imaging tests of choice are ultrasonography for sus-
pected thrombosis of abdominal large vessels (portal and
hepatic vein thrombosis), computed tomography for sus-
pected central nervous system thrombosis or bleeding and
for splenic infarcts, and magnetic resonance imaging for
suspected extramedullary hematopoiesis involving the cen-
tral nervous system.

Thrombosis

Patients with thrombosis should be anticoagulated unless
there are contraindications (see Chapters 52 and 53 for
general discussions regarding the initiation of heparin and
warfarin therapy). Oral hydroxyurea should be started at
the following dosages: 1 g four times a day for three days
if the platelet count is more than 1 million/�L; 1 g two
times a day if the count is 600,000/�L–1 million/�L; and
500 mg two times a day if the count is 400,000/�L–
600,000/�L. In addition, the blood bank should be con-
tacted for immediate platelet apheresis if the platelet
count is more than 800,000/�L. In patients with PV, phle-
botomy should be performed daily until the hematocrit is
less than 45% in men and 42% in women. Oral allopuri-
nol should be started at a dose of 300 mg/d (100 mg/d if
the creatinine value is �2 mg/dL) if the leukocyte count is
more than 30,000/�L.

Heparin therapy is discontinued after a 5 day overlap
with warfarin. In general, thrombocytosis and erythrocy-
tosis are considered reversible risk factors for thrombosis,
and warfarin therapy is continued for three months (tar-
get international normalized ratio of between 2.0 and
3.0) after the thrombotic event. In the presence of addi-
tional prothrombotic traits, more prolonged warfarin
therapy may be required. After the first three days, the
dose of hydroxyurea is adjusted to keep the platelet count
below 400,000/�L without reducing the leukocyte count
to below 2,000/�L. If a low leukocyte count does not al-
low the use of hydroxyurea, oral anagrelide at a dosage of
0.5 mg four times a day may be used instead. A high
leukocyte count not associated with a high blast percent-
age does not require cytapheresis.

Bleeding

The first step in the management of bleeding complica-
tions is to discontinue the use of any antiplatelet agent. If
the platelet count is less than 10,000/�L, platelet transfu-
sion is recommended. Initial laboratory evaluation should
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include an evaluation for disseminated intravascular coag-
ulation and coagulation factor deficiency. Acquired factor
V deficiency is treated with fresh frozen plasma infusion
or platelet concentrates. Occasionally, extreme thrombo-
cytosis is associated with acquired type II von Wille-
brand’s disease because of abnormal platelet adsorption
of circulating von Willebrand’s factor multimers. As such,
platelet apheresis is recommended for bleeding associated
with thrombocytosis. Concomitantly, therapy with a
platelet-lowering agent should be started. See Chapter 98
for a fuller discussion of the management of abnormal
bleeding.

Extramedullary Hematopoiesis

Extramedullary hematopoiesis can occur at several loca-
tions, including the spleen, liver, lymph nodes, peri-
toneum (causing ascites), pleura (causing pleural
effusions), lung, bladder, and paraspinal and epidural
spaces (causing spinal cord and nerve root compression).
A patient with new-onset back pain should be evaluated
for possible spinal cord compression. Neurologic symp-
toms and signs of spinal cord compression include
paresthesia, motor weakness, hyperreflexia, and bladder
or bowel incontinence. Magnetic resonance imaging with
gadolinium is the preferred initial diagnostic test. If the
clinical data are highly suggestive of cord compression,
the patient should receive 10 mg of oral dexamethasone
even before imaging is performed. If the test supports the
diagnosis, dexamethasone should be continued at 4 mg
orally four times a day until definitive treatment with ir-
radiation is started. The steroid dose should be tapered
during the course of radiation therapy. Extramedullary
hematopoiesis is best treated with low-dose irradiation
(1,000 cGy) in 5 to 10 fractions. Occasionally, a laminec-
tomy may be required.

COST CONSIDERATIONS

Patients with chronic myeloproliferative diseases are usu-
ally managed in the outpatient setting. Attention to labora-
tory details prevents inadequate disease control and
reduces the incidence of complications requiring hospital-
ization and other costly measures such as emergency cyta-
pheresis. In addition, anticoagulant therapy for thrombosis
with subcutaneous low-molecular-weight heparin may be
administered on an outpatient basis.

There are substantial cost differences among the cur-
rently available platelet-lowering agents. The three most
frequently used agents (hydroxyurea, anagrelide, and inter-
feron-�) are similar in their ability to lower platelet counts
but differ significantly in their side effect profile and cost.
At the time of this writing, the annual drug costs for the

usual doses of these agents are $1,700 for hydroxyurea,
$6,300 for anagrelide, and $8,600 for interferon-�.

KEY POINTS

■ The chronic myeloproliferative disorders represent rela-
tively mature proliferative disorders. They include
chronic myelogenous leukemia, essential thrombo-
cythemia, polycythemia vera, and agnogenic myeloid
metaplasia.

■ Patients with essential thrombocythemia are usually
asymptomatic but may have vasomotor symptoms,
bleeding, or thrombosis. Patients with polycythemia
vera are more commonly symptomatic and more often
suffer thrombotic events. Patients with agnogenic
myeloid metaplasia are often symptomatic; they usually
have progressive, transfusion-dependent anemia.

■ In general, chronic myeloproliferative disorders are diag-
nosed by bone marrow examination, performed after re-
active disorders have been excluded.

■ The following are key principles in the management of
patients with essential thrombocythemia and poly-
cythemia vera:
—The patient should avoid smoking and using high

doses of aspirin or nonsteroidal agents.
—Aspirin (81 mg/d) is safe and effective for treating

vasomotor symptoms.
—Asymptomatic young women may not require platelet-

lowering agents.
—In patients older than 60 years and in those with a his-

tory of thrombosis, the platelet count should be kept
below 400,000/�L in both essential thrombocythemia
and polycythemia vera.

—In patients with polycythemia vera, the hematocrit
should be kept below 45% in men and 42% in women.
This is accomplished by phlebotomy, supplemented
by hydroxyurea in patients at high risk for thrombosis.
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Hematopoietic Cell

Transplantation
Frederick R. Appelbaum

INTRODUCTION

Biology of Hematopoietic Cell
Transplantation

Bone marrow transplantation was the generic term used to
describe the collection and transplantation of hematopoi-
etic stem cells for therapeutic purposes. With the increas-
ing use of peripheral blood and umbilical cord blood as
sources of stem cells, hematopoietic cell transplantation has
now become the preferred generic term for this procedure.
The basic technique of hematopoietic cell transplantation
is relatively straightforward. Following an appropriate pre-
treatment evaluation and identification of a source of
stem cells, patients are first treated with a high-dose
“preparative” regimen. This serves to eradicate the disease
being treated and induce a sufficient degree of immuno-
suppression for the patient to be able to adequately accept
the marrow graft. Following the preparative regimen,
hematopoietic stem cells from an appropriate donor or
previously harvested from the patient, are administered
intravenously. After transplantation, patients require in-
tensive supportive care until marrow function has been re-
stored. Although simple in concept, transplantation is a
complex procedure and is best carried out at centers spe-
cializing in the approach.

Several characteristics of the hematopoietic stem cell
make transplantation possible and broadly applicable.
First, it is amenable to cryopreservation, a relatively straight-
forward freezing and rethawing process. Second, the
hematopoietic stem cell has enormous regenerative capac-
ity and gives rise to a wide variety of mature progeny. In hu-
mans, transplanting as little as a few million highly purified
stem cells can result in complete and sustained engraftment.

This occurs with subsequent production of all of a patient’s
red cells, granulocytes, and T- and B-cells, in addition to pul-
monary alveolar macrophages, Kupffer cells of the liver,
osteoclasts, Langerhans cells of the skin, and microglial cells
of the brain. Finally, the remarkable homing capacity of the
hematopoietic stem cell greatly simplifies the process of
transplantation. Following intravenous infusion, a substan-
tial proportion of hematopoietic stem cells collect in the
bone marrow.

The source of hematopoietic stem cells used for trans-
plantation can be defined by the relationship between the
donor and the recipient, and also according to their
anatomic source.

Donor–Recipient Relationship

The three broad categories defined by the relationship be-
tween donor and recipient are syngeneic (identical twins),
autologous (self-harvest), and allogeneic (genetically dissimi-
lar individuals). The source of first choice is an identical
twin (syngeneic transplant). In syngeneic transplantation,
there is no risk that stem cells will be contaminated with
tumor, as can happen in autologous transplantation, and
there is no risk for the development of graft-versus-host
disease (GVHD), as there is in allogeneic transplantation.
Autologous transplantation may be appropriate if the
primary purpose of the transplant is to administer higher
doses of chemotherapy or systemic radiotherapy than
would be possible without transplantation. Autologous
transplantation also has the advantage of avoiding GVHD.
Nonetheless, an autologous transplant carries the dual
disadvantages of lacking a graft-versus-tumor effect and of
possibly being contaminated with the patient’s tumor. Al-
logeneic transplantation is considerably more complicated
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than syngeneic or autologous transplantation. It carries
the related risks of graft rejection and GVHD. Because the
donor and the recipient are genetically different, the
immune system of the patient can reject the transplanted
marrow. At the same time, the immune-competent cells
developing from, or transplanted with, the stem cell inocu-
lum can react against the new host, causing GVHD.

Matching

For an allogeneic transplant to be successful, a close, if not
identical, match of HLAs (human leukocyte antigens) is
necessary. With greater HLA disparity between donor and
host, there is greater immunologic reactivity between the
two. This immunologic reactivity is, for the most part,
mediated by T-cells reacting with histocompatibility anti-
gens encoded by genes of the major histocompatibility
complex (MHC). The HLAs produced by the genes of
the MHC are a group of molecules that bind endogenous
or exogenous antigenic peptides and present them on the
cell surface, an important step in mediating an immune
response. The HLA molecules themselves are termed major
determinants. If T-cells are exposed to cells of a different
HLA type, they will react vigorously to the mismatched
HLA antigens on the cell surface. T-cells exposed to cells
from HLA-matched but nonsyngeneic individuals may also
react, although less vigorously, because endogenous pro-
teins presented by the HLA molecules differ. Such differ-
ences are termed minor determinants.

The probability of success in allogeneic transplants is
greatest when siblings are HLA-identical. For any given
patient, the likelihood that a specific sibling will be HLA-
identical is one in four. Given the average size of American
families, approximately 35% of patients have an HLA-identical
sibling. The results when a transplant from a family mem-
ber donor mismatched for a single antigen is used are
nearly equivalent in terms of survival, although there is a
higher incidence of GVHD. Results using matched unre-
lated donors are approaching those seen using matched or
single antigen-mismatched family member donors, al-
though the incidence of GVHD and graft rejection may be
somewhat higher using unrelated donors (1). In most
studies, the use of transplants from donors mismatched for
two or more antigens has resulted in a substantially higher
incidence of fatal GVHD or graft rejection and lower
posttransplant survival. The HLA antigens are extremely
polymorphic; therefore, the likelihood that any two unre-
lated persons would match is extremely low—less than 1 in
10,000. Finding an HLA-matched unrelated donor is possi-
ble because of the formation of various donor registries,
through which more than 7 million normal persons have
volunteered to provide stem cells for an unrelated patient.
Currently, the odds of finding an HLA-matched unrelated
donor are approximately 60%. On average, it requires three
months from the time a search is initiated to identify a
donor and schedule the transplant.

Location of Harvested Stem Cells

The source of stem cells can also be categorized according
to their anatomic location. Traditionally, the source of stem
cells has been the bone marrow. Marrow is usually ob-
tained by multiple aspirations from the anterior and poste-
rior iliac crests. Hematopoietic stem cells also circulate in
the peripheral blood, although at very low numbers. The
concentration of stem cells in peripheral blood increases
dramatically during recovery from cytotoxic therapy or fol-
lowing administration of a hematopoietic growth factor,
such as granulocyte colony-stimulating factor (G-CSF) or
granulocyte-macrophage colony-stimulating factor (GM-
CSF). With such pretreatment, sufficient stem cells for
autologous or allogeneic engraftment can be obtained by
leukapheresis. Use of peripheral blood stem cells is generally
associated with a more rapid engraftment than is seen with
the use of bone marrow. Umbilical cord blood contains a
high concentration of hematopoietic stem cells, and cord
blood can be used as a source of stem cells for transplanta-
tion (2). Cord blood is relatively devoid of mature T cells.
As a consequence, the risk for GVHD is less with cord
blood, but the risks of graft rejection tend to be higher. Be-
cause of the limited numbers of stem cells within cord
blood, engraftment tends to be slower than when periph-
eral blood stem cells or marrow are used.

INDICATIONS FOR HEMATOPOIETIC
CELL TRANSPLANTATION

As outlined in Table 96.1, hematopoietic cell transplanta-
tion can be used successfully in children with congenital
immunodeficiency states. The technique is also widely
used to provide a normal lymphohematopoietic system
to patients with severe but nonmalignant disorders of
hematopoiesis. Aplastic anemia is readily curable with mar-
row transplantation. With use of the optimal preparative
regimen, cure rates of 90% have been reported following
HLA-matched sibling transplantation. Hematopoietic cell
transplantation is also used in the treatment of patients
with hemoglobinopathies. Cure rates of 70%–90% have been
reported in the treatment of thalassemia major, with the
best results seen in patients undergoing transplantation be-
fore the development of hepatomegaly or portal fibrosis.
Similar results have been reported in the treatment of sickle
cell anemia, although fewer patients have been studied (3).

Hematopoietic cell transplantation plays a major role in
treating a variety of malignant diseases by allowing for the
administration of far higher doses of chemotherapy and
systemic radiotherapy than would be possible without
marrow support. In addition, in the allogeneic setting, cells
derived from the transplant provide an immunologic graft-
versus-tumor effect. Although the antitumor effects of the
dose escalation and graft-versus-tumor reaction provided
by the transplant are considerable, they are not sufficient to
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allow for meaningful responses in tumors that are com-
pletely refractory to standard-dose treatment. Thus, the
major utility of transplantation has been in the treatment
of hematologic malignancies and other chemotherapy-
responsive tumors.

Hematopoietic cell transplantation is the only curative
therapy for patients with acute myeloid leukemia who have
failed initial induction chemotherapy, and it is generally
considered to be the treatment of choice for patients who
relapse after an initial complete response (Chapter 93).
Whether patients should undergo transplantation while in
first remission is a topic of considerable study. The bulk of
recent evidence from randomized controlled trials favors
allogeneic transplantation, especially for patients with
high-risk AML as determined by cytogenetic risk factors.
The evidence for autologous transplantation for AML in
first remission is more equivocal (4). The indications for
transplantation for adult acute lymphoblastic leukemia are
similar to those noted above for AML, except that there is
less evidence addressing the role of transplantation for
adult patients with acute lymphoblastic leukemia in first
remission (5).

Allogeneic and syngeneic transplantation are the only
therapies capable of curing patients with chronic myeloge-
nous leukemia (CML). Five-year disease-free survival rates of
60%–70% for patients who undergo transplantation dur-
ing chronic phase, 30%–40% for transplantation during

accelerated phase, and 15%–20% for transplantation dur-
ing blast crisis can be expected. The best results with trans-
plantation have been obtained when the procedure is car-
ried out within the two years of diagnosis. However,
recommendations for early transplantation are compli-
cated by the development of imatinib mesylate, a very ef-
fective, relatively nontoxic oral agent. Because imatinib
does not generally result in complete molecular remissions
in CML, allogeneic transplantation remains an important
option for younger patients with matched donors. Older
patients and those without matched donors should gener-
ally be treated initially with imatinib. Results of transplan-
tation for the treatment of myelodysplastic syndrome in many
ways mirror those seen in chronic myelogenous leukemia.
Although transplantation is the only curative therapy for
myelodysplastic syndrome, patients with refractory anemia
can live with their disease for a long period, which makes
recommendations about early versus delayed transplanta-
tion complex.

Patients with disseminated intermediate- or high-grade
non-Hodgkin’s lymphoma who fail to achieve an initial com-
plete remission or who relapse after first remission should
be considered for transplantation (Chapter 94). In one
study, the 5-year disease-free survival of patients who un-
derwent autologous transplantation for recurrent non-
Hodgkin’s lymphoma was 46%, compared with 12% for
patients undergoing chemotherapy (6). The role of trans-
plantation for patients with high-risk non-Hodgkin’s lym-
phoma in first remission is unsettled. In general, the results
with Hodgkin’s disease mirror those seen in non-Hodgkin’s
lymphoma, but large randomized trials comparing results
of transplantation with those seen with chemotherapy have
not been reported.

Allogeneic transplantation results in approximately
35% survival for patients with multiple myeloma who have
failed first-line therapy. Because of substantial morbidity
and mortality associated with the procedure, most experts
do not currently recommend allogeneic transplantation
during first remission. Autologous transplantation pro-
vides less potential for cure but is considerably safer. In one
large trial, autologous transplantation during first remis-
sion substantially improved disease-free and overall sur-
vival (7). A novel approach of autologous transplantation
followed by nonmyeloablative allogeneic transplantation
shows great promise in the treatment of myeloma.

The role of high-dose chemotherapy followed by autol-
ogous transplantation in the treatment of breast cancer is
controversial. Although promising phase II results were
reported both in patients with stage IV disease and in
patients with high-risk stage II disease, the early results
of randomized trials have been more equivocal. High-dose
chemotherapy followed by autologous transplantation
has also been studied in a variety of other chemotherapy-
sensitive solid tumors, including neuroblastoma, testicular
cancer, ovarian cancer, and pediatric sarcomas, but ran-
domized trials have not yet been reported.

Chapter 96: Hematopoietic Cell Transplantation 957

TABLE 96.1
DISEASE-FREE SURVIVAL AFTER BONE
MARROW TRANSPLANTATION

5-year disease-free
Disease survival (%)

Severe combined immunodeficiency 90
disease

Aplastic anemia 90
Thalassemia major 70–90
Sickle cell disease 70–90
Fanconi’s anemia 50–70
Acute myeloid leukemia

First remission 40–70
Second remission 30

Acute lymphocytic leukemia
First remission 40–70
Second remission 30–50

Chronic myeloid leukemia
Chronic phase 60–70
Accelerated phase 30–40
Blast crisis 15–20

Myelodysplastic syndrome 45
Non-Hodgkin’s lymphoma, first relapse 40–50
Hodgkin’s disease, first relapse 40–60
Multiple myeloma 35
Breast cancer

High-risk stage II 70
Chemotherapy-responsive stage IV 10–30
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HOSPITAL CARE OF THE
HEMATOPOIETIC CELL 
TRANSPLANT PATIENT

Preparative Phase and Early 
Posttransplant Issues

Chemotherapy, radiation therapy, or both are adminis-
tered during the preparative phase of the pretransplant
period. To optimize the safety and effectiveness of the
preparative regimen, the physician must be aware of
the unique features of each of the drugs used in the prepar-
ative regimen. Specific chemotherapy toxicities are dis-
cussed in Chapter 90. General guidelines relating to the
care of patients in the preparative phase are presented in
the following sections.

General Supportive Care

Nausea and vomiting are frequent immediate side effects
of the chemotherapy and radiation used in most prepara-
tive regimens. Prevention of nausea and vomiting is far
preferable to reacting to symptoms once they develop.
High-dose cyclophosphamide and cisplatin are highly
emetogenic, whereas melphalan, thiotepa, busulfan, pacli-
taxel (Taxol), etoposide, and total body irradiation (TBI)
are moderately so. The use of intravenous antiemetics be-
fore and during the administration of highly emetogenic
agents can control nausea and vomiting in 70%–90% of
cases. Oral antiemetics are often sufficient if the agents
used in the preparative regimen are of low-or-moderate
emetogenic potential. See Chapter 90 for a discussion of
therapeutic options.

Patients who began the transplant preparative regimen
with hematologic malignancies in relapse are at risk for the
development of the acute tumor lysis syndrome. See Chap-
ter 94 for a complete discussion of the prevention and treat-
ment of this entity.

Total Body Irradiation

Total body irradiation can be administered as a single
dose, fractionated over several days with single fractions
given daily, or hyperfractionated with multiple doses
given two or more times a day for several days. TBI is gen-
erally administered at a slow rate (7–15 cGy/min), so that
single-dose TBI may require 2–3 hours, whereas individ-
ual fractions may take 15–30 minutes. Single-dose TBI is
more toxic and no more effective than fractionated TBI.
Patients receiving fractionated TBI become nauseated
later in the day if not given antiemetics. Parotitis and pan-
creatitis are rare early complications of TBI. Mucositis,
diarrhea, alopecia, and severe pancytopenia are expected
complications that develop during 1–2 weeks follow-
ing TBI.

Stem Cell Collection and Infusion

Marrow is usually obtained by multiple aspirations from
the donor’s (or in the autologous setting, the patient’s) an-
terior and posterior iliac crests. A total marrow volume of
10–15 mL/kg of donor weight is usually obtained. The
number of marrow cells infused correlates with survival fol-
lowing allogeneic marrow transplantation, with a higher
number of cells being associated with a more favorable out-
come. Following donation, pain at the site of aspiration
invariably occurs but is usually manageable with oral anal-
gesics. Serious complications are uncommon and usually
limited to local hematomas or infection. If peripheral
blood stem cells are to be used, the donor is generally
treated with a hematopoietic growth factor for 4–5 days.
Following this, leukapheresis is performed over 1–3 days
depending on the collection yield. The bone pain some-
times caused by the high doses of myeloid growth factors
used for mobilization usually responds well to hy-
drocodone or similar oral analgesics (Chapter 18).

Stem cells are generally infused shortly after the prepara-
tive regimen has been completed, usually within 24–48
hours, depending on the amount of time needed to clear the
last chemotherapeutic agent. In cases of ABO incompatibil-
ity, the red cells or plasma from the marrow may need to be
removed before transplant to prevent transfusion reactions.
Possible complications of fresh stem cell infusions include
volume overload, mild transfusion reactions, and occasional
allergic reactions to plasma proteins or other marrow com-
ponents. Occasionally, a patient may complain of dyspnea,
chest pain, and cough during marrow infusion. Slowing of
the infusion and administration of oxygen usually relieve
these symptoms. For autologous transplantation, the mar-
row or peripheral blood has been cryopreserved, usually
with dimethylsulfoxide. Reactions are common following
infusion of previously cryopreserved stem cells, both
because many cells lyse during thawing and because some
patients are sensitive to dimethylsulfoxide. Nausea, vomit-
ing, and hypotension are the most frequently seen compli-
cations. To lessen these symptoms, premedication with
diphenhydramine and dexamethasone is often given.

Prophylaxis for Graft-versus-Host Disease

Patients undergoing allogeneic transplantation generally
require some form of GVHD prophylaxis. The most com-
monly used regimens have included a combination of
methotrexate administered on post-transplant days 1, 3, 6,
and 11, together with cyclosporine given daily from the
time of transplant until day 50 and then tapered. Although
it is sometimes difficult to administer methotrexate soon
after transplant to patients with severe mucositis, studies
have demonstrated that omission of methotrexate doses re-
sults in an increased incidence of GVHD. Cyclosporine is
usually administered intravenously at a dose of 1.5 mg/kg
every 12 hours, or orally at a dose of 6 mg/kg every
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12 hours. Cyclosporine is a potent immunosuppressant
and has a number of significant side effects (Chapter 102).
If GVHD develops and a patient’s blood levels of cy-
closporine are low, increasing the cyclosporine dose is
appropriate. Other agents sometimes used as GVHD pro-
phylaxis include prednisone, tacrolimus and monoclonal
antibodies directed at T-cells or T-cell subsets.

EARLY COMPLICATIONS (DAYS 1 TO 21
AFTER TRANSPLANT)

Figure 96.1 summarizes posttransplant complications in
terms of time of onset.

Neutropenia

Virtually all patients become severely neutropenic follow-
ing transplant. The duration of neutropenia is generally
from 7–21 days, depending on the source of stem cells,
whether methotrexate is used to prevent GVHD, and
whether hematopoietic growth factors are used. Periph-
eral blood stem cells generally engraft most quickly, often
by posttransplant day 10, whereas cells from cord blood
take the longest, on average 25 days or more. Methotrex-
ate delays engraftment by 3–5 days, and the use of

hematopoietic growth factors accelerates engraftment by
4–6 days.

To reduce the risk for infection during the neutropenic
period, patients are usually treated in some sort of pro-
tected environment, with either laminar air flow isolation
or HEPA (high-efficiency particulate air) filtering. Careful
hand washing and avoidance of contact with anyone hav-
ing a communicable disease are absolutely necessary. Be-
cause the risk for bacterial infection is so great, most centers
initiate antibiotic therapy once the granulocyte count falls
below 500/�L. Fluconazole prophylaxis at a dose of
200–400 mg/d reduces the risk for candidal infections. In
patients who are seropositive for Herpes simplex virus, severe
local or disseminated disease can develop early after trans-
plant, but this can be prevented in most patients by the use
of acyclovir prophylaxis (either 250 mg/m2 intravenously
every 12 hours or 500 mg/m2 orally twice daily). Despite
the use of protected environments and various prophylac-
tic regimens, most patients become febrile while neu-
tropenic. See Chapter 63 for a complete discussion of the
approach to this problem.

Thrombocytopenia

Platelet transfusions are routinely used to prevent bleeding
in severely thrombocytopenic patients. In general, platelets
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Figure 96.1 Major syndromes complicating marrow transplantation. An approximate time
frame for some of the major complications occurring during the first year after transplant. CMV, cy-
tomegalovirus; GVHD, graft-versus-host disease; HSV, Herpes simplex virus; VOD, veno-occlusive
disease of the liver; VZV, varicella-zoster virus.
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are transfused once the platelet count drops below
20,000/�L, but a lower threshold of 10,000/�L can be used
for clinically stable afebrile patients without evidence of
hemorrhage (Chapters 93 and 98). Attention must be paid
to the cytomegalovirus (CMV) serologic status of the pa-
tient (see the “Infection” section later in this chapter).
Platelets should be irradiated with 2,500 cGy before infu-
sion to prevent accidental engraftment and the develop-
ment of transfusion-induced GVHD.

Mucositis

Oropharyngeal mucositis is an almost invariable result of
most preparative regimens and may range from mild to se-
vere. The first signs of mucositis appear within the first
week after completion of the preparative regimen and usu-
ally peak at about 2 weeks. Intensive management of mu-
cositis can significantly lessen symptoms. Oral rinsing with
0.9% saline solution every hour while the patient is awake
helps keep tissue clean and debrided. If mucous mem-
branes are intact, topical analgesics like viscous lidocaine
or a mixture of dicyclomine HCl and diphenhydramine
may relieve local symptoms. Systemic analgesics, including
opioids, are frequently needed to control the pain associ-
ated with mucositis.

Veno-Occlusive Disease of the Liver

The intensive cytoreductive chemotherapy and radiother-
apy comprising the transplant preparative regimen can
occasionally result in a syndrome of liver toxicity termed
veno-occlusive disease (VOD), also sometimes called sinu-
soidal obstruction syndrome (SOS). VOD is characterized
by tender hepatomegaly, weight gain, and jaundice. The
first signs of VOD usually appear during the first 21 days af-
ter transplant. The overall incidence of VOD ranges from
10%–25% and is influenced by a number of factors. VOD
is more commonly seen in patients with preexisting liver
disease, those with fever and infection at the time they re-
ceive the preparative regimen, and in patients who are
treated with more intensive preparative regimens. Although
development of tender hepatomegaly with weight gain and
jaundice during the first 3 weeks after transplant is usually
secondary to VOD, occasionally hepatic infiltration by fun-
gus or tumor, congestion resulting from right ventricular
failure, or cholestatic jaundice secondary to cyclosporine
toxicity or GVHD can contribute to the picture. The only
way to differentiate these entities with certainty is by liver
biopsy. Because of the risk for bleeding during the early
posttransplant period, biopsy is usually performed via a
transvenous approach. VOD is more likely to be severe if
the onset is early (before posttransplant day five) and ac-
companied by a rapid rise in bilirubin levels and rapid
weight gain.

The management of VOD requires careful attention to
supportive care in addition to consideration of specific

therapies. The primary objective of supportive care is to
minimize fluid retention while maintaining renal perfu-
sion. Careful monitoring of fluid and electrolyte balance is
critical. If volume overload develops, the daily intake of
sodium and fluids should be restricted, and attempts to in-
crease sodium excretion by the use of diuretics should be
carefully initiated. However, diuretics can deplete intravas-
cular volume and reduce renal blood flow, which should
be avoided. If diuresis is unsuccessful and the patient
shows signs of severe volume excess (e.g., tense ascites,
pleural effusions, hypoxemia), paracentesis of ascitic fluid,
hemodialysis, or hemofiltration should be considered.
Patients with severe VOD have increased platelet sequestra-
tion and are at an increased risk for bleeding complica-
tions. Efforts should be made to maintain platelet counts at
higher levels, although this can be difficult.

No specific therapies have been unambiguously demon-
strated to ameliorate the course of VOD, but several
therapies have shown promise in preliminary studies. A
combination of tissue plasminogen activator and heparin
has been used, because microthrombi can be found in the
walls of the central veins of the liver in VOD. Approximately
30% of patients with mild-to-moderate VOD appear to re-
spond to tissue plasminogen activator and heparin, but this
therapy increases the risk for severe bleeding. The dose of tis-
sue plasminogen activator is 20 mg infused over 4 hours on
each of 4 consecutive days. The activated partial thrombo-
plastin time is generally kept at or just above the upper limit
of normal by adjusting the heparin dose. Defibrotide is an
experimental drug that, in an uncontrolled study, was asso-
ciated with responses in 30%–40% of patients with moder-
ate-to-severe VOD (8). Nephrotoxic and hepatotoxic drugs
should be avoided in patients with VOD, and the pharma-
cology of drugs normally metabolized by the liver may be
altered in these patients.

INTERMEDIATE COMPLICATIONS (DAYS
14 TO 80 AFTER TRANSPLANT)

Graft Failure

Although complete and sustained engraftment is seen in
the large majority of transplant patients, marrow function
occasionally does not return, nor is it lost after temporary
engraftment. Graft failure occurring after autologous trans-
plantation may be related to stem cell damage that oc-
curred before stem cell collections, during the storage
process, or after transplantation. A correlation has been
found between poor graft function after autologous trans-
plantation and prior exposure to extensive chemotherapy
before marrow storage. Poor graft function has also been
seen in recipients of highly purified stem cells. Exposure
after transplant to potential marrow toxins, such as ganci-
clovir, and infection with CMV or human herpesvirus six
have also been associated with graft failure.
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Similarly, graft failure after allogeneic transplantation
can be caused by exposure to marrow toxins or viral
infections, but it may also be the result of graft rejection
when host immune cells react against the new marrow
graft. Graft rejection is more commonly seen in recipients
of T-cell-depleted marrow, patients who receive HLA-
mismatched or unrelated grafts, and those in whom less
intensive preparative regimens are used. The approach to
treating graft failure depends on its most likely cause. A rea-
sonable first step in patients with poor graft function is to
remove all potential myelosuppressive agents. The addition
of a myeloid growth factor, such as GM-CSF, results in in-
creased granulocytes in 40%–50% of patients. Immunolog-
ically-mediated graft rejection is demonstrated by the pres-
ence of a severely hypoplastic marrow and circulating
host-derived lymphocytes in the peripheral blood of the pa-
tient. Occasional patients may recover host hematopoiesis
with prolonged support. More often, however, patients re-
main severely hypoplastic, and it is necessary to consider a
second transplant. Recent studies have shown that second
grafts can be successful in the majority of patients when a
combination of steroids and an anti-CD3 monoclonal anti-
body is used before the second marrow infusion.

Acute Graft-versus-Host Disease

Graft-versus-host disease results when allogeneic T-cells
transfused with the graft, or developing from it, react with
major or minor histocompatibility antigens on the geneti-
cally different host. Acute GVHD usually develops between
days 14 and 28 after transplant and most often involves the
skin, liver, and gastrointestinal tract. The skin rash is classi-
cally an erythematous maculopapular rash on the arms,
legs, and trunk and involves the palms and soles. Liver dis-
ease is characterized by increases in bilirubin, transami-
nases, and alkaline phosphatase, but the weight gain and
tender hepatomegaly generally associated with VOD are
not usually seen. Gastrointestinal disease most commonly
presents with diarrhea and abdominal pain, but anorexia
and upper abdominal discomfort may predominate.
Because the therapy of GVHD involves systemic immuno-
suppression, and because other diseases can mimic GVHD,
a biopsy for definite diagnosis should be performed if
possible. Pathologic features include lymphocytic and

monocytic infiltration into perivascular spaces in the der-
mis and epidermal junction of the skin, into the base of the
intestinal crypts in the small or large bowel, and into the
periportal areas of the liver. Acute GVHD is usually staged
and graded according to the Seattle criteria (Table 96.2).
Most clinicians withhold therapy until grade 2 or higher
acute GVHD develops. If the patient is on cyclosporine or
tacrolimus, it is customary to continue that drug and add
another immunosuppressive agent, usually 1 or 2 mg of
prednisone per kilogram daily. Prednisone is normally
continued for 2 weeks and then slowly tapered in respond-
ing patients. Other immunosuppressive agents that can be
used instead of prednisone or in patients who fail to re-
spond to prednisone include antithymocyte globulin,
monoclonal antibodies against T-cells, mycophenolate
mofetil or rapamycin.

Patients with significant gastrointestinal symptoms
are generally given nothing by mouth until symptoms
abate and then are carefully allowed to resume eating.
Rash associated with GVHD can lead to significant skin
breakdown. Cleansing excoriated areas and applying nys-
tatin/polymyxin powders to skin folds may help. Aquaphor
ointment or emollients can be used for flat surfaces or
extremities. Severe rashes with bullae and desquamation
should be treated like burns.

Infection

Infections in the neutropenic patient are considered above
(see Early Complications). Even after engraftment, trans-
plant patients remain severely immunosuppressed for
months, and infectious complications are frequent (Chap-
ter 63). The risk for bacterial infection diminishes after
granulocyte recovery. Thus, patients are not normally kept
on prophylactic systemic antibiotics once granulocyte
counts recover to 500/�L. However, a wide variety of bac-
terial infections is seen after engraftment, and any fever in
the posttransplant patient requires intensive evaluation.
Gram-positive infections associated with indwelling
catheters are common, but a wide array of other organisms
can also cause infection. The incidence of candidal infec-
tions can be lessened by the use of prophylactic fluconazole
(200–400 mg/d through day 75) (9). With the use of flu-
conazole, aspergillosis has emerged as the most common
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TABLE 96.2
CLINICAL STAGING OF ACUTE GRAFT-VERSUS-HOST DISEASE

Stage Skin Liver Gut

I Maculopapular rash �25% body surface Bilirubin 2–3 mg/dL Diarrhea 500–1,000 mL/d
II Maculopapular rash 25–50% body surface Bilirubin 3–6 mg/dL Diarrhea 1,000–1,500 mL/d
III Generalized erythroderma Bilirubin 6–15 mg/dL Diarrhea �1,500 mL/d
IV Desquamation and bullae Bilirubin �15 mg/dL Pain and ileus
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fungal infection in the posttransplant patient. Aspergillus in-
fections are often fatal, and successful treatment, when it
occurs, requires that infection be diagnosed while still rela-
tively localized, so that it can be controlled with antifungals
and, if possible, surgical excision. The preferred initial ther-
apy of documented Aspergillius infection includes voricona-
zole plus caspofungin (10).

In the past, CMV infections involving the lungs and
gastrointestinal tract were frequent and led to death in
10%–15% of allogeneic transplant patients. Currently,
if the donor and recipient are CMV-seronegative at the
time of transplant, CMV infections can be entirely pre-
vented by avoiding exposure to blood products from CMV-
seropositive donors. In patients who are CMV-seropositive
at the outset of transplant, the incidence of CMV infection
can be substantially reduced with the use of prophylactic
ganciclovir (11). One strategy is to use ganciclovir prophy-
laxis in all seropositive patients beginning at the time of
engraftment and continuing until day 100. Although gan-
ciclovir is highly effective in preventing CMV disease when
used this way, it is also associated with significant marrow
suppression. In some patients, severe granulocytopenia
and life-threatening infection can result. Other centers
monitor patients for the development of CMV antigenemia
and begin ganciclovir only when a positive result is ob-
served. Ganciclovir prophylaxis can prevent CMV disease,
but it also delays the recovery of immune responses to
CMV. Thus, with ganciclovir prophylaxis, late CMV infec-
tions (after day 100) are occasionally seen in patients once
prophylaxis is stopped. Foscarnet is effective for some
patients in whom CMV antigenemia or infection develops
despite the use of ganciclovir, or for patients who cannot
tolerate the drug.

Pneumocystis jirovecii (formerly P. carinii) pneumonia,
previously seen in 5%–10% of transplant patients, can 
be prevented by treatment with oral trimethoprim-
sulfamethoxazole for one week before transplant and re-
sumption of the treatment once engraftment has occurred.
The usual dose is one double-strength tablet orally twice
daily 2 days a week. Treatment is usually continued as long
as patients are on immunosuppressive medications. If al-
lergy to trimethoprim-sulfamethoxazole develops in a pa-
tient, desensitization is a reasonable course. Dapsone is an
alternative, but must be avoided in patients with glucose-6-
phosphate dehydrogenase (G6PD) deficiency.

Interstitial Pneumonia

Pneumonias that develop after transplant are frequently
caused by bacterial, fungal, or viral organisms. In 5%–10%
of cases, however, no infectious cause can be found, and
biopsy reveals diffuse cellular damage with or without an
additional interstitial component. This type of pneumo-
nia, termed idiopathic interstitial pneumonia, is thought to
be the result of direct toxicity of the preparative regimen to

the lung, although evidence for a role of soluble cytokines
is growing. Many infectious causes of posttransplant pneu-
monias can be identified by bronchoalveolar lavage. If no
organism is found and idiopathic pneumonia is diag-
nosed, therapy with high-dose glucocorticoids is often
tried, although no randomized trials have validated this
approach.

LATE TOXICITIES (BEYOND DAY 80
AFTER TRANSPLANT)

Late Infections

Even more than 3 months after transplant, patients are still
at risk for the development of significant, life-threatening
infections. This risk is considerably less after autologous
than after allogeneic transplantation, and it is increased in
patients on immunosuppressive therapy for chronic
GVHD. A wide variety of bacterial, viral, and fungal dis-
eases have been reported in the late posttransplant period.
Because the risk for bacterial infection is so high in pa-
tients with chronic GVHD, many centers place such
patients on prophylaxis with trimethoprim-
sulfamethoxazole, penicillin, or both. Herpes zoster is
common; it usually presents as localized disease, but
subsequent dissemination is noted in about one-third of
infected patients. The case fatality rate of disseminated her-
pes zoster is high. Thus, some centers place all patients on
acyclovir prophylaxis for one year to prevent reactivation.
At a minimum, all patients in whom dermatomal disease
develops within the first year of transplant should be
treated with acyclovir to prevent dissemination. As dis-
cussed above, CMV infections developing after posttrans-
plant day 100 are becoming more common. Patients
typically present with fever, leukopenia, or interstitial
pneumonia. Treatment is with ganciclovir and CMV-
specific immunoglobulin, if available.

Chronic Graft-versus-Host Disease

Manifestations of the graft-versus-host reaction that occur
more than three months after transplantation are termed
chronic GVHD. Chronic GVHD differs markedly from the
acute form in its manifestations and tempo. Chronic
GVHD resembles a collagen vascular disease, with skin
involvement (malar erythema, sclerodermatous changes,
and cutaneous ulcers), alopecia, sicca syndrome, poly-
serositis, and liver dysfunction. Chronic GVHD develops in
20%–40% of matched sibling transplants, and it is more
common in patients who have had a prior episode of acute
GVHD, in older patients, and in recipients of mismatched
or unrelated transplants. Prednisone, cyclosporine, or the
two in combination are the usual treatments. Thalidomide
and azathioprine have also been reported to be useful.
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Immunosuppressive therapy is usually required for pro-
longed periods. Patients are generally treated for 9 months,
after which the immunosuppression is gradually tapered if
their chronic GVHD is in remission. In most patients,
chronic GVHD eventually resolves and immunosuppres-
sion can be entirely withdrawn, but this may require 1–3
years of treatment. If corticosteroids are used as treatment,
an alternate-day schedule after initial remission may help
avoid late toxicities.

Second Malignancies

Survivors of marrow transplantation are at increased risk
for the development of second malignancies. Patients who
have been transplanted with T-cell-depleted marrow or
who receive multiple cycles of immunosuppressive therapy
to treat GVHD are at increased risk for the development of
an aggressive lymphoproliferative disease associated with
the Epstein-Barr virus. This syndrome often begins as a
polyclonal disorder but evolves into an aggressive mono-
clonal B-cell malignancy. Infusion of Epstein-Barr virus-
specific donor T cells can reverse the disease in some cases.
Rituximab may also be effective.

A small increase in the incidence of solid tumors has
been documented after marrow transplantation. At 10
years, the cumulative incidence is 2.9%, with a higher
incidence seen in patients with chronic GVHD and those
who have received extensive radiation. An incidence of
myelodysplasia approaching 10% has been reported fol-
lowing autologous transplantation for malignant lym-
phomas. Whether this is caused directly by the transplant
or is a long-term effect of previous chemotherapy before
transplantation is unknown.

Relapse After Transplant

The risk for recurrence of malignancy is substantial after
transplant, particularly when transplantation is performed
for relapsed or refractory disease rather than for disease at
an earlier stage. Management of posttransplant relapse is
influenced by the transplant setting. Patients who relapse
after autologous transplantation may respond to subse-
quent chemotherapy, and occasionally these responses
can be complete and prolonged. Additional options are
available to the patient who relapses following allogeneic
transplantation, including discontinuation of immuno-
suppressive therapy and infusion of viable donor
lymphocytes.

KEY POINTS

■ Marrow transplantation, particularly allogeneic trans-
plantation, is a complex undertaking and is best carried
out at centers specializing in the procedure.

■ It takes on average at least three months to identify a
matched unrelated donor and schedule a transplant,
which means that physicians and patients considering
the procedure must provide the transplant center with
sufficient lead time.

■ Marrow transplantation is widely applicable in the treat-
ment of hematologic malignancies and other chemo-
therapy-responsive tumors, but it has little role in the
treatment of tumors completely refractory to standard-
dose therapy.

■ With appropriate prophylactic measures, most cases of
early posttransplant cytomegalovirus and Candida albi-
cans infection can be prevented.

■ Pneumocystis jirovecii infection can be prevented with oral
trimethoprim-sulfamethoxazole prophylaxis.

■ Immunosuppression is profound in early posttransplant
patients, and any infection can be lethal. Even after
engraftment, patients are at substantial risk for the de-
velopment of severe and life-threatening infection. Thus,
patients must be followed closely and any potential in-
fection pursued vigorously.

■ Determining the cause of early posttransplant liver dys-
function is often difficult. A transvenous liver biopsy is
often helpful in such patents and can usually be per-
formed safely, even in patents requiring platelet support.

■ Treatment of chronic graft-versus-host disease may re-
quire prolonged immunosuppressive therapy with cy-
closporine and prednisone. Such patients are at high risk
for a number of complications, including infections,
aseptic necrosis, and cataracts.

■ Posttransplant relapse can be treated successfully in
some cases with further chemotherapy, a second trans-
plant, or donor lymphocyte infusions.
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Sickle Cell Disease
Martin H. Steinberg Harrison W. Farber

INTRODUCTION

Sickle cell disease results from a mutation in the gene for �-
globin, a subunit of adult hemoglobin (HbA). A point mu-
tation in codon six of this gene encodes the synthesis of the
sickle �-globin chain (�s), which contains a valine residue
in place of the glutamic acid normally found at this posi-
tion. Sickle hemoglobin (HbS, �2�2

s) has the unique prop-
erty of polymerizing when deoxygenated. Sufficient HbS
polymer within the erythrocyte evokes the cellular injury
responsible for the phenotype of sickle cell disease (1).

Sickle cell disease is a phenotype with distinctive clinical
and hematologic features, in which at least half the
hemoglobin present is HbS. Sickle cell trait, the heterozy-
gous carrier of an HbS gene, is present in about 8% of
African-Americans. It is not considered a type of sickle cell
disease because it is clinically benign. Among the common
genotypes of sickle cell disease are homozygosity for the
HbS mutation (sickle cell anemia), compound heterozygos-
ity for HbS and HbC (HbSC disease), and compound
heterozygosity for HbS and �-thalassemia (HbS–�-
thalassemia) (Table 97.1). Whenever possible, a diagnosis
of sickle cell disease should be assigned by the genotype of
the patient because this designation allows the best assess-
ment of prognosis. Accurate genetic counseling—an im-
portant aspect of patient management—is possible only
when the genotypic diagnosis is known.

Pathophysiology

Sickle hemoglobin has the property of polymerizing when
deoxygenated. The vaso-occlusive features of sickle cell disease
are unique among the hemolytic anemias. Sickle cells cause
vascular injury, occluding small and sometimes large blood

vessels. No single mechanism explains sickle vaso-
occlusion (Figure 97.1). Hemolysis is the other cardinal
feature of sickle cell disease, but it causes fewer problems
than the myriad vaso-occlusive events.

Erythrocyte heterogeneity in sickle cell anemia is
dependent on the cellular content of fetal hemoglobin
(HbF). Vaso-occlusion is initiated and sustained by
interactions among sickle cells, endothelial cells, leuko-
cytes, and plasma proteins. Sickle erythrocytes alone do
not initiate vaso-occlusive disease. Activated neutrophils
liberate harmful cytokines and interact with sickle and en-
dothelial cells. Activated platelets release throm-
bospondin, which promotes adherence of sickle erythro-
cytes to endothelium. Young reticulocytes contain
additional adhesive ligands that facilitate erythrocyte en-
dothelium interactions.

Diagnosis

Diagnosing sickle cell disease is not difficult. Examining
the parents or siblings of affected patients is the least costly
way of establishing the genotype, and this can be accom-
plished with simple combinations of blood cell counts and
quantitative studies of hemoglobin fractions (Table 97.1).
Sickled cells are nearly always seen in sickle cell anemia and
HbS–�0-thalassemia, but are less common in other forms
of sickle cell disease. Their presence does not help diagnose
acute complications like painful episodes. In untreated
adults with sickle cell anemia, HbS nearly always forms
more than 80% of the hemolysate. Sickle cell anemia and
HbS–�0-thalassemia are very much alike hematologically
and clinically, and the distinction between them requires
genetic testing and cannot be made from hemoglobin stud-
ies or blood cell counts alone.

97
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Figure 97.1 Pathophysiology of sickle cell disease. With deoxygenation, sickle hemoglobin poly-
merizes and eventually causes cell sickling and damage to the membrane. Red cells are heteroge-
neous, with a spectrum of densities, membrane injury, and fetal hemoglobin. Some cells adhere to
the endothelium to cause vaso-occlusion.

TABLE 97.1
LABORATORY DIFFERENTIATION OF SICKLE HEMOGLOBINOPATHIES

Hemoglobin Reticulocytes
Diagnosis (g/dL) (%) MCV (fl) HbS (%) HbA2 (%) HbF (%)

Sickle cell anemia 6–9 10 85–95 �90 2–3 7
HbSC disease 8–12 4 70–85 50 2–3 3
HbS-�0 thalassemia 7–10 10 65–75 �90 4–6 8
HbS-�� thalassemia 10–12 2 60–70 70 4–6 2
Sickle cell trait 13–16 1 80–90 35 2–3 �1

These are average laboratory values in adults with stable disease. They may vary considerably in individual patients and also be affected by acute
disease complications.
HbA2, minor fraction of adult hemoglobin; HbF, fetal hemoglobin; HbS, sickle cell hemoglobin; HbSC, sickle cell hemoglobin C disease; MCV, mean
corpuscular volume.
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Clinical Features

Sickle cell anemia is present in 1 in 600 African-Americans,
and the prevalence of sickle cell disease is about 1 in 300.
Sickle cell disease is associated with acute, recurrent, and
chronic complications, the most common of which are
shown in Table 97.2. Vaso-occlusive disease can occur
almost anywhere blood flows and is responsible for
the unique features and the most severe complications of
this disorder. Hemolysis, which is constantly present,
explains why the temporary interruption of erythropoiesis
can cause the rapid development of severe anemia (the so-

called “aplastic crisis”), and why gallstones form in most
patients.

Adults with sickle cell anemia or HbS–�0-thalassemia
are most frequently hospitalized for the treatment of severe
painful episodes and acute chest syndrome, and for surgi-
cal procedures. Patients with HbSC disease and with
HbS–��-thalassemia require hospitalization about half as
often as those with sickle cell anemia and on average live
about 20 years longer. Nevertheless, with the promising re-
sults of hydroxyurea treatment in patients with sickle cell
anemia (see the section on “Discharge Issues” later in this
chapter), patients with HbSC disease are beginning to
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represent an increasing proportion of sickle cell disease pa-
tients who need hospital care.

PAINFUL EPISODES AND PRIAPISM

Issues at the Time of Admission

Acute painful episodes are the main cause of hospitaliza-
tion in sickle cell disease. Although these are generally be-
lieved to be caused by vaso-occlusion by sickle erythro-
cytes, some authorities believe that they have a
neurovascular basis, as blood is shunted away from in-
volved regions. Whatever the physiology, the episodes are
characterized by bouts of excruciating pain in the chest,
back, abdomen, or extremities. Painful episodes often in-
volve multiple areas simultaneously, symmetrically affect

the extremities, and might last days or even weeks. Sickle
cell pain is notorious for severity surpassing that of post-
surgical pain and the pain of trauma. Some patients never
describe a painful episode, whereas others seem to have
them continuously. These discrete attacks of pain must be
separated from the more chronic pain of osteoporosis and
osteomalacia that usually affects the spine, the pain associ-
ated with osteonecrosis of the hips and shoulders, and the
milder aches, pains, and soreness that frequently are pre-
sent between severe episodes.

On average, patients with sickle cell anemia and
HbS–�0-thalassemia have twice as many episodes of pain
yearly as do persons with HbSC disease and HbS–��

thalassemia. Clearly, some patients are more predisposed
to painful episodes than others. Whereas about 5% of pa-
tients account for more than 30% of the crises, nearly 40%
of patients with sickle cell anemia do not have a single
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TABLE 97.2
CLINICAL FEATURES OF SICKLE CELL DISEASE

Features

Vaso-occlusive complications

Painful episodes

Stroke

Acute chest syndrome

Priapism
Hepatopathy
Splenic sequestration
Spontaneous abortion
Leg ulcers
Osteonecrosis
Proliferative retinopathy
Renal insufficiency

Complications of hemolysis

Anemia
Cholelithiasis
Acute aplastic episodes

Infectious complications

Streptococcus pneumoniae sepsis
Osteomyelitis
Escherichia coli
Chlamydia

HbSC, sickle cell hemoglobin C disease; MRI, magnetic resonance imaging; PCV, packed cell volume; UTI,
urinary tract infection.
From Steinberg MH. Drug therapy: management of sickle cell disease. N Engl J Med 1999;340:1021–1030,
with permission.

�70% of patients affected; very frequent in some, rare in
others

�10% in childhood; two to three times more patients with
“silent” MRI defects and cognitive impairment

50% of all patients; more common in children, more severe
in adults

10–40% of male patients; severe cases cause impotence
�2%; many causes; extreme bilirubin elevations
Children �6 y; often preceded by infection
�6% in sickle cell anemia; much less in HbSC disease
�20% of adult sickle cell anemia; rare in HbSC disease
10–15% of adults with sickle cell anemia and HbSC disease
Rare in sickle cell anemia; 50% adults with HbSC disease
5–20% of adults; severe anemia often present

PCV 15–30 in sickle cell anemia; greater in HbSC disease
Present in most adults; often asymptomatic
May be caused by parvovirus B19; rapidly occurring severe

anemia

10% of children �5 y with sickle cell anemia
Salmonella spp. and Staphylococcus aureus are usual agents
In adults, usually initiated by UTI urinary sepsis
May cause acute chest syndrome
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episode of pain in a given year. Rates of pain are highest
during the third and fourth decades of life (1). The rate of
pain varies directly with the packed cell volume (PCV) and
inversely with the HbF level. As the pain of a crisis intensi-
fies, there is also a small decrease in PCV and a rise in retic-
ulocytes, but this is insufficient to be diagnostically useful
in an individual patient. Unfortunately, no useful laboratory
test can determine whether a vaso-occlusive pain crisis is occur-
ring, and the history remains the best clue.

Frequent episodes of pain portend increased mortality
in adults. Patients with the highest PCVs and leukocyte
counts and the lowest HbF levels are at the greatest risk. Of-
ten, death in adults is unexpected and occurs in the midst
of an acute event—most often a pain episode—as a result
of cardiovascular collapse. In the United States, the median
age of death is about 45 years in sickle cell anemia and
about 65 years in HbSC disease.

Painful episodes are often stereotypical, affecting each
patient in the same manner from episode to episode. Pa-
tients usually know if the pain they are experiencing is dif-
ferent from their typical painful episode, and physicians
should heed what patients say about the need for hospital-
ization or the likelihood that their pain can be explained by
something other than a “pain crisis.”

The pain of acute cholecystitis, splenic sequestration cri-
sis, splenic infarction, and right upper quadrant syndrome
can sometimes be mistaken for uncomplicated pain
episodes. In splenic sequestration and right upper quadrant
syndrome, the spleen and liver can be distended by blood
that accumulates as the vasculature of these organs dilates.
Usually, in splenic sequestration crisis, the hemoglobin
concentration falls rapidly, whereas in right upper quad-
rant syndrome, parameters of liver function become grossly
abnormal. Neither acute, severe anemia nor newly de-
ranged liver functions are typical features of a painful
episode. Acute painful episodes are often the heralding
events in acute chest syndrome, discussed below. Occa-
sionally, pain episodes end with multiple organ failure. No
data allow one to foretell whether a “usual” pain episode
will have a morbid or mortal outcome.

It has been estimated that nearly 40% of adult men
with sickle cell anemia have had at least one episode of
priapism. Recurrent attacks of priapism can last for several
hours with tolerable discomfort and be self-limited. These
episodes, which have been termed stuttering priapism,
usually have a nocturnal onset. Erectile function is mostly
preserved between these attacks, which can recur for years
and number in the dozens. Major episodes of priapism
often (not always) follow a history of stuttering attacks,
last for days, and can be excruciatingly painful. They usu-
ally destroy sexual function by causing irreversible dam-
age to the corporal bodies. Priapism has been considered
one manifestation of severe vascular disease and has been
associated with an increased chance of cerebrovascular
accidents.

Indications for Hospitalization

Patients are generally quite “savvy” about the management
of painful episodes. They know when the event is suffi-
ciently minor that they can be cared for at home with rest,
oral fluids, local measures such as heating pads, and oral
analgesics. When the pain is beyond home treatment, pa-
tients will, depending on the resources available, visit a
physician’s office, a medical clinic, day hospitals that focus
on the treatment of acute sickle cell pain episodes, or the
emergency department. From these venues, after the dura-
tion and severity of pain and the history of response to
pain treatment have been assessed, the decision regarding
hospitalization can be made. It is important to consider
whether or not complicating factors are present, such as ex-
cessive tachycardia, hypotension, temperature above
101°F, marked leukocytosis, a fall in hemoglobin level, re-
duced O2 saturation, or evidence of pneumonia on exami-
nation or chest radiography. The presence of any of these
factors argues for early admission.

If the pain episode appears to be uncomplicated, and
if, after treatment in the emergency department or day
hospital, pain has not diminished to the point at which
the patient feels that it is manageable at home, hospital-
ization is warranted. Because of the pressures of their jobs
and family life, the chronicity of their illness, or adverse
experiences with pain management in the hospital, many
patients are reluctant to be hospitalized. Conversely, some
patients—a small minority—actively seek hospitalization
because of their inability to cope psychologically with
pain or because they are seeking opiates. It cannot be
overemphasized that this latter class of patients comprises
only a small percentage of the population with sickle cell ane-
mia, although they may be responsible for a dispropor-
tionate amount of the monetary and medical resources
expended on this disease.

Indications for Initial Intensive Care Unit
Admission

Respiratory distress, reduced O2 saturation, high-grade
fever, rising serum creatinine, falling PCV and platelet
count, and circulatory instability all suggest that acute chest
syndrome may be present or multiple organ failure is de-
veloping. These findings should prompt consideration of
ICU admission.

Initial Approach

A close and mutually satisfactory relationship between the
patient and the treating physician is a major adjunct to the
successful management of an acute painful episode. This
provides the patient with confidence that his or her history
of prior painful events and their effective treatment has
been considered in the formulation of a treatment plan. Re-
liance on a succession of skeptical physicians as primary
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caregivers can compromise effective treatment. Most pain
episodes do not have an identifiable precipitating cause,
but this does not mean that one should not be diligently
sought. Painful episodes are sometimes triggered by an in-
fection, extremes of temperature, or physical and emo-
tional stress. Pneumonia is the most prevalent infection
associated with acute pain episodes and is caused by the or-
ganisms responsible for community-acquired pneumonia
(Chapter 65).

More commonly, painful episodes begin with little warn-
ing. Physical examination is usually not helpful for deter-
mining if an acute pain episode is in progress, but sometimes
localized swelling and pain are noted over an involved bone.
A chest radiograph should be obtained in most patients suf-
ficiently ill to be hospitalized to exclude acute chest syn-
drome or pneumonia. Most patients with sickle cell anemia
have a leukocyte count between 12,000 and 14,000/�L in
their basal state, so that mild leukocytosis does not signify
infection. Elevation beyond the baseline may be a clue to an
infectious process but also occurs with acute chest syndrome
and severe painful episodes. Low-grade fever can accompany
the acute painful episode, but higher elevations may point to
infection or extensive tissue damage.

Table 97.3 outlines one approach to the treatment of
painful events in sickle cell anemia. Administration of opi-
ate analgesics in sufficient doses and frequency is the foun-
dation of treatment. The choice of drug and the dose can be

guided by the history of previous pain episodes. For severe
pain, parenteral opiates are required. They must be given at
frequent fixed intervals, not “as needed,” until the pain has
diminished, at which time they can be tapered, then
stopped, and oral analgesics substituted (1) (Table 97.3).
Breakthrough pain can be managed by giving one-half to
one-fourth of the maintenance dose. Nonsteroidal anti-
inflammatory agents and other adjuvant drugs like hy-
droxyzine are useful in some patients. The use of pain
measurement scales and frequent reassessment of pain, at
2- to 3-hour intervals if possible, help guide the intensity of
treatment. Some patients prefer patient-controlled analge-
sia. (For further information on the general principles of
pain management, see Chapter 18.)

The conundrum of managing priapism lies in determin-
ing when “conservative” treatment should be stopped and
operative intervention initiated, a challenge made greater
because of the lack of controlled clinical trials of any acute
treatment modality (2). Pain should be relieved in the same
manner as pain affecting other areas, and adequate fluids
provided. If the episode differs from prior episodes of stut-
tering priapism according to the patient’s history and physi-
cian’s experience, aspiration and irrigation should be per-
formed within a 12-hour window after the onset of erection.
Simple or exchange transfusions may also be useful. Inva-
sive treatment for priapism in sickle cell anemia is designed
to evacuate stagnant blood within the corpora cavernosa
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TABLE 97.3
MANAGEMENT OF ACUTE PAIN IN SICKLE CELL DISEASE

Treat cause if one is identified; begin analgesic treatment promptly.

Liberal fluid replacement, 3–4 L daily in adults

Orally, if possible.
Intravenously, if needed. Use 0.5 N saline solution.

Analgesics for acute pain

Morphine, hydromorphone (Dilaudid) or, if necessary, meperidine (Demerol), parenterally, at full
therapeutic doses, at intervals of 2–4 h to relieve pain. Additional smaller doses for
“breakthrough” pain. Reassess pain frequently.

Do not order as needed (prn) medication.
Consider use of adjunctive drugs like hydroxyzine, diphenhydramine, or promethazine, and

nonsteroidal antiinflammatory drugs.
Consider patient-controlled analgesia if more frequent dosing is needed. Use pain scales (digital

analog or 0–10, absent to worst possible [Chapter 18]) to gauge treatment effects and determine
doses.

Analgesics for mild–moderate pain

Fentanyl patches for prolonged moderate–severe pain
Acetaminophen with codeine for mild–moderate pain not requiring physician visit
Nonsteroidal antiinflammatory agents for pain of osteonecrosis if not contraindicated because of

renal disease or severe liver disease

Modified from Ballas SK. Neurobiology and treatment of pain. In Embury SH, Hebbel RP, Mohandas N, 
et al., eds. Sickle Cell Disease: Basic Principles and Clinical Practice. New York: Raven Press, 1997:745–772.
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and prevent immediate recurrence of corporal expansion.
While the simplest surgical procedure is aspiration of the
corporal bodies with irrigation, aspiration of blood is usu-
ally difficult after a major episode of priapism has lasted for
24–48 hours. Operative intervention can be considered if
detumescence is not achieved with aspiration and irriga-
tion. When surgery is chosen, a Winter shunt between the
glans penis and corpora cavernosa should be placed within
24 hours. This plan requires crucial decisions within 12
hours of the onset of priapism, and, because patients are of-
ten reluctant to visit the emergency department or clinic
based on their experience with self-limited priapism, time
for observation may be lacking. Urologists conversant with
the management of priapism should be consulted when the
patient with a severe episode is first seen.

Indications for Early Consultation

Patients who have very frequent pain episodes are the most
difficult to manage. Early and continued consultations
with therapists, psychiatrists, and experts in pain manage-
ment may decrease their rate of hospitalization and emer-
gency department visits, but the general effectiveness of this
adjunctive treatment has not been critically evaluated. Pri-
apism has a tendency to recur, until erectile function is lost.
Efforts should be made to interrupt the episodes of stutter-
ing priapism that presage a major event. However, the op-
tions available are imperfect and untested. These include
pseudoephedrine, leuprolide, stilbesterol, and prophylac-
tic transfusion. Penile prostheses may help some impotent
patients.

Issues During the Course of Hospitalization

Painful episodes resolve with time, but their length varies
considerably between patients and from episode to
episode. On average, pain diminishes to the point at
which oral analgesics are sufficient and discharge can be
contemplated in 4–7 days, but persistence of pain far be-
yond this interval is common. In unusually prolonged
pain episodes, the question of whether pain persists be-
cause of “organic” reasons versus psychological factors is
often raised. With laboratory tests indicative of a painful
episode lacking, this distinction is often impossible to re-
solve. Because acute painful episodes can be the sign of
more ominous events, such as acute chest syndrome, the
search for signs and symptoms of lung involvement must
be vigilant.

Discharge Issues

Discharge is possible when pain has receded to the point at
which it can be managed at home with oral analgesics and
rest. Unless events during hospitalization warrant, such as
deterioration in renal or liver function or a fall in PCV, a
special clinic appointment for follow-up is not necessary. A

telephone call will suffice, and regularly scheduled outpa-
tient appointments can be kept. Perhaps because of the
fluctuation in erythrocyte populations during the evolu-
tion of painful episodes, recurrence within weeks of an ap-
parent resolution sometimes happens. This does not
signify a treatment failure.

Now that an effective approach for the prevention of
painful episodes is available, initiation of this therapy in se-
lected hospitalized patients who qualify for this type of treat-
ment should be considered (3). In adults with a history of
several pain episodes yearly, hydroxyurea reduces by nearly
half the incidence of pain crisis, acute chest syndrome, hos-
pitalization, and blood transfusion. Treatment is also associ-
ated with a substantial reduction in mortality (4).

Hydroxyurea should be reserved for patients who aver-
age one or two pain episodes per year that require sus-
tained treatment with parenteral opiates, who have had
severe episodes of acute chest syndrome, or who have
other severe vaso-occlusive events (Table 97.4). These pa-
tients must also be willing and able to comply with the
treatment regimen. Therapy is initiated with 500 mg of
hydroxyurea daily (10–15 mg/kg). Dose titration and con-
tinued monitoring of patients is carried out in the office
or clinic.

Patients should be explicitly counseled regarding the
following: responses differ among individuals; many
months may be needed to find the best dose of the drug;
medication must be taken exactly as directed, with frequent
blood tests performed; and long-term toxicities and effects
of treatment are unknown. It is not yet established if hy-
droxyurea is mutagenic, carcinogenic, or leukemogenic.
Also unknown is whether hydroxyurea will prevent organ
damage, or restore function to already injured organs. Fi-
nally, whether hydroxyurea can affect the course of HbSC
disease is unknown.

ACUTE CHEST SYNDROME

Issues at the Time of Admission

Acute chest syndrome (ACS) is the most common form of
acute pulmonary disease in patients with sickle cell disease.
It occurs in almost one-half of all sickle cell patients (1).
ACS is most common but less severe in children and, after
the painful episode, is the second most frequent cause of
hospitalization in sickle cell anemia. It is the most fre-
quently reported cause of death in adults and is a risk fac-
tor for early mortality, particularly since recurrent events
can end in chronic sickle cell lung disease characterized by
pulmonary hypertension (see the section on “Pulmonary
Hypertension” later in this chapter), cor pulmonale and
eventual death. ACS is defined as the presence of the fol-
lowing signs and symptoms in a patient with sickle cell dis-
ease: (1) presence of a new pulmonary infiltrate, involving
at least one complete lung segment (not atelectasis); (2)
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chest pain; (3) temperature �38.5°C; (4) tachypnea,
wheezing, or cough; and (5) hypoxemia. On examination,
there may be splinting, signs of pulmonary consolidation,
or scattered rales. Chest findings can change rapidly and
dramatically, which highlights the need for continual
reassessment.

The principal causes of ACS remain unclear. However,
probable etiologic factors include: (1) Macrovascular or
microvascular infarction within the pulmonary vascula-
ture, most likely due to in-situ thrombosis; (2) pulmonary
fat embolism, a result of bone marrow necrosis. Lipid-
laden macrophages are found in 50%–60% of children
and adults with ACS. Patients with fat emboli are more
likely to complain of bone pain and may develop neuro-
logic symptoms, a finding not seen in ACS without fat
emboli; (3) rib and sternal infarctions, leading to hy-
poventilation. Splinting due to local pain results in at-
electasis and hypoxemia, which furthers the development
of ACS; (4) although bacterial pneumonia was once
thought to be responsible for ACS in 50% of children,
more recent culture-based studies have failed to demon-
strate its role as a major etiologic factor in children or
adults. Pulmonary edema may also contribute, either sec-
ondary to excessive hydration or to changes in pulmonary
vascular permeability due to opioids. In a study of 671
episodes of ACS in 538 patients with sickle cell disease,

the following causes of ACS were identified: pulmonary
infarction, 16%; fat embolism (with or without infec-
tion), 9%; Chlamydia pneumoniae infection, 7%; My-
coplasma pneumoniae infection, 7%; viral infection, 6%;
mixed infection, 4%; other pathogens, 1%; unknown
cause, 46% (5).

Differentiating among the various infectious and non-
infectious causes of acute chest syndrome is difficult.
However, with our current state of knowledge, this sorting
probably does not change the course of treatment. No cur-
rent laboratory or radiographic finding permits the differ-
entiation of ACS from other acute pulmonary manifesta-
tions of sickle cell disease, including pneumonia and
infarction.

Sputum and blood cultures should be obtained. Gen-
eral measures that improve symptoms in many patients
include optimal hydration, administration of oxygen to
maintain a PaO2 of 70–100 mm Hg, incentive spirometry,
and the use of bronchodilators. Pain usually accompanies
acute chest syndrome and must be treated. However, ex-
cessive opiate use can suppress respiration and should 
be avoided. Although microbiologic data are rarely diag-
nostic, antibiotic regimens that include coverage for 
community-acquired and atypical organisms should be em-
ployed (Chapter 65). Exchange transfusion is recommended
in the setting of progressive infiltrates and hypoxemia
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TABLE 97.4
USE OF HYDROXYUREA IN SICKLE CELL ANEMIA

Indication for treatment

Adolescents or adults with frequent pain episodes, history of acute chest syndrome, other severe
vaso-occlusive complications, severe symptomatic anemia

Baseline evaluation

Blood counts, red cell indices, HbF, serum chemistries, pregnancy test, willingness to adhere to all
recommendations for treatment, absence of chronic transfusion program

Initiation of treatment

Hydroxyurea 500 mg (10–15 mg/kg) each morning for 6–8 wk, CBC q2wk

Treatment end points

Less pain, increase in HbF (or MCV), increased hemoglobin level if severely anemic, acceptable
myelotoxicity (granulocytes �2,000/�L, platelets �80,000/�L)

Special caution should be exercised in patients with compromised renal or hepatic function or who are
habituated to opiates. Contraception should be practiced by both men and women because the effects of
hydroxyurea on pregnancy are not known. Granulocyte count should be �2,000/�L, platelet count
�80,000/�L. A fall in hemoglobin level and absolute reticulocyte count should be carefully evaluated (in
most patients who respond, the hemoglobin level increases slightly).
CBC, complete blood count; HbF, fetal hemoglobin; MCV, mean corpuscular volume.
From Steinberg MH. Drug therapy: management of sickle cell disease. N Engl J Med 1999;340:1021–1030,
with permission.
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refractory to conventional therapy. Reduction of the HbS
level to below 30% can lead to marked improvement in
the majority of cases. These recommendations are based
on observations that transfusions rapidly reverse hypoxia
in some patients. However, no controlled clinical studies
have documented the value of transfusion or have com-
pared exchange transfusions with simple transfusions (6).

Indications for Initial Intensive Care Unit
Admission

Hypoxia with respiratory distress, high-grade fever, circula-
tory instability, and acute respiratory distress syndrome
(ARDS) are all adverse prognostic findings that should
prompt consideration of ICU admission.

Issues During the Course of Hospitalization
and at Discharge

Hypoxic patients should be closely monitored with fre-
quent blood gas measurements (see Chapter 24 for man-
agement of respiratory failure). Serial assessments of blood
cell counts and changes in chest radiograph, especially in
the first few days of the episode, can be useful prognosti-
cally and suggest whether ICU transfer is advisable. It may
take weeks for all signs of acute chest syndrome to resolve
and hospitalization can last 1–2 weeks, depending on the
cause and severity of the episode.

One or more documented episodes of acute chest syn-
drome may be an indication for initiating treatment with
hydroxyurea. The rationale for this suggestion is the obser-
vation that acute chest syndrome tends to be a recurrent
event that is associated with increased morbidity and early
mortality in adults. Hydroxyurea can reduce by 50% the in-
cidence of this complication.

Multiple acute chest episodes presage a poor prognosis.
Sometimes, consideration of bone marrow transplantation
in this situation is warranted (Chapter 96). Children below
the age of 16 with an HLA-matched donor are presently the
best candidates, but only 1% of sickle cell anemia patients
meet these requirements. Of the approximately 200 patients
who have undergone transplantation, more than 90% sur-
vived, 70%–85% had prolonged event-free survival, and
15% suffered graft rejection. Whether or not transplantation
can reverse established organ damage has not been deter-
mined, but early reports suggest some improvement in
chronic lung disease.

PULMONARY HYPERTENSION

Using echocardiography as the diagnostic tool, the esti-
mated incidence of pulmonary hypertension in sickle cell
anemia has been found to be between 8% and 30%. In a
recent catheterization study of 34 adult patients with

sickle cell disease, 20 patients (59%) were diagnosed with
pulmonary hypertension (average mean pulmonary artery
pressure 36 mm Hg). Several of these patients had ele-
vated pulmonary capillary wedge pressures consistent
with left ventricular diastolic dysfunction. Mean pul-
monary artery pressure was inversely related to survival.
Each increase of 10 mmHg in mean pulmonary artery
pressure was associated with a 1.7-fold increase in the rate
of death (7). Chapter 59 reviews the diagnosis and man-
agement of pulmonary hypertension.

BLOOD TRANSFUSIONS

Transfusions play a vital role in the treatment of some
complications of sickle cell anemia, and there are singular
considerations and discrete indications for their use
(Table 97.5). Transfusions are not needed for the usual
anemia or painful episode. Except for aplastic crises and
precipitous falls in PCV that occasionally occur during
acute events like chest syndrome or sepsis, the PCV
remains quite constant over time. Some patients can be
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TABLE 97.5
TRANSFUSIONS IN SICKLE CELL DISEASE

Indicated

Symptomatic acute anemic episodes
Severe symptomatic chronic anemia—for example, with renal

failure
Prevention of first stroke and recurrent strokes in childhood
Acute chest syndrome with hypoxiaa

Surgery with general anesthesia or eye surgeryb

Perhaps useful

Complicated obstetric problems
Severe right upper quadrant syndrome with extreme

hyperbilirubinemia
Refractory leg ulcers
Refractory and protracted painful episodes
Acute severe priapism, when given early in episode

Probably not indicated

Raising the customary hemoglobin level
Uncomplicated painful episode
Uncomplicated pregnancies
Minor surgery with local anesthesia

a Controlled studies of exchange versus simple transfusions in
acute chest syndrome are lacking.
b Exchange transfusion appeared to increase the incidence of
transfusion-related complications like allo-immunization. When
possible, leukocyte-depleted, phenotypically matched packed
red cells should be transfused.
From Steinberg MH. Drug therapy: management of sickle cell
disease. N Engl J Med 1999;340:1021–1030, with permission.
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active and symptom-free with PCVs of 16%–20%. Sudden
severe anemia, which occurs in children when blood is
sequestered in an enlarged spleen or when parvovirus B19
infection causes transient aplastic crisis, often requires
urgent blood replacement. Symptomatic anemia occasion-
ally accompanies renal failure, and some of these patients
may require transfusion. Alternatively, the judicious use of
erythropoietin can sometimes restore hemoglobin levels
to pre-renal failure levels.

Recent clinical trials have evaluated the efficacy of
transfusion in preventing some of the complications of
sickle cell disease (8, 9). Measuring the velocity of cerebral
blood by trans-cranial Doppler flow studies and placing
individuals at high risk for stroke on prophylactic transfu-
sions reduces the liklihood of an initial stroke (10). Long-
term transfusion reduces the recurrence of stroke in
children with sickle cell anemia with a prior stroke. The
aim of exchange transfusion is to rapidly reduce the HbS
level to less than 30% and maintain this level for 3–5
years. Stopping transfusions—even after many years—is
often followed by recurrent stroke. Reducing the fre-
quency of transfusion and permitting the HbS level to rise
to 50% after four years of more intensive transfusion
appears safe.

When general anesthesia is used, preoperative transfu-
sion to a PCV of about 30% prevents postoperative com-
plications as effectively as aggressive exchange transfusion,
and is associated with half as many transfusion-related
complications (5). Routine intrapartum transfusions are
not indicated (8).

Among the general complications of transfusion, allo-
immunization stands out as a special hazard for patients
with sickle cell disease. Because of antigenic differences be-
tween the erythrocytes of a predominantly Caucasian
blood donor pool and the African-American recipients,
20%–30% of patients with sickle cell anemia who undergo
transfusion become allo-immunized. Therefore, red cells
phenotypically matched for the antigenic determinants
most often eliciting an immune response and depleted of
leukocytes are the preferred transfusion product. Another
consequence of repetitive transfusion is iron storage disease.
When transfusions are utilized continually, iron chelation
therapy should be planned. Presently, this can be accom-
plished only with desferrioxamine, given by prolonged
subcutaneous or intravenous infusion 8–12 hours nightly,
5–6 days weekly, at doses of 2–6 g daily.

COST CONSIDERATIONS AND
RESOURCE USE

Each hospital admission for treatment of a painful
episode may last between 5 and 11 days and is associated
with charges of $4,000–$16,500. Emergency department
charges for treating the pain of sickle cell disease vary be-
tween $400 and $600. Treating acute chest syndrome is

usually far more expensive. Treating patients with hydroxy-
urea appears to be associated with a reduction in medical
costs (11). Regular clinic attendance has also been shown
to reduce the health care costs of sickle cell disease.

KEY POINTS

■ Frequent painful episodes and acute chest syndrome
portend a poor, sometimes fatal, prognosis. Hydroxy-
urea reduces morbidity and mortality in these patients.

■ Large amounts of opiates may be needed to relieve pain
during an acute painful episode.

■ Acute chest syndrome may develop in the course of a
painful episode, even if it was not apparent on first
presentation.

■ Blood transfusions are indicated in acute chest syndrome
with hypoxia.

■ Blood transfusions are not indicated in uncomplicated
pain episodes or to treat the usual level of anemia.

■ Severe priapism must be evaluated early in its course and
the decision made within 24 hours to move from con-
servative to invasive therapy.
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Hemorrhagic and 

Thrombotic Disorders
Julie Hambleton Marc Shuman

INTRODUCTION

The hemostatic system is a finely balanced network of co-
agulation factors and endothelial and platelet components.
Its normal function is either to rapidly arrest the bleeding
associated with trauma or to terminate this process to pre-
vent excessive clotting. Abnormalities in any of these com-
ponents can lead to pathologic bleeding or thrombosis.
The following general overview of hemorrhagic and throm-
botic disorders includes a summary of our approach to
evaluating and treating hospitalized patients with disorders
of bleeding or thrombosis.

Pathologic Bleeding Caused by Platelet and
Coagulation Disorders

A fundamental issue in patients presenting with a bleeding
diathesis is to determine whether the bleeding is entirely
the consequence of a structural problem, or whether a sig-
nificant primary platelet or coagulation defect is present.
This distinction is not always clear, and it may be necessary
to exclude the latter possibilities by laboratory testing.
Bleeding caused by a coagulation or platelet disorder fre-
quently occurs at sites where a structural abnormality is
present, such as one caused by peptic ulcer disease, a recent
surgical procedure, or a traumatic injury.

When evaluating for a possible bleeding disorder, the pa-
tient’s history may suggest whether a bleeding diathesis is
congenital or acquired and, if the latter, the most likely cate-
gory into which it falls. Moreover, careful physical examina-
tion may reveal signs that indicate a platelet or vascular de-
fect vs. a coagulation defect. Based on this information, it
frequently can be determined whether bleeding is secondary
to a platelet or a coagulation disorder (Table 98.1).

The following historical information is useful in nar-
rowing the diagnostic possibilities:

1. Timing of the first manifestation of bleeding. In severe
hereditary bleeding disorders, the onset is frequently at
birth or at the time of male circumcision. In milder con-
genital disorders, abnormal bleeding may present (as
epistaxis) later in childhood when a child becomes
more physically active, or at menarche in affected girls.

2. Frequency and duration of bleeding. A history of bleeding
on some occasions but not others does not exclude the
diagnosis of a primary bleeding disorder. Patients with
mild von Willebrand disease or factor XI deficiency, for
example, may have this type of history.

3. Events frequently complicated by bleeding.These include
menorrhagia or postpartum bleeding in von Willebrand
disease.

4. Location of bleeding. In platelet disorders, epistaxis, cuta-
neous bleeding, and excessive menstrual bleeding are
common. In hemophilia, joint bleeding is typical.

5. Medications. See Table 98.2 for a list of drugs that alter
platelet activity or coagulation.

6. Family history. Most coagulation and platelet disorders
are autosomal recessive; the inheritance pattern of von
Willebrand disease is autosomal dominant, and
hemophilia A and B (Factor VIII and IX deficiency, re-
spectively) are X-linked recessive disorders.

Examination findings provide important clues to the na-
ture of bleeding disorders. In platelet abnormalities or vas-
cular defects, hemorrhage is usually mucosal or cutaneous.
Bleeding secondary to a clotting factor deficiency is often
intramuscular or intra-articular. The presence of petechiae
indicates a platelet or vascular defect rather than deficien-
cies of clotting factors. Quantitative platelet disorders are
associated with petechiae only when the platelet count is

98
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profoundly low. Purpura is found more commonly in
platelet than in clotting factor disorders. Punctate telang-
iectases on the tongue, nasal mucosa, lips, or fingertips are
diagnostic of hereditary hemorrhagic telangiectasia.

Laboratory evaluation is used to elucidate the underlying
defect suggested by history and examination. Figure 98.1
provides a general algorithm for the evaluation of possible
bleeding disorders. The platelet count can be obtained either
by automated techniques or by estimating the number in the
peripheral blood smear, a useful method for rapidly detect-
ing low platelet counts. Normally, 3–10 platelets per high-
power (oil immersion) field appear on the peripheral smear.
The bleeding time is a crude measure of platelet function and
is prolonged when the platelet count is below 90,000/�L or
when a functional platelet abnormality is present. The
platelet function analyzer (PFA-100®) is another tool avail-
able in some laboratories and may detect the presence of ab-
normal platelet function. While both the bleeding time and
PFA-100® have varying sensitivities for platelet disorders and
neither are predictive of surgical bleeding, the PFA-100 may

be the more sensitive assay. Platelet aggregometry measures
temporal, semiquantitative, and qualitative parameters of
platelet aggregation in vitro. This technique is of greatest
value in diagnosing congenital qualitative platelet disorders.

The two most useful and commonly performed tests to
assess the integrity of the coagulation system are the pro-
thrombin time (PT) and activated partial thromboplastin
time (aPTT). Whenever results of these tests are abnormal,
they should be repeated on a fresh blood sample to be cer-
tain that the abnormality is not artifactual. The PT reflects
the combined activity of clotting factors II, V, VII, and X and
fibrinogen. The aPTT measures the combined activity of
factors II, V, VIII, IX, X, XI, and XII and fibrinogen.

Other laboratory tests useful in pinpointing the diagno-
sis in coagulation disorders include the following:

1. Fibrinogen (quantitative). Decreased fibrinogen is seen
most commonly in severe liver disease and dissemi-
nated intravascular coagulation (DIC). Heparin in the
plasma sample may cause a falsely low value as a result
of incomplete clotting.
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TABLE 98.1
DISTINGUISHING PLATELET-TYPE BLEEDING DISORDERS FROM COAGULATION DISORDERS

Hereditary

von Willebrand Qualitative platelet
Hemophilia disease abnormalities Blood vessel disorders

Genetics X-linked recessive Autosomal dominant Autosomal dominant Autosomal dominant
Autosomal recessive

Type of bleeding Hemarthrosis Mucocutaneous Mucocutaneous Mucocutaneous
Visceral Arterial rupture
CNS (connective tissue disorders)
Soft tissues

Onset of bleeding Delayed Immediate Immediate Immediate
after injury

Physical Joint deformities Ecchymoses Petechiae Ecchymoses, telangiectasia
examination Hematomas Ecchymoses (HHT), skin, joint, and eye
findings Ecchymoses abnormalities (connective

tissue disorders)
Coagulation tests aPTT: Abn aPTT: Abn/N N N
Bleeding time N Abn/N Abn/N N/Abn

Acquired

Coagulation Platelet Blood vessel disorders

Type of bleeding Visceral Mucocutaneous Mucocutaneous
Soft tissues

Onset of bleeding Delayed Immediate Immediate
Physical examination Hematomas Petechiae Ecchymoses Ecchymoses

findings Ecchymoses Perifollicular hemorrhage
(scurvy)

Coagulation tests PT: Abn/N N N
aPTT: Abn/N

Bleeding time N Abn N/Abn

Abn, abnormal; aPTT, activated partial thromboplastin time; CNS, central nervous system; HHT, hereditary
hemorrhagic telangiectasia; N, normal; PT, prothrombin time.
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TABLE 98.2
DRUGS THAT MAY ALTER HEMOSTASIS

Drugs reported to cause thrombocytopenia

Immune mechanisms proposeda

Quinine/quinidine Ranitidine
Sulfa compounds Cimetidine
Ampicillin Danazol
Penicillin Procainamide
Thiazide diuretics Carbamazepine
Furosemide Acetaminophen
Chlorthalidone Phenylbutazone
Phenytoin Aminosalicylate
�-Methyldopa Rifampin
Heparin Acetazolamide
Digitalis derivatives Anazolene
Aspirin Arsenicals
Valproic acid

Nonimmune mechanisms (hemolytic-uremic syndrome)
Mitomycin C Cyclosporine
Cisplatin Ticlopidine

Mechanisms undefined
Gold compounds
Indomethacin

Drugs that alter platelet function

Primary antiplatelet agents
Aspirin Sulfinpyrazone
Dextran Ticlopidine/clopidogrel
Dipyridamole Glycoprotein IIb/IIIa inhibitors

Drugs in which inhibition of platelet function is
associated with prolongation of the bleeding time

Nonsteroidal antiinflammatory agents
�-lactam antibiotics
�-Aminocaproic acid (�24 g/d)
Heparin
Plasminogen activators (streptokinase, urokinase,

tissue plasminogen activator)

Drugs that affect coagulation factors

Induction of antibodies inhibiting function
Lupus anticoagulantb Factor V antibodies

Phenothiazines Aminoglycosides
Procainamide Factor XIII antibodies

Factor VIII antibodies Isoniazid
Penicillin

Inhibitors of synthesis of vitamin K-dependent 
clotting factors (Factors II, VII, IX, X, proteins C and S)

Coumarin compounds
Moxalactam

Inhibitor of fibrinogen synthesis
L-asparaginasec

a List is limited to drugs for which there are multiple reports and in vitro or in vivo evidence of antiplatelet
antibodies.
b Does not cause bleeding.
c May cause thrombosis.
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2. Specific factor assays. Factor assays are performed by de-
termining the extent to which the patient’s plasma cor-
rects the clotting time of plasma known to be deficient
only in one particular clotting factor.

3. Mixing tests are used to detect inhibitors of clotting.
When a plasma sample with a deficiency of one of the
coagulation factors is mixed with an equal volume of
normal plasma, the PT or aPTT is normalized. Con-
versely, if an inhibitor is present in the patient’s plasma,
the PT or aPTT will still be prolonged.

4. Tests for fibrin degradation products. Most tests measure
plasmin degradation products of fibrin(ogen) by

means of an antibody against fibrin. Fibrin degrada-
tion products are elevated in DIC and in liver and kid-
ney failure, organs in which large and small fragments
are cleared, respectively. Fibrin degradation products
are also increased after major surgery and trauma. In
the D-dimer test for intravascular clotting and fibrinol-
ysis, a plasmin cleavage product of cross-linked fibrin,
D, is measured. D-dimer is elevated in DIC, and ve-
nous thromboembolic disease, and after major surgery.

5. Thrombin time measures the ability of fibrin to form a
clot. It is abnormal in the presence of a dysfibrinogene-
mia or heparin.
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N PT
N aPTT
N Platelet count

Prolonged

Bleeding time

Normal

VWF Ag
Ristocetin
  cofactor
  F. VIII:AHF

• F. XIII deficiency
• Alpha2 plasmin inhibitor
• Dysfibrinogenemia
• F. VIII or F. IX deficiency
   (mild hemophilia)

Low

VWD

Normal

Platelet aggregometry

Abnormal

Qualitative
platelet disorder

Normal

Evaluate primary vascular
disorder (e.g., connective

tissue disorder such as
Ehlers-Danlos)

A

Figure 98.1A A–E: Laboratory evaluation of clinical bleeding disorders. A, abnor-
mal; AHF, antihemophilic factor; aPTT, activated partial thromboplastin time; DIC, dis-
seminated intravascular coagulation; FSP, fibrin split products; N, normal; PT, pro-
thrombin time; RVV, Russell viper venom test; VWD, von Willebrand disease; VWF,
von Willebrand factor. aAssumes patient is not receiving heparin. Consider checking
aPTT on Hepasorb to rule out heparin effect if unsure. bSupratherapeutic heparin or
warfarin effect can result in elevations of both PT and aPTT.
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N
Prolonged
N

PT
aPTTa

Platelet count

F. VIII

Bleeding

Mixing test

No bleeding

Mixing test F. IX

Low N

Corrects Does not correct

Does not
correct

F. VIII inhibitor
Hemophilia B

Hemophilia A

Corrects

Bleeding time/
Ristocetin
co-factor

Prolonged/
decreased

VWD

N

RVV

Prolonged

Lupus anticoagulant

Low N

F. XI

Normal

Low

F. XI deficiency

N

Contact factor
deficiency

B

Figure 98.1B (continued)
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Prolongedb

Prolongedb

N

PT
aPTT
Platelet Count

Elevated

Severe liver
disease

Liver function tests

N

Low

F. V inhibitor

N

Lupus
anticoagulant

Mixing test

Does not correct

RVV

Corrects

Prolonged

F. V Low

F. V deficient

N

F. X
F. II

F. V

Low

F. X  or F. II
deficiency

Prolonged
N
N

PT
aPTT
Platelet count

Elevated

Liver disease

Liver function tests

N

Administer vitamin K

Corrects PT Does not correct PT

• Vitamin K deficiency
• Warfarin effect

Prolonged

Dysfibrinogenemia

Thrombin time

Typical charges for the laboratory tests used in evaluat-
ing patients with disorders of bleeding (or clotting) are
shown in Table 98.3.

Thrombotic Disorders

Acute venous thromboembolic (VTE) disease is diagnosed
annually in approximately 250,000 patients; the major mor-
bidity relates to recurrent disease, pulmonary embolism, and
post-phlebitic syndrome. These patients and patients with
thrombosis in an unusual location present some of the great-
est medical challenges for treating physicians. When evalu-
ating the patient presenting with thrombosis, it is necessary
to define the nature and extent of thromboembolic disease

by addressing the following issues:

Does the disease involve the arterial or venous vascula-
ture?

Is the clot located in the cerebral, peripheral, mesenteric,
renal, or cardiopulmonary vessels?

Is there an underlying risk factor for thrombosis?
Should the patient undergo additional evaluation?
What type of anticoagulant should be used, and what is

the optimal duration of therapy?

These questions will guide the treating physician in evalu-
ating and treating the patient, and help determine if further
hematologic consultation should be obtained.

The definition of hypercoagulability (also referred to as
thrombophilia) is a clinical one (Table 98.4). No screening

DC

Figure 98.1C–D (continued)
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Low

D-dimer/FSP

Low

PT
aPTT
Platelet count

Fibrinogen

N

Mixing test

Corrects Does not correct 

Liver function tests

ProlongedElevated

Lupus anticoagulant with ITP-like
syndrome; evaluate for other causes

of thrombocytopenia (Fig. 84.2)

RVVElevated

DIC

N

Severe liver disease

EProlonged
Prolonged

Figure 98.1E (continued)

TABLE 98.3
TYPICAL COSTS FOR TESTS USED IN THE
LABORATORY EVALUATION OF BLEEDING
AND THROMBOTIC DISORDERSa

PT $9
aPTT $13
Platelet count $9
vWF disease panel $95
Factor VIII activity $25
Ristocetin cofactor $89
vWF antigen $71
Factor VIII (AHF) assay $102
dRVVT $23
Fibrinogen $12
Bleeding time $28
D-dimer $20
Anticardiolipin antibody $35
Antithrombin III $26
Protein C $56
Protein S $56
Factor V Leiden and prothrombin 20210 $67
Homocysteine $23

aCost at a university hospital in 2004. Charges may be significantly
higher.
AHF, antihemophilic factor; aPTT, activated partial thromboplastin
time; dRVVT, dilute Russell viper venom time; PT, prothrombin time;
vWF, von Willebrand factor.

TABLE 98.4
GENERAL CLINICAL FEATURES OF
HYPERCOAGULABILITY

• Positive family history
• Recurrent thromboses
• Idiopathic thrombosis on trivial provocation, especially in a

patient under age 65
• Unusual site of thrombosis (i.e., Visceral, cerebral, axillary, or

cutaneous vessels)
• Recurrent thrombosis despite adequate anticoagulation

test exists that identifies which patients have an underlying
cause for their tendency to clot. In general, the hospital
physician should try to determine whether the patient has
elements of a primary or secondary form of thrombophilia
(Table 98.5). It is important to distinguish whether the
acute thrombosis arose in the arterial or venous vasculature,
as the differential diagnosis differs for these two events.

The inherited disorders of thrombophilia pertain to ei-
ther quantitative or qualitative abnormalities of the natural
anticoagulant system. Deficiencies in the natural anticoagu-
lants antithrombin (AT), protein C, and protein S account
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for only 15% of selected patients with juvenile or recurrent
thrombosis and 5%–10% of unselected cases of acute
venous thrombosis. Factor V Leiden mutation, hyperhomo-
cysteinemia, and the prothrombin 20210 polymorphism ac-
count for a greater number of hypercoagulable patients (1).

An approach to the laboratory workup of patients sus-
pected of having hypercoagulable blood is shown in Table
98.6. Note that certain tests can be interpreted only while
patients are off anticoagulant medications.

Antithrombin Deficiency

Antithrombin inactivates thrombin and factors Xa, IXa,
XIa, and XIIa. Its anticoagulant activity is enhanced by the
presence of heparin, which forms a ternary complex with
AT and the procoagulant factors. A deficiency of this natu-
ral anticoagulant results in recurrent VTE.

The inheritance pattern of AT deficiency is autosomal
dominant. The frequency of symptomatic AT deficiency in

the general population has been estimated to be between 1
in 2,000 and 1 in 5,000. In unselected patients with a his-
tory of VTE, the frequency is 1.1%; in selected patients with
histories of recurrent VTE or a familial history, the frequency
is approximately 2.4%. The majority of affected persons are
heterozygotes with AT levels between 40%–70% of normal.
Of the three types of AT deficiency, the majority is either
type I or II and can be diagnosed by determining the func-
tional AT level.

Deficiency of Proteins C and S

Proteins C and S are vitamin K-dependent glycoproteins
that are involved in the inactivation of activated factors V
and VIII. Protein C is slowly activated by thrombin to form
activated protein C (APC). This activation is enhanced by
the formation of complexes with thrombin and the en-
dothelial receptor thrombomodulin. Protein S in and of it-
self has no intrinsic anticoagulant activity. Instead, it
enhances the affinity of APC for negatively charged phos-
pholipids, such as the platelet surface, by forming a 
membrane-bound APC–protein S complex that renders
factors Va and VIIIa more easily accessible to APC-mediated
cleavage.

Deficiencies in protein C and protein S are transmitted
as autosomal dominant traits. Homozygous protein C de-
ficiency is associated with neonatal purpura fulminans and
warfarin-induced skin necrosis. The frequency of protein C
and protein S deficiencies is 2.2%–3.2% in unselected pa-
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TABLE 98.5
CAUSES OF THROMBOEMBOLIC DISEASE

Primary (inherited)

Deficiencies of natural inhibitors or qualitative abnormalities of
the clotting cascade

Antithrombin deficiency
Protein C deficiency
Protein S deficiency
Factor V Leiden mutation
Prothrombin 20210
Hyperhomocysteinemia

Qualitative abnormalities of fibrinogen
Dysfibrinogenemia

Defects in the fibrinolytic system with impaired clot lysis

Secondary (acquired)

Abnormalities of coagulation and fibrinolysis
Disseminated intravascular coagulation
Malignancy
Pregnancy, estrogen use
Nephrotic syndrome
Inflammatory bowel disease
Lupus anticoagulant
Anti-phospholipid antibody syndrome

Abnormalities of platelets
Myeloproliferative disorders: essential thrombocytosis,

polycythemia rubra vera
Paroxysmal nocturnal hemoglobinuria
Heparin-induced thrombocytopenia

Abnormalities of blood vessels and rheology
Venous stasis—congestive heart failure, immobilization, obesity,

age, postoperative state
Artificial surfaces (grafts)
Vasculitis
Hyperviscosity syndromes (Waldenstrom’s, leukostasis)
Thrombotic thrombocytopenic purpura

TABLE 98.6
SUGGESTED LABORATORY WORKUP FOR
PRIMARY HYPERCOAGULABILITY IN A PATIENT
SUSPECTED OF HAVING A HYPERCOAGULABLE
STATEa

Must be sent while 
patient is off Can be sent while patient
anticoagulantsb is on anticoagulants

Protein C DNA-based tests
Protein S Factor V Leiden mutation
Antithrombin III Prothrombin 20210 mutation
Lupus anticoagulant (dilute Homocysteine level

Russell viper venom time)c Antiphospholipid antibody assay

a For example, a young patient presenting with an idiopathic episode
of thromboembolism. See Table 98.3 for typical charges for these
tests. Also, see text for additional screening studies for
hypercoagulable states (e.g., cancer workup).
b Either send before anticoagulation is initiated or send after a
treatment course is completed. If an abnormal test result will lead to
lifelong therapy, consider repeating test before acting on one
abnormal result.
c Although the lupus anticoagulant is not a “primary” hypercoagulable
state, a test for it should be included in the workup of a patient with an
idiopathic thromboembolism because of its high rate of recurrent
venous and arterial thromboembolic disease.
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tients with venous thrombosis and 3% to 3.8% in selected
patients.

Factor V Leiden Mutation

The factor V Leiden mutation is represented by a single ade-
nine-to-guanine point mutation in the gene encoding
coagulation factor V. This results in the replacement of argi-
nine by glutamine at a key proteolytic site on the activated
factor V protein, such that the molecule cannot be cleaved
by activated protein C—hence the so-called “APC resis-
tance.” Factor V clotting activity is normal in coagulation
assays. Rather, factor V is resistant to inactivation in vivo.
The factor V Leiden mutation is found in 2%–5% of the
asymptomatic Caucasian population, and it accounts for
approximately 40% of patients presenting with idiopathic
VTE disease. It has also been associated with increased risks
for recurrent venous thromboembolism, for venous throm-
bosis during use of oral contraceptives and pregnancy, and
for thrombosis in the presence of other genetic and ac-
quired abnormalities of anticoagulation, such as protein C
and S deficiencies (2).

Prothrombin 20210

A polymorphism in the 3�-untranslated region of the pro-
thrombin (factor II) gene is associated with mild increases
in plasma prothrombin levels and in the risk for venous
thrombosis. The factor II 20210A polymorphism may be
found in 18% of selected patients with a personal and fam-
ily history of venous thrombosis, in 6.2% of unselected
consecutive patients presenting with their first idiopathic
deep venous thrombosis, and in 2.3% of normal controls.
Carriers of the 20210A allele have a 2.8-fold increased risk
for VTE.

The clinical manifestations in patients with protein C,
protein S, AT deficiencies, or the Leiden and prothrombin
mutations are very similar. More than 90% of patients pre-
sent with venous thrombosis of the lower extremity, with or
without accompanying pulmonary embolus. A minority of
patients (generally 5%) present with venous thrombosis in
an unusual location, such as the sagittal sinus or mesenteric
vessels. Rarely are these disorders associated with arterial
thrombosis. VTE develops in 60%–80% of people heterozy-
gous for AT, protein C, or protein S deficiency, typically be-
fore the age 40–45. About 50% of patients have recurrent
disease. People with the Leiden and prothrombin mutations
have a lesser tendency for thrombosis, and the first episode
of thrombosis often occurs at a more advanced age. How-
ever, the concomitant occurrence of the factor V Leiden or
prothrombin mutation and AT, protein C, or protein S defi-
ciency greatly enhances a person’s risk for thrombosis.

About 50% of patients with these thrombophilic defects
have no inciting event as the cause of their deep venous
thrombosis. In the remaining patients, thrombosis may
be associated with minor trauma, pregnancy, use of oral

contraceptives, recent surgery, or immobilization. The
frequency of thrombosis during pregnancy and the peri-
partum period has been thought to be quite high (31% and
44%, respectively, for AT deficiency; 10% and 19%, respec-
tively, for protein C and protein S deficiency; 28% for the
Leiden mutation), although recent studies suggest a lower
risk. Administration of estrogen to a woman with the factor
V Leiden or Prothrombin mutation will increase her risk of
developing cerebral vein thrombosis, and recurrent fetal
loss has been associated with the presence of these genetic
thrombophilic defects. The frequency of postoperative
thrombosis has been shown to be high in patients with AT,
protein C, or protein S deficiencies: 21% in patients under-
going abdominal surgery and 37% in patients undergoing
high-risk orthopedic or cancer surgery. Patients with factor
V Leiden mutation do not have an increased risk for throm-
bosis after joint replacement surgery if treated with appro-
priate anticoagulant prophylaxis.

Hyperhomocysteinemia

The early descriptions of hyperhomocysteinemia involved
patients with homozygous mutations in genes encoding
for enzymes of homocysteine metabolism. The classic dis-
order of hyperhomocysteinemia is associated with a mu-
tation in cystathionine �-synthase that leads to fasting
plasma homocysteine concentrations as high as 100–400
mmol/L (normal, �16 mmol/L). The clinical manifesta-
tions of this disorder include mental retardation, ectopic
lens, skeletal abnormalities, premature arterial disease,
and venous thrombosis. Severe elevations in plasma ho-
mocysteine are also associated with homozygous defects
of the methylenetetrahydrofolate reductase (MTHFR) gene
or of various enzymes that participate in the vitamin B12

cycle. However, these mutations are uncommon.
More common forms of hyperhomocysteinemia are

subtle in presentation and may be caused by less severe de-
fects in genes encoding for enzymes or by inadequate sta-
tus of vitamins involved in homocysteine metabolism.
Inadequate folate, vitamin B12, or pyridoxine may result in
a substantial increase in plasma homocysteine concentra-
tion. When present in the homozygous state, a common
thermolabile polymorphism of the MTHFR gene has been
found to be associated with elevated homocysteine levels
in the setting of folate deficiency.

Mild (16–24 mmol/L) and moderate (25–100 mmol/L)
hyperhomocysteinemia has been shown to be an indepen-
dent risk factor for stroke, myocardial infarction, peripheral
arterial disease, and extracranial carotid artery stenosis. It
has also been shown to be a risk factor for VTE disease, and
it augments the risk for VTE associated with oral contracep-
tive use, pregnancy, trauma and surgery, immobilization,
and inherited disorders of thrombophilia, most notably fac-
tor V Leiden mutation and presence of lupus anticoagulant.

As the evaluation of inherited causes of hypercoagula-
bility is both complex and expensive (Table 98.3), it is
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generally best directed by a hematologist or by a specialist
knowledgeable in this area.

ISSUES IN THE HOSPITALIZED PATIENT

Approach to the Bleeding Patient

Thrombocytopenia

The most common causes of abnormal bleeding in hospital-
ized patients are acquired thrombocytopenia, an acquired
qualitative platelet defect (e.g., associated with aspirin use),
or the presence of a structural lesion. Thrombocytopenia can
be caused by disturbances in production, distribution, or de-
struction (Figure 98.2). With splenic enlargement, platelet

pooling increases, which can cause thrombocytopenia.
Platelet counts below 30,000–50,000/�L are unusual. Hy-
poplasia of hematopoietic stem cells can cause thrombocy-
topenia. Causes of hypoplasia include decreased numbers of
megakaryoblasts following injury of the bone marrow by
drugs, chemicals, or radiation, and replacement of bone
marrow by abnormal tissue, most commonly cancer. Exam-
ination of the bone marrow reveals decreased numbers of
megakaryocytes and either an overall decrease in cellularity
or infiltration by abnormal cells.

Decreased production of platelets may also be a conse-
quence of abnormal maturation of megakaryocytes. Defi-
ciencies of either vitamin B12 or folate can cause ineffective
thrombocytopoiesis leading to thrombocytopenia (Chap-
ter 89). Similarly, abnormal platelet production is common
in hematopoietic dysplasias. In both disorders, megakary-
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Initial evaluation

Dilutional Increased peripheral destruction Sequestration

Cause Cause Laboratory findings Cause

Massive  transfusion 1. Sepsis Leukocytosis Hypersplenism
     (Check physical
 2. Disseminated intravascular PT-Prolonged or N   examination,
     coagulation aPTT-Prolonged or N   liver-spleen scan)
  Schistocytes
  Fibrinogen-decreased
  D-dimer-increased

 3. Thrombotic thrombocytopenic Anemia
     purpura/hemolytic-uremic Schistocytes
     syndrome LDH-elevated
  BUN/creatinine-elevated
  PT/aPTT-N

 4. Cardiac: Post-cardiac Anemia
     bypass, prosthetic Schistocytes
     heart valve LDH-elevated

 5. Platelet antibodies Normal screening studies

Secondary evaluation
(Negative initial evaluation or additional evidence necessary for diagnosis)

Bone marrow aspirate and biopsy

Decreased megakaryocytes Normal or increased megakaryocytes

Primary bone marrow process Consistent with increased peripheral
platelet destruction/sequestration

Figure 98.2 Evaluation of thrombocytopenia. aPTT, activated partial thromboplastin time;
BUN, blood urea nitrogen; LDH, lactate dehydrogenase; N, normal; PT, prothrombin time.
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ocytes are usually increased. In hematopoietic dysplasia,
megakaryocytes may be abnormal in appearance.

Increased peripheral destruction or decreased produc-
tion of platelets as consequences of drug therapy are prob-
ably the most common causes of thrombocytopenia in
hospitalized patients. The etiology of drug-induced throm-
bocytopenia is typically destruction of platelets by drug-
induced antibodies (Table 98.2). More than 50 drugs have
been reported to cause immune thrombocytopenia, but
conclusive confirmation is rare (3, 4). In most instances,
the drug must be present to cause antibody binding and
thrombocytopenia, and the platelet count returns to nor-
mal within a few days after discontinuation. Glucocorti-
coids do not accelerate recovery. Platelet antibody tests,
with and without the putative offending agent, are useful in
determining the cause of thrombocytopenia, but they can-
not be performed until the drug clears from the plasma. In
addition, a drug metabolite, rather than the parent com-
pound, may be responsible for antibody formation. Unless
the metabolite is specifically tested, a negative result will be
obtained.

Heparin therapy is associated with a transient decline in
the platelet count that often resolves spontaneously despite
continuation of the drug. This early thrombocytopenia
(within five days of initial therapy) may be seen in more
than 9% of patients. A more worrisome association of
thrombocytopenia with heparin occurs after 5–10 days of
initial heparin therapy. In 3%–5% of patients receiving un-
fractionated heparin therapy, platelet counts fall by more
than 50%, or patients become frankly thrombocytopenic.
This heparin-induced thrombocytopenia is mediated by the in-
duction of an IgG antibody that binds the heparin-platelet
factor 4 complex, which in turn binds the Fc receptor of an
adjacent platelet, causing platelet aggregation and clear-
ance. Heparin-induced thrombocytopenia is seen with
both full-dose unfractionated heparin and low-dose ther-
apy, and it occurs with the low-molecular-weight heparins,
but to a lesser extent. Heparin-induced thrombocytopenia
does not result in abnormal bleeding. Rather, in a subset of
patients, arterial or venous thrombosis may ensue, posing
a therapeutic challenge (see later in this chapter).

Idiopathic thrombocytopenic purpura (ITP) is an autoim-
mune bleeding disorder characterized by the development
of antibodies to one’s own platelets, which are then de-
stroyed by phagocytosis in the spleen and liver. In adults,
the onset is usually gradual, lacks a preceding illness, and
runs a chronic course. In a small percentage of adult cases,
the disease has an acute onset. Ninety percent of adults
with ITP are under age 40, and the ratio of women to men
is between 3:1 and 4:1. Petechiae, ecchymoses, and epis-
taxis develop, and menorrhagia may develop in women.
Death from hemorrhage occurs in about 5% of patients
with chronic ITP. Cerebral bleeding occurs in approxi-
mately 1% of cases. The diagnosis of ITP depends on ex-
cluding underlying systemic disorders that result in in-
creased peripheral destruction or decreased production of

platelets. On physical examination, the spleen is not en-
larged. In ITP, the hemoglobin level is normal unless the
patient has significant bleeding. Peripheral blood smears
reveal normochromic, normocytic red blood cells. The
value of antiplatelet antibody assays in diagnosing ITP is
uncertain. In most cases of ITP, the diagnosis is clear, mak-
ing it unnecessary to confirm the presence of antiplatelet
antibodies. In complex cases, the antibody test may be
helpful. If the clinical evaluation and blood tests do not
identify any systemic disorder causing the thrombocytope-
nia, the bone marrow should be examined. In ITP, the mar-
row is normal, although megakaryocytes may be increased
in number.

Patients with ITP and platelet counts below 20,000/�L
are usually symptomatic and require treatment. Initially,
bleeding associated with ITP is treated with prednisone or
a similar corticosteroid at a dose of 1–2 mg/kg daily. In
80%–90% of patients, the platelet count rises to hemostatic
levels within 2–3 weeks. Failure to respond to steroids is in-
dicated by a platelet count below 50,000/�L after 4 weeks
of treatment. A subnormal platelet count after 6 weeks of
treatment also indicates steroid failure. Once the platelet
count has reached its apex and is stable, steroids are tapered
slowly. However, when the dose of prednisone is tapered,
most patients (�90%) exhibit a recurrence of thrombocy-
topenia. Thus, the primary benefit of prednisone is in the
acute management of bleeding.

Another effective approach to managing patients with
ITP who are actively bleeding or for whom major surgery is
necessary is the use of intravenous gamma globulin. IgG con-
centrate raises the platelet count within 3–5 days in most
patients and is the most rapidly active agent. Unfortu-
nately, the therapeutic effect is usually transient, with the
platelet count falling to baseline levels during the next
month. The dosage is 1 g/kg daily for two successive days.
In 80% of patients, subsequent platelet counts rise above
50,000/�L. A slightly less expensive alternative is anti-Rh
antibody (Winrho), which may be effective in Rh-positive
patients with intact spleens (5).

Given the lack of a sustained remission in most patients
with severe ITP treated with steroids or IgG, a more defini-
tive approach is often necessary. Splenectomy improves the
platelet count in 70% of patients with ITP and induces a
sustained remission in approximately 60%, but no tests
reliably predict which patients will respond. The platelet
count rises within a few days after splenectomy, or at most
in 1–2 weeks. A more recent approach to treating patients
with ITP is the use of Rituximab (Rituxan®), an anti-CD20
antibody. CD-20 is present on the surface of B lymphocytes.
Immunotherapy with an anti-CD20 antibody has resulted
in clinical remissions of a number of malignant and benign
lymphoproliferative disorders, including ITP.

The management of ITP in pregnancy is complicated
by the additional risk for the development of thrombocy-
topenia in the fetus, secondary to maternal antibodies.
Intraventricular hemorrhage, gastrointestinal bleeding,
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and death have been reported in such newborns. When
ITP first develops during pregnancy, the risk for serious
bleeding in the newborn is negligible. Conversely,
neonates born to women with a history of ITP preceding
pregnancy have a 20% risk for severe thrombocytopenia.
In addition to treating the underlying ITP, some experts
recommend cesarean delivery in this situation to decrease
the risk for intracranial bleeding in the newborn, although
this is controversial.

Antibodies directed against platelets may occur in sev-
eral disorders other than ITP. Antibody-mediated destruc-
tion of platelets occurs in lymphoproliferative disorders,
such as chronic lymphocytic leukemia and lymphoma.
Generally, thrombocytopenia improves with treatment of
the underlying malignancy. The platelet count improves
with immunosuppressive therapy such as prednisone. Im-
mune thrombocytopenia is also common in systemic lupus
erythematosus (Chapter 112). The platelet count is usually
mildly-to-moderately decreased. Other manifestations of
the disease are present in most cases. Immune thrombocy-
topenia occurs less commonly in other systemic autoim-
mune disorders. Thrombocytopenia associated with
antiplatelet antibodies has been reported in patients 
with infectious mononucleosis, HIV infection, and cy-
tomegalovirus infection. In the case of infectious mono-
nucleosis and cytomegalovirus infection, thrombocyto-
penia is usually self-limited, with recovery in 3–4 weeks. In
patients with severe thrombocytopenia and bleeding, a
short course of glucocorticoids may help raise the platelet
count.

When packed erythrocytes or non-fresh whole blood is
transfused to replace lost blood, thrombocytopenia may en-
sue (Chapter 91). Approximately 35%–40% of platelets re-
main in the circulation after replacement of 1 blood vol-
ume; microvascular bleeding from thrombocytopenia
occurs rarely after replacement of 1–2 volumes. Platelets
should be transfused only when thrombocytopenia and
bleeding are present. Finally, microangiopathies associated
with an increased consumption of platelets (as in DIC) are
often the cause of thrombocytopenia in hospitalized pa-
tients (see later in this chapter).

Qualitative Disorders of Platelet Function

Drugs that inhibit platelet function include nonsteroidal
anti-inflammatory agents, which inhibit platelet function
by blocking platelet synthesis of prostaglandins. Aspirin
permanently impairs platelet function. One aspirin tablet
is sufficient to cause this effect. Fortunately, in most peo-
ple, this does not result in excessive bleeding, but in
patients with von Willebrand disease or with severe coag-
ulation factor deficiency, serious bleeding can result.
Therefore, aspirin is contraindicated in these disorders.
High doses of �-lactam antibiotics induce an abnormality
in platelet function that persists for 2–3 days after the
drug is discontinued. The mechanism is unclear. The

bleeding time is prolonged, and patients may have in-
creased bleeding.

Platelets function abnormally in patients with renal
failure. The uremic metabolites responsible for this dys-
function are uncertain. Thrombocytopenia is uncommon
and usually mild, and it may be a consequence of the un-
derlying cause of renal disease. Uremic bleeding is usually
mucocutaneous and reflects abnormal platelet or vascular
hemostasis. The bleeding time is commonly prolonged,
but other causes of prolongation must be excluded.
Hematocrits of �24% also prolong the bleeding time in
uremia. Transfusion of packed red blood cells to elevate
the hematocrit above 26% improves the bleeding time,
and is thus a reasonable therapeutic approach for patients
with acute bleeding or whose risk for bleeding is high. Ad-
ministration of recombinant erythropoietin to raise the
hematocrit above 26% is also effective as prophylaxis
against bleeding before elective surgery or in cases of
chronic blood loss.

When abnormal bleeding develops in a uremic patient,
one must evaluate the possibilities of a structural lesion
and other hemostatic abnormalities. Platelet abnormalities
are seldom the sole cause. When the hemostatic defect of
renal failure is believed to be a significant contributing fac-
tor to bleeding, the patient should undergo dialysis (Chap-
ter 101). Both peritoneal dialysis and hemodialysis usually
reverse the hemostatic defect. If the bleeding time remains
prolonged and the patient is bleeding, other agents can be
tried. In order of preference, these are low-dose conjugated
estrogens, 1-deamino-8-D-arginine vasopressin (DDAVP),
and cryoprecipitate. Their efficacy, however, has not been
firmly established. Platelet transfusion usually has no
benefit.

Platelet function is sometimes abnormal in liver disease,
but the extent to which this contributes to bleeding is un-
clear. The bleeding time may be prolonged in moderately
severe liver disease when the platelet count is �90,000/�L.
DDAVP has been reported to improve the bleeding time in
these circumstances. More commonly in hepatic failure, a
bleeding diathesis is secondary to deficiencies of coagula-
tion factors (Chapters 82 and 83).

The inherited disorders of platelet function are found in
a minority of hospitalized patients, but the presence of
these disorders should be suspected in those patients with
a supportive history of bleeding. Patients may provide a
lifelong history of easy bruising, epistaxis, and prolonged
oozing after venipuncture, dental extractions, and menses.
These disorders often are characterized by a prolonged
bleeding time and by platelets that fail to aggregate nor-
mally when stimulated with specific agonists, the particular
pattern depending on which disorder is present. The
platelet count is normal in most of these disorders.

The most common congenital bleeding disorder is von
Willebrand disease. An autosomal dominant disorder, it is
characterized by a deficiency of von Willebrand factor,
which is necessary for the adhesion of platelets to connec-
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tive tissue. Because von Willebrand factor is a carrier pro-
tein for factor VIII, patients with von Willebrand disease
can be deficient in both activities. In most patients, von
Willebrand disease causes a platelet-like bleeding diathesis. The
manifestations of disease differ from those of hemophilia
in that bleeding is predominantly confined to the skin and
mucous membranes; hemarthrosis is rare.

There are three general types of von Willebrand disease,
based on whether the defect is quantitative (type I, the
most common, and type III) or qualitative (type II). Mea-
surement of the bleeding time is often the first screening
test employed, but the bleeding time may be normal in
some patients. A specific assay of von Willebrand factor is
the measurement of the response of platelets to ristocetin.
In the presence of ristocetin and von Willebrand factor,
platelets agglutinate. Deficiency of factor VIII/von Wille-
brand factor can be quantified by measuring the extent of
platelet agglutination in response to a standard concentra-
tion of ristocetin. The level of von Willebrand factor in
plasma is also measured by immunologic techniques.
However, the diagnosis of von Willebrand disease can be
exceptionally difficult because the concentrations of von
Willebrand factor and factor VIII in persons with and with-
out von Willebrand disease can fluctuate considerably.
Factors known to increase the concentrations of von Wille-
brand factor and factor VIII are stress, pregnancy, use of
oral contraceptives, and estrogen replacement therapy in
postmenopausal women.

Most types of von Willebrand disease are treated with
administration of DDAVP, which is thought to increase en-
dothelial cell release of stored von Willebrand factor. For
those patients with severe quantitative defects of von
Willebrand factor and qualitative defects, infusion of factor
VIII concentrates enriched with von Willebrand factor may
be necessary (6).

Treatment of Bleeding Patients with Platelet
Disorders

The Role of Platelet Transfusions
When serious bleeding complicates thrombocytopenia,
platelet transfusions are effective only if the cause is de-
creased production. Thrombocytopenia secondary to in-
creased peripheral destruction or sequestration is usually
refractory to platelet transfusion. Bleeding secondary to
qualitative platelet disorders ordinarily responds to platelet
transfusions, except when the bleeding diathesis is a conse-
quence of uremia or hepatic failure or when an offending
drug persists in the circulation. For patients with congeni-
tal platelet disorders, platelets must be transfused judi-
ciously because repeated transfusions stimulate the
production of allo-antibodies. Eventually, it may become
impossible to raise the platelet count through transfusion.
Accordingly, platelet transfusions should be reserved for se-
rious bleeding or in preparation for surgery in patients with
moderately severe platelet defects.

The consequences of thrombocytopenia are entirely
hemostatic. The risk for bleeding varies according to the
platelet count (Table 98.7) (7).

Platelet transfusions are indicated for patients who are
bleeding actively and have either a platelet count below
50,000/�L or a qualitative platelet abnormality manifested
by a prolonged bleeding time. Platelet transfusions may
also be indicated prophylactically before surgery or other
invasive procedures. Before surgery, platelet counts should
be above 50,000/�L in most cases, and above 90,000/�L
for procedures such as neurosurgery or ophthalmologic
surgery, in which any abnormal bleeding may cause exces-
sive morbidity. For invasive procedures, such as kidney or
liver biopsies, a platelet count above 50,000/�L is probably
sufficient, provided platelet function is normal.

For patients who require platelet transfusions continu-
ally, platelets should be obtained from a single donor for
each transfusion (generally 6–7 units) to reduce the risk for
formation of multiple allo-antibodies (see later in this
chapter). In a 70-kg patient, one unit of platelets usually
raises the platelet count by approximately 10,000/�L. The
count should be repeated 10–60 minutes after transfusion
to assess the compatibility of the transfused platelets and to
determine whether the desired count has been achieved. In
actively bleeding patients, the platelet count should be
maintained above 50,000/�L.

Allo-antibodies Against Platelets
In approximately 50%–60% of patients who become
refractory to random donor platelets, anti-HLA (human
leukocyte antigen) antibodies appear to be responsible. If
this occurs, platelet cross-matching to find compatible
donors is performed. Usually, a panel of platelets from
20–30 donors is tested. If a satisfactory response is not
achieved with cross-matched platelets, HLA-compatible
platelets are used because HLA antigens are the most
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TABLE 98.7
RISK FOR BLEEDING IN PATIENTS WITH
THROMBOCYTOPENIA, ACCORDING TO
PLATELET COUNTa

Platelet count
(#/�L) Usual clinical consequences

�100,000 No abnormal bleeding, even with major 
surgery.

50,000–100,000 Patients may bleed longer than normal with 
severe trauma.

20,000–50,000 Bleeding occurs with minor trauma, but 
spontaneous bleeding is unusual.

�20,000 Patients may have spontaneous bleeding.
�10,000 Patients are at high risk for severe 

bleeding.

aAssumes normal platelet function.
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important in determining allo-immunization. Antibodies
against platelet-specific antigens probably represent fewer
than 1% of allo-immunization problems. Cross-matched
platelets are available immediately, whereas HLA-compati-
ble platelets usually are not available for 24 hours. With
cross-matching, a number of compatible units may be
identified with one test, but HLA testing is performed one
donor at a time. The two platelet products are equally ef-
fective. Only 50% of refractory patients are refractory on
the basis of allo-immunization.

Eventually, it may become impossible to raise the
platelet count through transfusion. Accordingly, platelet
transfusions should be reserved for serious bleeding or in
preparation for surgery in patients with moderately severe
platelet defects. When patients are refractory to platelet
transfusion, consultation with a hematologist (if not al-
ready obtained) should be requested.

Platelet Growth Factors
Recently, it was discovered that recombinant forms of the
cytokine interleukin 11 (IL-11, also called Neumega) and
the growth factor thrombopoietin have the ability to raise
the platelet count in patients with bone marrow failure and
thrombocytopenia secondary to chemotherapy. IL-11 has
been approved for use by the U.S. Food and Drug Admin-
istration, and recombinant forms of thrombopoietin are in
clinical trials. Because these agents work by stimulating
platelet production, their utility in disorders characterized
by platelet destruction is uncertain.

Coagulation Disorders Associated with
Bleeding

Hospitalized patients may also have a known or previously
undiagnosed coagulation disorder as a cause of their bleed-
ing. With few exceptions, a clinically significant coagula-
tion disorder will present with elevations in the PT, aPTT,
or both (Figure 98.1).

In descending order of frequency, the differential diagno-
sis of isolated prolongation of the PT includes the following:

1. Early liver disease
2. Vitamin K deficiency
3. Early warfarin therapy
4. Factor VII deficiency in the early stage of any disorder in

which multiple coagulation factors are depleted (e.g.,
DIC)

Sole prolongation of the PT without prolongation of the
aPTT occurs when the coagulation disorder involves only
factor VII. Any process that diminishes all coagulation fac-
tors will initially be manifested as an isolated prolongation
of the PT, because factor VII has the shortest plasma half-
life and becomes depleted first. Therefore, in early or mild
liver disease, the PT is often prolonged (with a normal
aPTT). However, as the disease progresses, eventually all
coagulation factors are depleted, accompanied by prolon-

gations in both the PT and aPTT. Similarly, though vitamin
K deficiency and warfarin can ultimately prolong both the
PT and the aPTT, early vitamin K deficiency or early war-
farin (Coumadin) therapy is generally associated with an
isolated prolongation of the PT. Disorders such as DIC or
dilutional coagulopathy (in which all coagulation factors
are depleted) can also present in their early stages as an iso-
lated prolongation of the PT.

Factors II, V, VII, VIII, IX, X, and XIII, fibrinogen, and
probably factor XI are all synthesized in the liver. Moder-
ately severe liver disease can lead to a deficiency of any
combination of these factors and produce a bleeding
diathesis. Liver disease can also increase a patient’s risk for
bleeding by causing thrombocytopenia secondary to con-
gestive splenomegaly and increasing baseline fibrinolysis.
Correction of the hemostatic defects in patients with liver
failure and acute bleeding is difficult. Because of the short
half-life of factor VII (6 hours), correction of the PT by
transfusion of plasma is transient. With severe clotting fac-
tor deficiency, volume limitations necessitate the use of fac-
tor II/VII/IX/X concentrates (prothrombin complex) in ad-
dition to plasma. Hypofibrinogenemia is usually present in
end-stage liver disease. When the fibrinogen level is �100
mg/dL, patients can be treated with cryoprecipitate. When
significant thrombocytopenia secondary to portal hyper-
tension is present, platelet transfusion is frequently ineffec-
tive because of splenic sequestration. Consequently, one
can often improve but not completely correct the hemo-
static defects associated with end-stage liver disease.

Vitamin K is required for calcium-dependent activation
of factors II, VII, IX, and X. Consequently, vitamin K defi-
ciency is associated with decreased activity of these factors
and a hemorrhagic tendency. Vitamin K deficiency and
consequent abnormalities in coagulation are not unusual
in severely ill, hospitalized patients. Antibiotics that elimi-
nate the intestinal bacteria that synthesize vitamin K are
commonly used, and patients frequently have an inade-
quate dietary intake of vitamin K. Vitamin K deficiency as a
cause of abnormal clotting is diagnosed empirically by as-
sessing the results of administering vitamin K. Improve-
ment of the PT should be seen within 6 hours, with total
correction within 24 hours, if vitamin K deficiency was the
culprit.

Severe bleeding can develop in patients given warfarin
for anticoagulation, whether the international normalized
ratio (INR) is in the target therapeutic range or excessively
prolonged. When the INR is in a therapeutic range, the aPTT
may be mildly prolonged or normal. A localized cause of
bleeding should be sought under these circumstances. De-
pending on the severity of bleeding, patients can be treated
with plasma replacement, or, in severe cases, prothrombin
complex concentrates, recombinant activated factor VII
(rFVIIa, Novo7®), and fresh frozen plasma. Vitamin K
should also be administered in those patients with marked
prolongation of the INR and major bleeding (8). The most
common causes of an isolated elevation of the aPTT in a
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hospitalized patient are the presence of lupus anticoagu-
lant, which is not associated with a bleeding diathesis, and
unfractionated heparin therapy. Deficiencies of the factors
that comprise the aPTT pathway and inhibitors of these fac-
tors are seen much less frequently, but they must be consid-
ered if the patient’s bleeding is to be treated appropriately.
Systemic administration of unfractionated heparin results
in an elevated aPTT, or the aPTT can be increased artifactu-
ally when blood samples are drawn through intravenous
lines containing heparin. Patients with the lupus anticoag-
ulant and a prolonged aPTT are at increased risk for throm-
bosis. The remaining causes of an isolated, prolonged aPTT
are relatively rare; they include hemophilia, other factor de-
ficiencies, and inhibitors of clotting factors.

Patients in whom severe bleeding occurs while they are
taking heparin usually have an underlying cause, such as a
postoperative wound or a structural lesion (e.g., peptic ul-
cer, colonic polyp, recent trauma). Stopping the heparin is
usually sufficient to stop the bleeding because heparin has
a short half-life (about 1.5 hours). When life-threatening
bleeding occurs and the aPTT is significantly prolonged by
heparin, intravenous protamine sulfate can be given to re-
verse the effects of heparin. The amount given should be
equivalent to the estimated dose of heparin given, with the
short half-life of heparin taken into account (1 mg of pro-
tamine sulfate for approximately 90 units of heparin). If,
for example, major bleeding occurs half an hour after a
heparin bolus, the amount of protamine sulfate given
should be equivalent to one-half the initial heparin dose.
Protamine sulfate must administered cautiously—slowly
over 10 minutes—as it can be associated with anaphylactic
reactions. The anticoagulant effect of low-molecular-
weight heparin is only partially neutralized by protamine
sulfate.

The PT and aPTT are most likely to be prolonged to-
gether in clinical situations in which multiple clotting fac-
tors are diminished or altered in production (i.e., liver
disease, vitamin K deficiency, warfarin therapy) or depleted
through dilution or generalized consumption.

Hypercoagulability in the Hospitalized Patient

Secondary Thrombophilia

In the majority of patients admitted to the hospital with an
idiopathic VTE event, an underlying cause is not diagnosed,
and they are successfully treated with a standard regimen of
heparin followed by warfarin. However, a minority of pa-
tients admitted to the hospital with thrombosis, and many
patients in whom thrombosis develops while they are in
the hospital, will be refractory to conventional treatment.
Cancer patients with VTE, patients with chronic inflamma-
tory bowel disease or a central line, patients undergoing
revascularization procedures, and patients who have un-
dergone transplantation of a solid organ are all at risk for
the development of refractory thrombosis syndromes.

Hospitalized patients with thrombosis who have accompa-
nying thrombocytopenia or coagulopathy are especially
challenging. Anticoagulation in these patients must be ap-
proached with great caution.

The most common cause of hypercoagulability in hos-
pitalized patients is secondary thrombosis associated with
the postoperative state, prolonged immobilization, ad-
vanced age, or cancer. Thrombosis occurs after joint re-
placement surgery in more than 40%–60% of patients who
do not receive prophylactic anticoagulation, and in ap-
proximately 30% of patients who do (5). Additionally,
trauma, major abdominal surgery, and postoperative com-
plications such as pneumonia, which prolong bed rest and
immobilization, increase the risk for thrombosis.

The association of thrombosis with cancer is well docu-
mented, with or without accompanying DIC. In large series
evaluating patients with deep venous thrombosis and pul-
monary embolism (DVT/PE), more than 20% of patients
had underlying cancer (9). In a cohort study of patients pre-
senting with DVT/PE, the standardized incidence ratio for
all types of cancer was 3 during the first 6 months of follow-
up; at one year after the thrombotic event, it declined to one
(10). The extent of an evaluation for cancer that should be
performed in a patient presenting with DVT/PE is contro-
versial, in that there is no evidence that early detection in
this situation improves outcome. A reasonable approach
would include a thorough physical examination, including
breast and gynecologic examinations in a woman and a
prostate examination in a man. Laboratory studies should
determine the following: hematocrit, platelet count, PT,
aPTT, fibrinogen level, and (in a man) possibly prostate-
specific antigen level. Standard cancer screening techniques
(such as colonoscopy or fecal occult blood testing and
mammography) are appropriate, and chest radiography is
also reasonable in this setting. Cancer patients with VTE are
often refractory to warfarin treatment when it is given to
achieve a standard target INR range of 2–3. Oftentimes, the
thrombophilic disorder of these patients is best controlled
by warfarin with an INR of 3–4 or with long-term low-
molecular-weight heparin therapy, regardless of whether
DIC complicates the picture (Chapter 52).

Heparin-induced thrombocytopenia should be considered
in patients receiving heparin therapy when frank thrombo-
cytopenia or a decrement of the platelet count by 50% oc-
cur. As discussed above, the exposure to heparin may not
always be via a therapeutic heparin infusion. Patients with
heparin-induced thrombocytopenia do not bleed; rather,
they are at risk for the development of either arterial or ve-
nous thrombosis. These patients pose a great challenge
because they cannot be treated with heparin (either unfrac-
tionated or low-molecular-weight heparin), and warfarin
should not be used acutely as the sole anticoagulant. A
hematology consultant should aid the treating physician in
obtaining one of the newer thrombin inhibitor agents or
heparinoids to treat these patients during episodes of acute
thrombosis (11).

Chapter 98: Hemorrhagic and Thrombotic Disorders 989

26410 ch 098  3/12/05  2:46 PM  Page 989



Central venous catheter-associated thrombosis is not un-
common, but it is often overlooked because of its initially
subtle presentation. Neurology patients needing intermit-
tent plasmapheresis, cancer patients receiving chemother-
apy, patients with gastrointestinal disease who need
nutrition or hydration, or patients with poor venous ac-
cess often acquire some form of a central venous catheter
while hospitalized. Central venous catheter-associated
thrombosis may occur in 6%–60% of patients. The great
variability in defining this complication is reflected in the
broad range of definitions used in various clinical studies.
The placement of central venous catheters is responsible
for up to 60% of cases of superior vena cava syndrome in
some series. The most common presentations of central
venous catheter-associated thrombosis include a swollen,
painful arm; facial swelling; breast swelling; overt superior
vena cava syndrome (Chapter 92); evidence of an inferior
vena caval clot associated with placement of a femoral
vein line; or pulmonary embolus.

If these symptoms develop acutely while the patient is in
the hospital and are severe, thrombolytic therapy, such as
with tissue plasminogen activator (tPA), can be successfully
administered (12), although rigorous studies proving its ef-
fectiveness are limited. Thrombolytic therapy should be
administered in the ICU to allow close monitoring of lab-
oratory test results and bleeding complications. Heparin
therapy can be used concomitantly with and continued af-
ter the completion of the thrombolytic therapy. Bleeding
commonly complicates the use of thrombolytic therapy in
this setting. It typically manifests at the site of a large-bore
venous catheter or any arterial puncture site, so caution
should be exercised. Patients can then be treated for several
months with warfarin (Chapter 52).

In very ill or medically complicated patients with signif-
icant pulmonary embolism, an inferior vena cava filter is of-
ten placed (Chapters 52 and 53). The presence of an inferior
vena cava filter decreases the risk for subsequent pulmonary
embolus acutely if the origin of the new clot is distal to the
existing filter. However, placement of an inferior vena cava
filter may be associated with recurrent VTE if the patient is
not maintained on long-term anticoagulation (13).

Microangiopathies

The thrombotic microangiopathies are hematologic emer-
gencies associated with abnormal clotting. They are charac-
terized by the presence of microangiopathic hemolytic
anemia, thrombocytopenia, microvascular thrombosis,
and multiple organ dysfunction. Diagnosis of the microan-
giopathies is crucial to avoid the morbidity and mortality
associated with these disorders.

Disseminated intravascular coagulation represents an
imbalance of the clotting and fibrinolytic systems and is
characterized by either clinical bleeding or clotting, throm-
bocytopenia, hypofibrinogenemia, and coagulopathy. It

may be associated with an acute presentation of sepsis and
clinical bleeding, or a subtle presentation with DVT or mi-
grating thrombophlebitis. The classic Trousseau’s syndrome is
the syndrome of hypercoagulability associated with cancer,
especially of the adenomucinous type, with or without
DIC. In “well-compensated DIC”, the patient presents with
DIC characterized by a low-to-normal platelet count and a
normal PT and aPTT. Once suspected, the diagnosis of DIC
is confirmed by a review of the blood smear, which
demonstrates the presence of schistocytes, and by labora-
tory findings of a low fibrinogen level and a positive D-
dimer test result.

Patients with DIC and thrombosis can be treated both
acutely and on a long-term basis with standard heparin
therapy, although this is controversial. The patient with
DIC who presents with bleeding presents a greater thera-
peutic challenge. Treatment of the underlying disorder is
paramount, but not always feasible or successful. Patients
can be supported with low-dose unfractionated heparin
(300–500 units/h) in an attempt to control the consump-
tive thrombotic process. Platelet and cryoprecipitate
transfusions may be necessary to treat the profound
thrombocytopenia and hypofibrinogenemia, respectively.
An antifibrinolytic agent (e.g., Amicar) is generally con-
traindicated unless the patient has excessive bleeding, in
which case an antifibrinolytic agent may be a necessary
addition to the heparin therapy. These complicated clini-
cal scenarios are best handled with the active input of a
hematologist who specializes in the clinical care of pa-
tients with coagulopathies.

Thrombotic thrombocytopenic purpura and hemolytic ure-
mic syndrome are also thrombotic microangiopathies with
overlapping clinical components. Hemolytic uremic syn-
drome is more common in children than in adults and is
typically associated with a gastrointestinal illness caused
by enterotoxigenic Gram-negative bacteria. Thrombotic
thrombocytopenic purpura has been found to be an au-
toimmune disorder marked by the presence of an anti-
body directed against a metalloprotease responsible for
cleaving large molecular weight forms of circulating von
Willebrand factor (VWF). The TTP antibody inhibits the
function of this protease, thereby inhibiting additional
processing of VWF. The result is the presence of large mul-
timeric forms of VWF in circulation, which are highly
thrombogenic, leading to the widespread deposition of
platelet microthrombi.

The classic presentation of thrombotic thrombocy-
topenic purpura includes the “pentad” of thrombocytope-
nia, microangiopathic hemolytic anemia, renal dysfunc-
tion, neurologic deficit, and fever. Hemolytic uremic
syndrome, on the other hand, is characterized by only
thrombocytopenia, anemia, and renal dysfunction. The
clinical manifestations and systemic involvement of
thrombotic thrombocytopenic purpura vary greatly, but
the most consistent abnormalities include hemolytic ane-
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mia, with hematocrits in the 21%–26% range, and con-
sumptive thrombocytopenia, with platelet counts in the
range of 20,000–40,000/�L. In one review, only 34% of
patients with the clinical diagnosis of thrombotic throm-
bocytopenic purpura had the classic pentad. Ninety-eight
percent of patients had an elevated lactate dehydrogenase
level, with a median value of 1,208 units/L (14).

The diagnosis of thrombotic thrombocytopenic pur-
pura is crucial because untreated TTP is associated with a
90% mortality rate. Thrombosis of the microvasculature
may involve the myocardial, cerebral, renal, or mesenteric
vessels, resulting in marked dysfunction of the affected or-
gans. Once the diagnosis is suspected, a hematologist
should be consulted immediately to confirm the diagno-
sis and institute therapy. The mainstay of therapy is
plasmapheresis, which is associated with a 56%–80%
response rate. Salvage therapy for those patients refractory
to plasmapheresis includes splenectomy, steroid therapy,
and rituximab (15).

KEY POINTS

■ Proper use and interpretation of screening tests—
prothrombin time, activated partial thromboplastin
time, and platelet count—will usually be sufficient to
determine whether a patient has a bleeding disorder
and to define it. A normal prothrombin time means
that the patient does not have liver disease as a cause of
bleeding; a normal bleeding time means that uremia-
associated hemostatic abnormalities are not the cause
of bleeding.

■ Most causes of abnormal bleeding are acquired: drug-
induced thrombocytopenia, sepsis, poor vitamin K in-
take, administration of antibiotics in the intensive care
unit, anticoagulants, and liver and renal failure.

■ Blood products should be used judiciously in patients
with abnormal laboratory results. If the patient is not
bleeding, or is bleeding with mild laboratory abnormal-
ities, transfusion of fresh frozen plasma, platelets, or
both is not likely to be indicated.

■ A careful drug history is critical in evaluating thrombo-
cytopenia in hospitalized patients. The diagnosis of
thrombophilia, whether of primary or secondary cause,
is often a clinical one that may affect the intensity and
duration of anticoagulant therapy.

■ Hypercoagulability in the hospitalized patient can result
from the presence of an underlying disease, especially
cancer, and the presence of central venous access
catheters.

■ Thrombophilia caused by heparin therapy or microan-
giopathies is rare but constitutes a medical emergency
that necessitates consultation with a coagulation spe-
cialist.
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INTRODUCTION

The clinical presentation of renal disease varies from signs
and symptoms caused directly by the kidney (hematuria,
proteinuria, flank pain) to those caused by the systemic ef-
fects of kidney disease (hypertension, edema). However,
many patients are asymptomatic despite significant renal
disease. After the presence of significant renal disease is rec-
ognized, the primary goal of the history, physical examina-
tion, and laboratory assessment is to make a correct
diagnosis of the cause. The proper interpretation of the uri-
nalysis and diagnosis of the cause of oliguria, increasing
blood urea nitrogen (BUN) and creatinine levels, or edema
help guide therapy and predict prognosis.

RENAL SIGNS, SYMPTOMS, AND
LABORATORY ABNORMALITIES

Urinalysis

Interpretation at Time of Admission

In deciding whether to hospitalize a patient, the urinalysis
can serve as an invaluable tool in the initial evaluation.
This is true regardless of whether the patient has renal dis-
ease or not. The urine dipstick provides a battery of tests,
which can provide clues to liver disease, volume status, di-
abetic control, urinary tract infection or stones, acid-base
derangements, multiple myeloma, and rhabdomyolysis.
The urinalysis also serves as the first and most important di-
agnostic test in any patient with acute or chronic renal dis-
ease. There are no abnormalities of the urinalysis that in
isolation would necessitate hospitalization, but abnormal-
ities may support a diagnosis that requires hospitalization.
Early attention to the urinalysis may expedite appropriate
hospitalization, consultations, and treatment.
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Specific Gravity
One of the common diagnostic dilemmas faced at the time
of admission is determining fluid status. The urine specific
gravity is a useful adjunct to the history and physical exam-
ination in indicating volume status and, more importantly,
the effective circulating volume. Urine osmolality is an accu-
rate reflection of antidiuretic hormone secretion. Urine os-
molality ranges from a low of 50–100 mOsm/L in the
absence of antidiuretic hormone, to 900–1200 mOsm/L in
the presence of maximum arginine vasopressin (AVP) ef-
fect if there is normal renal function. Urine specific gravity
correlates well with urine osmolality, and specific gravity
increases by 0.001 for every increase in urine osmolality of
35–40 mOsm/L. Urine that is iso-osmolar with plasma has
a urine osmolality of 280 mOsm/kg or a specific gravity of
1.008. However, osmolality is a measure of particles in so-
lution, and specific gravity is a measure of the number of
particles and weight expressed as weight compared with
water. These differences may lead to situations in which
specific gravity and urine osmolality do not correlate, such
as if there are large amounts of large particles in the urine
(e.g., contrast media, heavy proteinuria, glucosuria). This
leads to a very high specific gravity (1.030–1.050); the
urine osmolality may be much lower.

Urine pH
The urine pH is useful in evaluating patients with an anion-
gap metabolic acidosis (Chapter 105) or monitoring the re-
sponse to intravenous bicarbonate therapy. If alkali therapy
is used to prevent acute renal failure from rhabdomyolysis
or uric acid or sulfadiazine stone disease, the urine pH
should be kept above 6.5–7.0. The urine pH loses its diag-
nostic value if the urine is infected with urease-producing
bacteria such as Proteus or Klebsiella organisms, which raise
the urine pH.

Leukocyte Esterase and Nitrites
Leukocyte esterase is released from neutrophils and nor-
mally is not found in urine. The urine leukocyte esterase
test screens for more than 10 leukocytes per high-power
field. Nitrate is reduced to nitrite by the enterobacteriaceae
family of Gram-negative bacteria, which includes many of
the common urinary pathogens. The urine nitrite test pre-
dicts the presence of more than 105 colonies of these
bacteria. However, urinary tract infections caused by Gram-
positive bacteria is missed by the nitrite test. Both tests have
a sensitivity of 90% and a specificity of 75%, with a nega-
tive predictive value of 99%. The decision to admit the pa-
tient with pyelonephritis usually is made on clinical
grounds (Chapter 68), but the presence of urinary tract in-
fection is supported by these screening tests, along with
urine microscopy and culture.

Occult Blood
Most commercially available urine dipsticks test for occult
blood. This test is very sensitive in detecting more than three

red cells per high power field, with a sensitivity of 80%–95%
and specificity of more than 95%–99%. The presence of red
cells should be confirmed with microscopy. On most occa-
sions occult blood correlates with the red cells, but the 
occult-blood test also is positive in the presence of free
hemoglobin or myoglobin. The presence of significant occult
blood in the absence of red cells should raise the suspicion of
rhabdomyolysis or massive intravascular hemolysis (1).

Ketones
In a patient with hyperglycemia and a high anion-gap
metabolic acidosis, the diagnosis of diabetic ketoacidosis
can be confirmed quickly with the urine dipstick, which
confirms the presence of ketones. The urine dipstick detects
the presence of acetoacetic acid and acetone but does not
detect �-hydroxybutyric acid.

Bilirubin/Urobilinogen
Unconjugated bilirubin is protein-bound, water-insoluble,
and not usually found in the urine. Thus, the urine dipstick
test for bilirubin is negative if there is hemolytic anemia.
Conjugated bilirubin is water-soluble and is detected read-
ily by urine dipstick in clinical conditions such as biliary
obstruction. Urine suspected of containing bilirubin
should be tested quickly, because bilirubin breaks down
quickly after exposure to light.

Intestinal bacteria convert bilirubin to urobilinogen,
which is reabsorbed and may appear in the urine. Most
conditions that cause increased bilirubin therefore also in-
crease urinary urobilinogen levels. An important exception
is biliary obstruction, which may prevent the entry of
bilirubin into the intestine. Thus, patients with biliary ob-
struction may have a urine dipstick test that is positive for
urine bilirubin but negative for urobilinogen.

Protein
The urine dipstick for protein detects urinary albumin. The
test becomes positive if total albumin excretion is more
than 300–500 mg/d. The result usually is reported from
trace to “4�” protein, which corresponds to a range of
between 15–30 and 500 mg/dL. Thus, the test result is a
concentration that is influenced by both the total daily al-
bumin excretion and the urine volume. The urine dipstick
is not a sensitive test for proteinuria. In diabetic patients, a
positive urine dipstick probably reflects macroalbuminuria
and significant renal injury. The urine dipstick also is nega-
tive in patients excreting immunoglobulin light chains be-
cause of multiple myeloma. However, the sulfosalicylic
acid test detects all urinary protein; this test should be per-
formed in elderly patients presenting with unexplained re-
nal failure, a negative urine sediment, and a negative
dipstick test for protein.

Urine Microscopy
In the evaluation of renal disease, urine microscopy is the
most important component of the urinalysis. The history
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Figure 99.1 A. Red cell cast (40�). B. Muddy brown
granular cast (40�). C. Indinavir crystal (40�). D. Sulfadiazine
crystal (40�). E. Renal tubular epithelial cell cast (note eccen-
tric nucleus; 40�).

A

C

E

B

D

and physical examination along with dipstick and mi-
croscopy results narrow the differential diagnosis, guide
further evaluation, and help with decisions about need for
urgent treatment (Figure 99.1). The urine is examined un-
der low power (10x) and high power (40x) for the presence
of cells, casts, and crystals. Polarizing light is valuable in
identifying crystals and lipids in the urine, and phase-
contrast microscopy is useful in providing more detail of
red-cell morphology.

In addition to noting the numbers per high-power field
of the three cell types, the red cell morphology should be de-
scribed as dysmorphic if acanthocytes are seen; dysmorphic

red cells are characteristic markers for glomerular bleeding
(2). They are best seen under phase-contrast microscopy.
Significant acanthocyturia (defined as �5% of the excreted
red cells) has a sensitivity of only 52% but a specificity of
98% for glomerular bleeding. Urine sometimes reveals
lipid droplets, an abnormal finding that is diagnostic of
glomerular disease.

The presence of cellular casts is extremely helpful in the
evaluation of renal disease. Hyaline and granular casts are
not abnormal findings in the urine sediment. However, red
cell casts are virtually diagnostic of glomerulonephritis,
with a specificity of 97% but a sensitivity of less than 25%
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(Figure 99.1A). In the absence of dysmorphic red cells or
red cell casts, it is difficult to distinguish urologic from
glomerular bleeding. More than 500 mg/d of proteinuria,
“cola”-colored urine, and the absence of blood clots are all
consistent with glomerular bleeding. The presence of red
cells in the urine does not significantly increase urine pro-
tein concentration. Thus, significant proteinuria seen on
the dipstick test should not be attributed to the presence of
red cells. White cell casts indicate the presence of renal in-
terstitial inflammation as seen in pyelonephritis or intersti-
tial nephritis. The presence of white cell casts also helps
differentiate pyelonephritis from cystitis.

The presence of muddy brown granular casts, free renal
tubular cells, and renal tubular epithelial cell casts in the
urine is indicative of tubular damage, and these findings
support the diagnosis of acute tubular necrosis in a patient
with acute renal failure (Figure 99.1 B, E). However, ab-
sence of these urinary findings does not exclude the diag-
nosis of acute tubular necrosis. Muddy brown granular
casts and renal tubular cells also can be seen in patients
with hyperbilirubinemia, normal renal function, and no
tubular damage.

The presence of crystalluria is useful in the evaluation of
renal disease in certain clinical situations. Many drugs can
crystallize in the urine and can cause acute renal failure from
bilateral ureteral drug stones or from intratubular crystal ob-
struction, nephrolithiasis, and dysuria. These drugs are used
commonly in HIV-infected patients and include sulfadi-
azine, indinavir, and intravenous acyclovir (Figure 99.1 C,
D). Some patients with normal renal function may have
drug-induced crystalluria, which is not an abnormal find-
ing. All patients with crystalluria and renal failure should be
evaluated with a renal ultrasound study to exclude urinary
tract obstruction. Uric acid nephropathy is the presence of
acute renal failure caused by renal tubular obstruction by
urate and uric acid crystals. The urine sediment may be nor-
mal but occasionally has amorphous material containing
uric acid crystals, which appear as rhomboidal crystals or as
microcrystallites. Crystalluria also is seen in ethylene glycol
(automobile antifreeze) intoxication. In this case, the uri-
nalysis typically reveals mild proteinuria, microscopic
hematuria, pyuria, and calcium oxalate crystals.

Urinalysis Obtained During Hospitalization

The urinalysis is used in the same manner during hospital-
ization as at the time of admission. The main diagnostic
dilemma in hospitalized patients is diagnosing the cause of
acute renal failure (Chapter 100). The diagnosis of acute
tubular necrosis can be confirmed with a urinalysis show-
ing the presence of muddy brown granular casts and renal
tubular cells. Allergic acute interstitial nephritis resulting
from drugs given during the hospitalization should be sus-
pected in patients developing acute renal failure; the pre-
sentation may include pyuria, white cell casts, fever, rash,
and occasionally eosinophiluria. Glomerular diseases usu-

ally are present at the time of hospital admission and rarely
develop de novo during hospitalization.

Oliguria and Anuria

Presenting at the Time of Admission

Description and Differential Diagnosis
The presence of oliguria or anuria is an important sign of
impaired renal function that requires immediate evalua-
tion, because early identification and treatment of poten-
tially reversible causes of oliguria may restore normal renal
function or prevent more prolonged renal dysfunction (3).
The patient may relate a history of diminished or absent
urine output over a variable period of time prior to admis-
sion. Oliguria usually is defined as a urine output of less
than 20 mL/h, or 400–500 mL per 24 hours. This definition
is based on the fact that an adult ingesting a normal diet is
obliged to excrete approximately 600 mOsm of solute per
day; because the urine can be maximally concentrated to
1200 mOsm/L, the minimum amount of urine needed to
excrete this solute load is 0.5 L. Thus, any urine amount less
than this results in the retention of solutes, including ni-
trogenous waste products. A subset of patients with oliguria
may have negligible-to-absent urine output. This condition
is referred to as anuria, defined as a urine output of less
than 50 mL per 24 hours. The differential diagnosis for
anuria is limited and includes urinary tract obstruction (the
most common cause), renal cortical necrosis, necrotizing
rapidly progressive glomerulonephritis, aortic aneurysm,
and bilateral renal artery occlusion (4).

Oliguria is categorized as prerenal, renal, intrinsic
(parenchymal) or postrenal (obstructive). The list of pre-
renal causes of oliguria includes conditions that result in
decreased absolute intravascular volume or decreased ef-
fective circulating volume. Prerenal causes also include the
use of drugs such as nonsteroidal anti-inflammatory drugs
and angiotensin-converting enzyme (ACE) inhibitors that
disrupt normal renal hemodynamics. The common de-
nominator that underlies the prerenal causes of oliguria is
decreased renal blood flow to normal, undamaged kidneys,
resulting in decreased glomerular filtration rate (GFR) and
subsequent reduction in urine output. Prompt restoration
of renal blood flow in patients with prerenal oliguria usu-
ally results in rapid improvement in GFR and urine output.

Renal or intrinsic causes of oliguria result from damage
to specific areas of the renal parenchyma resulting in de-
creased GFR. The renal causes can be subdivided based on
the anatomic location of the renal lesion: tubular (most
commonly, acute tubular necrosis), interstitial (acute inter-
stitial nephritis), or glomerular (acute glomerulonephri-
tis). Many of the prerenal causes of oliguria lead to
ischemic injury to the tubules if not corrected. Thus, there
is a continuum from prerenal events to intrinsic renal dam-
age in the untreated patient. Moreover, patients frequently
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have both prerenal (volume depletion) and intrinsic renal
(acute tubular necrosis) components to their decreased
GFR and consequent oliguria.

Obstruction of the urinary tract sufficient to result in olig-
uria can occur anywhere along the urinary tract, from the re-
nal pelvis to the urethral meatus, and can result from a wide
spectrum of causes including neoplasms, strictures, stones,
retroperitoneal fibrosis, blood clots, and prostatic disorders
(Chapter 103). Urinary tract obstruction can be divided into
upper or lower urinary tract (bladder outlet) causes. In order
to cause oliguria, upper urinary tract obstruction must in-
volve both kidneys or a solitary kidney. Lower urinary tract
obstruction resulting from prostatic disease is probably the
most common cause of oliguria or anuria in patients pre-
senting to the hospital emergency department.

Evaluation
Oliguria requires prompt evaluation to identify the pres-
ence of either prerenal or postrenal (obstructive) causes
that can be reversed quickly. Early identification and treat-
ment of prerenal causes may prevent or attenuate renal
tubular injury and a prolonged course of acute renal failure.
Early detection and relief of urinary tract obstruction may
prevent or minimize permanent renal damage and hasten
recovery of viable renal function.

The initial assessment of a patient with oliguria begins
with characterization of the intravascular volume status.
This involves obtaining a history, performing a careful
physical examination, and, if necessary, invasive hemody-
namic monitoring. True volume depletion usually is read-
ily apparent in patients presenting with a history of fluid or
blood loss and the physical signs and symptoms of hypo-
volemia. It is more difficult to assess the effective circulat-
ing volume in patients with obvious extracellular volume
overload, such as those with congestive heart failure or cir-
rhosis. In these situations, invasive hemodynamic moni-
toring, including a pulmonary artery catheter, may be
necessary to provide insight into the effective circulating
volume and the cardiac output. In addition, patients who
develop oliguria after the initiation of ACE inhibitors
should be evaluated for renal artery stenosis.

Urinary tract obstruction always should be considered
early in the evaluation of a patient with oliguria, especially
in patients without evidence of volume depletion. The pa-
tient may present with symptoms and signs of obstruction,
including difficulty initiating or maintaining urinary flow,
dysuria, and suprapubic or back pain. A history of alternat-
ing episodes of polyuria and oliguria is also suggestive of
possible urinary tract obstruction. Physical examination
should include an abdominal examination, a digital rectal
examination in men to evaluate the prostate, and a biman-
ual pelvic examination in women to detect possible causes
of lower-tract obstruction. A bladder catheter should be
placed after a spontaneous urinary void to measure the
postvoid residual urine volume. As part of the assessment
of oliguria, a renal ultrasound should be performed to

evaluate for evidence of hydronephrosis. Renal ultrasonog-
raphy has a greater than 90% sensitivity and a 74%–92%
specificity for detection of urinary tract obstruction. It may
be falsely negative in the setting of conditions in which the
calyces do not dilate despite the presence of obstruction.
Such conditions include retroperitoneal malignancies,
retroperitoneal fibrosis, volume depletion, and very early
urinary tract obstruction. If urinary tract obstruction still is
suspected despite lack of demonstrable hydronephrosis on
ultrasound, a retrograde pyelogram should be performed.

The urinalysis is the first and most important laboratory
test to be performed in the initial evaluation of the patient
with oliguria. Prerenal causes of oliguria usually are associ-
ated with a bland urinary sediment, whereas intrinsic renal
causes of oliguria usually result in abnormal sediment.
Measurement of serum BUN and creatinine levels also are
performed as part of the laboratory evaluation. Oliguria re-
sulting from prerenal causes (and occasionally with
obstructive causes) is usually associated with a BUN-to-
creatinine ratio of greater than 20:1 because of enhanced
urea reabsorption by the kidney. Oliguria caused by intrin-
sic renal disease is usually associated with a ratio less than
20:1. However, this ratio can be affected by other condi-
tions. For example, increased catabolism or blood in the
gastrointestinal tract augment urea production and in-
crease the ratio, whereas a low-protein diet or liver disease
reduce urea production and decrease the ratio.

Evaluation of urinary sodium and water excretion can be a
helpful guide in the evaluation of a patient with oliguria,
and serve as an indicator of the functional integrity of the re-
nal tubules (Table 99.1). Patients with prerenal causes of
oliguria intensely reabsorb sodium and water to maintain
intravascular volume. Thus, in prerenal oliguria, the urinary
sodium concentration and the fractional excretion of
sodium ([urine/plasma Na] � [urine/plasma creatinine] �
100) are low, and the ratio of urine to plasma osmolality
and creatinine is greater than 1. In the setting of intrinsic re-
nal causes of oliguria, tubular function is impaired. The pat-
tern of urinary indices in this setting reflects these defects, as
manifested by high urinary sodium concentration and frac-
tional excretion of sodium and urine osmolality that is
equal or less than plasma osmolality. Similar urinary in-
dices have been noted in acute interstitial nephritis. Not all
intrinsic renal causes of oliguria show this pattern of urinary
indices, however. For example, in acute glomerulonephritis,
contrast- and myoglobin-induced acute tubular necrosis,
and early urinary tract obstruction, the urinary indices may
have a prerenal pattern. This probably results from intense
renal vasoconstriction in the early stages of these disorders,
which leads to avid sodium retention. In addition, the use
of diuretics or dopamine and the presence of solutes in the
urine such as glucose increase the urinary excretion of
sodium. A recent study suggested that the fractional excre-
tion of urea ([urine/plasma urea] � [urine/plasma creati-
nine] � 100) can help distinguish between prerenal
azotemia versus acute tubular necrosis, especially when
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diuretics have been administered (5). A low fractional ex-
cretion of urea (�35%) was found to be more sensitive and
specific of an index of prerenal azotemia than was a low frac-
tional excretion of sodium. Interpretation of the urinary in-
dices should be done with caution. The diagnosis of the
cause of oliguria should be based primarily on a thorough
history and physical examination; the urinalysis and uri-
nary indices should serve only as confirmatory data.

Management
Patients found to have true volume depletion should be hy-
drated with appropriate volume therapy (crystalloid, col-
loid, or blood products) to reestablish euvolemia (Chapter
25). In addition, drugs that cause volume depletion (di-
uretics), disrupt renal hemodynamics (ACE inhibitors,
nonsteroidal anti-inflammatory drugs), or decrease vascu-
lar resistance (antihypertensive agents) should be discon-
tinued. Lower urinary tract obstruction usually is relieved
by placement of a bladder catheter, whereas upper-tract ob-
struction requires urologic or interventional radiologic in-
tervention. Following relief of urinary tract obstruction,
there can be a substantial postobstructive diuresis (often
500–1000 mL/h) resulting from excretion of the retained
excess sodium and water and impaired tubular reabsorp-
tive function. Patients with a brisk postobstructive diuresis
may need intravenous fluids to avoid hypovolemia (Chap-
ter 103).

Oliguria and azotemia caused by disorders associated
with decreases in effective circulating volume such as
congestive heart failure or cirrhosis can be therapeutic chal-
lenges, because the treatment must be directed at improv-
ing cardiac or hepatic function in patients with chronic

irreversible damage of these organs (Chapters 39 and 83).
The management of oliguria resulting from intrinsic renal
disorders is discussed in Chapter 100.

Presenting During Hospitalization

Oliguria that develops in a hospitalized patient frequently
is caused by multiple hemodynamic and nephrotoxic
insults endured during the hospitalization (Chapter 100)
(6, 7). This often is seen in the severely ill patient in the ICU
with multi-organ system failure. Such insults include sep-
ticemia, volume contraction, surgery and anesthesia,
nephrotoxic drugs, and radiocontrast agents. The majority
of cases of oliguria in hospitalized patients are caused by ia-
trogenic factors. Classifying the cause of oliguria using the
prerenal, intrinsic renal, and obstructive classes outlined
previously is helpful in the hospitalized patient. Prerenal
factors account for 30%–60% of the cases of oliguria. The
major intrinsic renal cause for oliguria is acute tubular
necrosis resulting from the various hemodynamic and
nephrotoxic insults noted previously. Although acute inter-
stitial nephritis resulting from administered drugs is a fre-
quent cause of acute decrease in GFR in the hospitalized
patient, this lesion usually does not cause oliguria. Urinary
tract obstruction is encountered much less frequently in
hospital-acquired oliguria, but patients with bladder
catheters should be evaluated for possible occlusion of the
catheter.

In evaluating a patient with acute oliguria, it is helpful to
review the hemodynamic flow sheet for evidence of hy-
potension, especially hypotension during a perioperative
period. In addition, the temporal relationship between the
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TABLE 99.1
DIFFERENTIAL DIAGNOSIS OF OLIGURIA: URINALYSIS, WATER, AND SODIUM METABOLISM

Water
Metabolism Sodium handling

Fractional
Urine/plasma Urine Na, excretion of

Diagnosis Urinalysis osmolality mEq/L Na (%)

Prerenal Normal, or hyaline casts �1 �20 �1
Intrarenal
• Tubular necrosis Granular and epithelial cell casts �1 �20 �1
• Interstitial nephritis Pyuria, hematuria, mild proteinuria, �1 �20 �1

granular and epithelial cell casts,
eosinophils

• Glomerulonephritis Hematuria, marked proteinuria, �1 �20 �1
red blood cell casts, granular casts

• Vascular disorders Normal or hematuria, mild proteinuria �1 �20 �1
Postrenal Normal or hematuria, granular casts, �1 Early, �20 Early, �1

pyuria Late, �20 Late, �1

Na, sodium.
Adapted from Toto RD. Approach to the patient with acute renal failure. In Greenberg A, ed. Primer on Kidney
Diseases. San Diego: Academic Press, 1998:258.
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onset of oliguria and the use of drugs that are potentially
nephrotoxic or alter renal hemodynamics should be noted.
The physical examination and changes in body weight
should help determine the patient’s volume status. If there
is uncertainty as to the volume status, invasive hemody-
namic monitoring should be considered. The evaluation of
oliguria should include the performance of a urinalysis
and, if necessary, obtaining urinary indices.

The management of acute oliguria in the hospitalized
patient follows the same approach as for the patient in
whom it presents at admission. Drugs that are nephro-
toxic or negatively alter renal hemodynamics should be
discontinued.

Edema

Presenting at the Time of Admission

Description and Differential Diagnosis
Edema is defined as a palpable swelling produced by expan-
sion of the interstitial fluid volume and results because the
amount of fluid filtered exceeds the amount returned in the
lymphatics. The differential diagnosis can be divided into
four groups by primary mechanisms (8) (Table 99.2): (a) in-

creased capillary hydrostatic pressure, which is responsible
for edema formation in heart failure, cirrhosis, and sodium
retention caused by renal disease or drugs, pregnancy, or id-
iopathic edema; (b) hypoalbuminemia caused by protein
loss or reduced synthesis, as occurs in nephrotic syndrome
and liver disease, respectively; (c) increased capillary perme-
ability caused by burns, sepsis, allergic reactions, trauma, or
the adult respiratory distress syndrome; and (d) lymphatic
obstruction or increased interstitial oncotic pressure, exem-
plified by lymph node enlargement or with hypothyroidism.

Evaluation
The first step in the evaluation of the patient with edema is
to characterize the edema as localized or generalized (Table
99.2). Generalized edema reflects a widespread increase in
extracellular fluid, and the location of edema reflects de-
pendent forces. Anasarca is severe generalized edema that
can be detected in virtually all body parts. Localized edema
results from the local disturbance of the balance between
fluid filtration and reabsorption. The differential diagnosis
of localized edema includes inflammation, lymphatic ob-
struction, venous obstruction, and thrombophlebitis. Lo-
calized edema is easily differentiated from generalized
edema by asymmetry and other associated findings such as
redness, warmth, and pain. Cellulitis, lymphatic obstruc-
tion caused by tumor involvement of lymph nodes, and
deep venous thrombosis all are causes of localized edema
that usually require immediate attention and may require
hospitalization.

Even in the absence of structural renal disease or renal
insufficiency, the common derangement among the major
causes of generalized edema is abnormal sodium retention
by the kidney. In the patient with generalized edema, the
goal is to identify the responsible disease process. The his-
tory, physical examination, and laboratory results should
help the clinician differentiate among edema caused by
congestive heart failure, cirrhosis, or renal diseases such as
nephrotic syndrome, acute glomerulonephritis, or chronic
renal insufficiency. Identifying patients with pulmonary
edema is important independent of the cause of the gen-
eralized edema, because these patients need immediate at-
tention and may require hospitalization (Chapter 39).
Pulmonary edema is more likely to accompany congestive
heart failure than cirrhosis or nephrotic syndrome. Iso-
lated right ventricular dysfunction may present with pe-
ripheral edema, ascites, and edema of the abdominal wall
without pulmonary edema. It may be confused with cir-
rhosis because of consequent liver dysfunction from hep-
atic congestion. However, right ventricular dysfunction
causes elevation of the jugular venous pressure, while cir-
rhosis usually does not. Patients with generalized edema
caused by hepatic cirrhosis are also more likely to give a
history of developing ascites prior to developing periph-
eral edema.

Periorbital and peripheral edema (and at times ascites)
characterize generalized edema resulting from nephrotic
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TABLE 99.2
MAJOR CAUSES OF EDEMA, BY PRIMARY
MECHANISM

Generalized Localized

Increased capillary Increased capillary 
hydrostatic pressure hydrostatic pressure

Heart failure Venous obstruction  
Cirrhosis (e.g., deep venous 
Renal sodium retention thrombosis)
Pregnancy/premenstrual
Idiopathic edema

Hypoalbuminemia

Nephrotic syndrome (protein loss)
Liver disease (reduced synthesis)

Increased capillary Increased capillary
permeability permeability

Burns, sepsis, allergic reactions Infection
Trauma

Lymphatic obstruction or Lymphatic obstruction
increased interstitial oncotic or increased pressure
pressure

Hypothyroidism Malignant nodal
involvement
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syndrome. Although the early stage of renal disease is usu-
ally asymptomatic, the history may provide some clues. A
history of frothy urine, which is caused by proteinuria, may
help delineate the time course of the nephrotic syndrome.
Patients with chronic renal insufficiency may complain of
nocturia and frequency because of the inability to concen-
trate their urine. Significant glomerular hematuria leads to
a history of “cola”-colored urine. The presence of renal dis-
ease may be confirmed by elevated serum BUN and creati-
nine levels, or a urinalysis showing proteinuria with or
without hematuria. Patients with nephrotic syndrome and
normal renal function usually do not present with signs of
true intravascular volume expansion. However, patients
with severe chronic renal insufficiency, acute renal failure,
diabetic nephropathy, or acute glomerulonephritis may
have renal sodium retention leading to true intravascular
volume expansion and pulmonary edema.

The cause of localized and generalized edema should be
diagnosed quickly on presentation, aided by the history,
examination, and minimal tests. Patients who may require
hospital admission include those with the combination of
generalized edema and pulmonary edema, those with lo-
calized edema caused by deep venous thrombosis or
cellulitis, and possibly those with unexplained venous
obstruction (who may have an undiagnosed malignancy).
Patients with generalized edema caused by nephrotic syn-
drome or cirrhosis but with no pulmonary edema rarely re-
quire hospital admission because of edema. However, even
these patients may require hospitalization for control of
the edema if they fail to respond to outpatient treatment
with diuretics or develop other edema-related complica-
tions, such as skin breakdown and cellulitis.

Patients with no evident cardiac, renal, or hepatic cause
of edema may have idiopathic edema, a diagnosis of exclu-
sion that most often occurs in young, menstruating
women. The etiology is not well understood. Idiopathic
edema should not be confused with premenstrual edema,
which resolves shortly after the onset of menses.

Management
The treatment of localized edema is directed at the underly-
ing cause (9) (Chapters 39, 52, 69, and 83). Patients with lo-
calized edema usually become volume-depleted if diuretics
are used to treat the edema. However, patients with gener-
alized edema and pulmonary edema require immediate
therapy. If cardiac disease is present, the initial treatment of
the edema should include treatment of the underlying car-
diac disease that precipitated pulmonary edema (e.g., is-
chemia, infarction, arrhythmia). The mainstay of treatment
of generalized edema accompanied by pulmonary edema is
loop diuretics (10), the use of which should be guided by a
few basic principles. The pharmacologic properties of all
loop diuretics are very similar; thus, patients who do not re-
spond to adequate doses of one loop diuretic probably will
not respond to another. All commonly used loop diuretics
are highly protein-bound, and hypoalbuminemia leads to a

larger extravascular space and slower diuretic delivery to the
kidney. Being protein-bound, diuretics do not enter the
tubular fluid by glomerular filtration but by proximal
tubule secretion. In addition, patients with significant pro-
teinuria have filtered albumin, which can inactivate some of
the diuretic in the nephron.

The first step in using loop diuretics is to determine the
threshold dose. If a patient does not respond to the starting
dose, the dose should be doubled until adequate natriure-
sis is achieved. Increasing the frequency of administration
of the diuretic before the threshold dose is achieved does
not lead to an improved natriuresis. The maximum effec-
tive dose of intravenous furosemide in patients with mod-
erate renal insufficiency is 80–160 mg; severe renal
insufficiency, 160–200 mg; nephrotic syndrome, 80–120
mg; cirrhosis, 40 mg; and congestive heart failure, 40–80
mg. The dose should be doubled when converting from
intravenous to oral administration.

Ineffective natriuresis may occur for many reasons. Pa-
tients on a high sodium intake have an inadequate net
natriuresis, and all patients started on diuretics for general-
ized edema should be placed on a low sodium diet (less
than 100 mEq/d). Poor absorption of furosemide also
should be considered. Patients with severe congestive heart
failure may be prone to slower absorption and low bioavail-
ability because of poor intestinal perfusion. Bumetanide or
torsemide both have better bioavailability than furosemide
and should be tried if oral doses of furosemide are not ef-
fective in patients with heart failure. If patients do not re-
spond to maximal doses of loop diuretics, the addition of a
thiazide diuretic usually increases natriuresis by blocking
sodium absorption at a different nephron site. Spironolac-
tone is usually a weak diuretic, but in patients with cirrho-
sis, it can be more effective than furosemide.

In the absence of cirrhosis, there is no limit to the rate of
fluid removal in patients with generalized edema and pul-
monary edema. Two to three liters per day can be removed
safely in most patients. Rapidity of fluid removal is assured
by maintaining an adequate effective circulating volume.
The BUN and creatinine levels can serve as a monitor of
this. The main exception to the safety of rapid fluid re-
moval occurs in patients with cirrhosis and ascites, who do
not have peripheral edema, and in whom diuresis should
be slower (Chapter 83).

The main adverse reactions to diuretics include allergic
reactions, ototoxicity, and fluid and electrolyte abnormali-
ties. Ototoxicity is mostly associated with high doses of
loop diuretics given in combination with other ototoxic
drugs such as aminoglycosides. Most cases of deafness
caused by loop diuretics are transient in nature. Continu-
ous intravenous infusion of a loop diuretic may help
minimize the risk of ototoxicity in hospitalized patients re-
ceiving high-dose diuretics. To maintain a constant diure-
sis, continuous intravenous infusion should be considered
in ICU patients who have only a short-lived response to bo-
lus therapy.
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Edema Presenting During Hospitalization

The previous discussion also applies to patients who de-
velop edema during hospitalization. Some patients with
compensated heart failure, nephrotic syndrome, or cirrho-
sis develop edema during hospitalization because the
underlying condition worsens. However, most patients de-
velop edema because of iatrogenic reasons. Rigorous fluid
resuscitation in the ICU may initiate edema formation, and
many causative factors unique to the ICU may maintain the
edema. Sodium retention is triggered by the following
three factors: (1) mechanical ventilation with positive end-
expiratory pressure, which decreases cardiac output; (2)
reduced muscle-pump activity, which reduces venous re-
turn; and (3) cytokine release from sepsis, causing hy-
potension, cardiac depression, and increased capillary per-
meability. The edema usually resolves with improvement
of the underlying illness that necessitated ICU admission.
Diuretic therapy is indicated only in those patients with
clinical signs of volume overload as evidenced by pul-
monary edema, or abnormal invasive monitoring vari-
ables, such as a high pulmonary capillary wedge pressure.

Elevated BUN and Creatinine

Presenting at the Time of Admission

Description and Differential Diagnosis
Elevated BUN and creatinine levels in patients presenting
to the hospital are usually indicative of decreases in GFR.
The term renal insufficiency usually is applied to patients
with mild-to-moderate decreases in GFR who do not re-
quire dialytic support. Decreases in GFR can be either acute
or chronic. Chronic renal insufficiency or failure usually is
a slowly progressive irreversible loss of renal function that
results in end-stage renal disease.

Before assuming that elevated BUN and creatinine indi-
cate renal dysfunction, the possibility of nonrenal factors
should be considered. Because creatinine is freely filtered
across the glomerulus and is not reabsorbed by the kidney,
measurement of the serum creatinine concentration is a
good endogenous indicator of GFR. However, there is some
tubular secretion of creatinine (10%–40%); thus, the crea-
tinine clearance may overestimate the true GFR by the same
margin. Drugs such as trimethoprim and cimetidine that
block the secretion of creatinine result in an increase in
serum creatinine level unrelated to any changes in GFR.
Similar to creatinine, urea is excreted primarily by glomeru-
lar filtration. Therefore, the BUN level tends to vary
inversely with GFR. However, there are factors that can in-
crease the BUN level without affecting the GFR. These con-
ditions include a high-protein diet, hyperalimentation, gas-
trointestinal bleeding, severe catabolic states, and the
administration of corticosteroids or tetracycline. Con-
versely, a low-protein diet or liver disease can result in a

lower BUN concentration. The percentage of urea reab-
sorption increases during volume depletion, resulting in el-
evation of the BUN level without decreases in GFR.

Evaluation
The first question to consider in evaluating a patient pre-
senting with elevated BUN and creatinine levels is whether
renal insufficiency is acute or chronic (3). An important
historical clue is prior measurements of serum creatinine
concentration. Reviewing the medical record may reveal an
abnormal urinalysis in the past, which may suggest a
chronic process. Oliguria is an unusual finding in patients
with chronic renal insufficiency and suggests that the pro-
cess is acute. Serial measurements of serum creatinine may
be helpful; a stable value is more consistent with a chronic
process. The presence of anemia also is suggestive of
chronic renal insufficiency. Determining the kidney size by
ultrasound imaging is helpful, because small kidneys are
more indicative of chronic renal insufficiency. Although
normal- to large-sized kidneys in a patient with renal in-
sufficiency usually are suggestive of an acute process, there
are five chronic conditions associated with normal- to
large-sized kidneys: diabetic nephropathy, amyloidosis,
HIV-associated nephropathy, adult polycystic kidney dis-
ease, and, rarely, infiltrative disorders of the kidney (e.g.,
lymphoma, leukemia). Chapter 100 includes a complete
discussion of acute renal failure.

For patients in whom it is established that renal insuffi-
ciency is chronic, the next question to consider is the cause
of the renal disease. Table 99.3 lists the major causes of
chronic renal insufficiency. After a careful history and phys-
ical examination, the first laboratory tests to be performed
in evaluating a patient with chronic renal insufficiency are
a urinalysis and a 24-hour urine collection for protein ex-
cretion. Figure 99.2 presents a differential diagnosis for the
major causes of chronic renal insufficiency based on the re-
sults of these two tests (11). A renal ultrasound should be
performed in the evaluation of all patients with either acute
or chronic renal insufficiency to rule out urinary tract
obstruction.
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TABLE 99.3
MAJOR CAUSES OF CHRONIC RENAL
INSUFFICIENCY

Cause Prevalence

Diabetes mellitus 31%
Hypertension 27%
Cystic diseases (polycystic kidney disease) 14%
Glomerulonephritis 5%
Urologic diseases 5%
Others/unknown 18%
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Management
Chapter 100 includes a discussion about managing acute
renal failure and Chapter 101 discusses dialysis issues. For
most patients with chronic renal insufficiency, renal func-
tion usually continues to deteriorate over time and pro-
gresses inexorably to end-stage renal disease. There is no
specific therapy to reverse this progression for most causes
of renal disease, but there are treatments that can slow the
rate of renal function loss. Control of systemic hyperten-
sion is the most important therapeutic maneuver. Also,
both experimental and clinical studies have suggested that
ACE inhibitors may have a therapeutic advantage over con-
ventional antihypertensive drugs in slowing the progres-
sion of many types of renal disease, especially if started
early in the course of renal insufficiency. Similar results
also have been achieved with the nondihydropyridine cal-
cium channel blockers. Administering ACE inhibitors can
produce some negative effects in patients with renal insuf-
ficiency, including acute deterioration in renal function,
hypotension, hyperkalemia, and a nonproductive cough.
Blood pressure, renal function, and serum potassium con-
centration should be monitored closely during initiation of
ACE-inhibitor therapy. Dietary protein restriction also has
been advocated as a therapeutic modality to slow progres-
sion of chronic renal insufficiency; one meta-analysis and a
recent trial suggest that a low-protein diet slows the pro-
gression of renal disease (12, 13).

Increased BUN and Creatinine Presenting
During Hospitalization

Chapter 100 covers the management of elevated BUN and
creatinine levels presenting in hospitalized patients.

KEY POINTS

■ Urine microscopy is the most important tool in the eval-
uation of renal disease and can be invaluable in deciding
whether to hospitalize a patient.

■ The presence of oliguria or anuria is a critical sign of im-
paired renal function. It requires immediate evaluation
by the admitting physician, because early identification
and treatment may restore normal renal function or pre-
vent more prolonged renal dysfunction.

■ The cause of localized and generalized edema should be
diagnosed quickly on presentation with history and
physical examination and few tests. Patients that may re-
quire hospital admission include those with the combi-
nation of generalized edema and pulmonary edema and
those with localized edema.

■ Once it is established that an increase in BUN and
creatinine levels or the presence of oliguria or anuria 
in a patient is associated with renal insufficiency, pre-
renal, intrinsic renal, or obstructive causes should be
considered.
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Chronic Renal Insufficiency

+ RBCs
(Nephritic)

Proteinuria > 2–3
grams/24h

Proteinuria < 2–3
grams/24h

– RBCs
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Bland (no cells) + WBCs

Sediment Sediment

+/– RBCs

• SLE
• Vasculitis
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• MPGN (HCV)
• Alport’s
   disease

• Hypertensive nephropathy
• Polycystic kidney disease
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• Chronic pyelonephritis
• Urinary tract obstruction
• Multiple myeloma
• Bilateral renal artery stenosis
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glomerulo-
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(idiopathic,
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• Diabetic
   nephropathy
• Membranous GN
• Amyloidosis

Interstitial
nephropathy 

Figure 99.2 Diagnostic approach to chronic renal insufficiency. GN, glomerulonephritis; HCV,
hepatitis C virus; HIV, human immunodeficiency virus; MPGN, membranoproliferative glomeru-
lonephritis; RBC, red blood cells; SLE, systemic lupus erythematosus; WBC, white blood cells.
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Acute Renal Failure
Ravindra L. Mehta Frank Liu

INTRODUCTION

Although there is no consensus regarding a standard defi-
nition, acute renal failure (ARF) is most commonly defined
as a recent decline in renal function resulting in a reduced
ability to excrete nitrogenous waste products, often associ-
ated with fluid retention. Elevations in the serum levels of
urea nitrogen and creatinine often are used to judge the
severity of ARF. From a practical standpoint, ARF can occur
de novo or be superimposed on previously impaired renal
function, and can be community-acquired or develop in
the hospital. It also may complicate the course of an ICU
patient. The delineation of timing and setting of ARF is of
some importance because the strategies for diagnosis and
management, and the outcomes, are different (Table
100.1). Recent evidence suggests that ARF may increase the
risk for developing nonrenal complications such as sepsis
and bleeding. It is thus increasingly evident that early
recognition and appropriate management of ARF are im-
portant goals. This chapter outlines the key principles for
and a sequential approach to the diagnosis and manage-
ment of ARF.

ACUTE RENAL FAILURE PRESENTING AT
THE TIME OF ADMISSION

Community-acquired ARF in the absence of any other
problem is a relatively infrequent cause for hospital admis-
sion and usually suggests a primary renal process that may
have been unrecognized. More commonly, ARF may com-
plicate the course of a patient presenting with other organ
dysfunction (e.g., cardiac or hepatic failure, or sepsis). The
main issues that require attention are recognition and di-
agnosis of ARF, initial management to correct reversible
factors, and determining the need for and timing of dialytic
intervention.

Issues at the Time of Admission

Diagnosis

Patients with ARF usually are identified from a laboratory
result demonstrating an elevation in blood urea nitrogen
and creatinine levels (most commonly a rise in serum cre-
atinine from a known previous baseline by �1 mg/dL, or
an absolute value of �2 mg/dL). This elevation may be as-
sociated with a decline in urine volume and symptoms of
uremia (fatigue, fluid retention, easy bruising, and confu-
sion). Often these findings are overshadowed by the clini-
cal features of other organ failure. It is thus important to
evaluate the setting in which ARF is identified and deter-
mine possible contributing factors.

Traditionally, causes of ARF have been delineated as
prerenal, renal, and postrenal. This approach utilizes an
anatomic separation of the possible factors responsible for
ARF, permitting an easy method for considering the possi-
ble causes. However, an alternative and equally useful clas-
sification of ARF is based on the anticipated course of the
disease and the reversibility of the lesion (Table 100.2). This
approach suggests that initial efforts should be directed to-
ward determining whether the process can be reversed eas-
ily, as is the case in many prerenal and postrenal conditions
(e.g., volume depletion and obstructive uropathy). Simi-
larly, it is equally important to ascertain if there is poten-
tially irreversible damage to the kidney (e.g., vascular oc-
clusion), which may leave a limited window of
opportunity for reversal. For the remaining clinical entities,
diagnostic strategies are currently helpful only in a limited
way, because the therapeutic approaches are similar (except
if ARF is caused by an aggressive acute glomerulonephritis,
as discussed later).

A standardized approach to diagnosing ARF begins with
a detailed history and chart review to determine recent clin-
ical events and potential nephrotoxin exposure. Volume
status should be assessed, as should changes in urinary vol-

100
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ume, color, and symptoms. Every attempt should be made
to determine recent intake of prescription and over-the-
counter drugs (particularly nonsteroidal anti-inflammatory
agents, which are a common cause of renal function de-
cline, especially in elderly patients and those with heart
failure or cirrhosis). Evidence of pre-existing renal dysfunc-
tion always should be sought; the patient may or may not
be aware of the dysfunction. A comprehensive physical ex-
amination looking for reversible factors responsible for de-
creased effective renal perfusion and renal obstruction is an
important next step. In the elderly male patient, a rectal ex-
amination should be performed to evaluate for prostatic
hypertrophy. Auscultation revealing an abdominal bruit
may suggest an ischemic cause of ARF. Similarly, the pres-
ence of a cardiac arrhythmia such as atrial fibrillation may
point to the possibility of embolic disease.

All patients with ARF should have a urinalysis, serum
chemistry tests (including measurement of electrolytes,
urea nitrogen, creatinine, calcium, phosphate, uric acid,
and liver enzymes), and complete blood count with
platelets. Evaluation of the anion gap (Chapter 105) can be
an important clue to an underlying tubulointerstitial pro-

cess (i.e., renal tubular acidosis) and may even point to the
cause of ARF (e.g., myeloma associated with a low anion
gap). Urine and serum chemistry tests can provide impor-
tant clues to the underlying disorder, particularly the
presence of prerenal factors. Urine electrolyte patterns as-
sociated with prerenal or renal profiles may be influenced
by several factors, and their diagnostic utility may be some-
what limited. Nevertheless, tests that measure tubular reab-
sorption (i.e., fractional excretion) can help indicate
whether the condition is caused by tubular (i.e., intrinsic
renal) dysfunction or by prerenal factors. The fractional ex-
cretion of urea nitrogen ([urine/plasma urea nitrogen] �
[plasma/urine creatinine] � 100) may be more accurate
than the more commonly used fractional excretion of
sodium ([urine/plasma sodium] � [urine/plasma creati-
nine] � 100) (1). Unlike the fractional excretion of
sodium, the fractional excretion of urea nitrogen is
relatively unaffected by prior diuretic use and metabolic al-
kalosis (both conditions may result in high fractional ex-
cretion of sodium in the presence of volume depletion). A
cut-off of less than 35% is fairly discriminatory for prerenal
conditions (the traditional cut-off for the fractional excre-
tion of sodium is �1%) (2). Serum creatinine may be a
poor surrogate for estimating the magnitude of decline in
renal function, because it is influenced by the patient’s age,
gender, muscle mass, and volume status. Similarly, in the
presence of hepatic failure, serum creatinine levels may be
underestimated by chromogenic methods. Quantification
of glomerular filtration rate by creatinine clearance is
preferable but may not always be possible.

Abdominal ultrasound is usually indicated, and
Doppler examination of the renal vasculature also may be
useful in some circumstances. In the setting of ARF in the
ICU, contrast studies should be avoided in the workup of
renal failure. If the integrity of renal perfusion is in ques-
tion, an isotope scan can provide useful information. If
there is any doubt about the quality of the scan, however, a
renal angiogram may be necessary.

In the presence of active urine sediment and other fea-
tures suggestive of glomerulonephritis, immunologic tests
for antineutrophilic antibodies, antiglomerular basement
antibodies, and complement levels may be useful. Renal
biopsy is generally the most definitive way of diagnosing
ARF, but this test is often omitted because of fear of com-
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TABLE 100.1
CLINICAL SETTING FOR ACUTE RENAL FAILURE

Community-acquired Hospital-acquired ICU-acquired

Incidence Low (�1%) Moderate (2%–5%) High (10%–20%)
Cause Often single (pre � post � renal) May be single or multiple Often multifactorial (pre � renal)
Outcome (patient survival) Good (70%–95%) Moderate (30%–50%) Poor (10%–30%)

Pre, prerenal; Post, postrenal.
Modified from Elasy TA, Anderson RJ. Changing demography of acute renal failure. Semin Dial 1996;9:438–443.

TABLE 100.2
CLASSIFICATION OF ACUTE RENAL
FAILURE

Reversible

Decreased effective renal perfusion
Extrarenal obstruction to renal flow

Self-Limited

Acute tubular necrosis
Acute interstitial nephritis
Intrarenal obstruction secondary to drugs or uric acid
Acute glomerulonephritis

Irreversible

Cortical necrosis
Large vessel occlusion
Certain nephrotoxins (e.g., methoxyfluorane)
Microvascular occlusions
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plications and/or confidence in the clinical diagnosis.
However, in patients with intrinsic renal failure ultimately
found to be caused by glomerular disease, biopsy has been
shown to change management in more than half the cases
(3). As newer therapeutic interventions become available,
biopsy is likely to become increasingly important in estab-
lishing a specific diagnosis and guiding therapy.

Diagnostic Tests on the Horizon

Because the most commonly used clinical tools for diag-
nosing renal failure—rise in creatinine and decrease in
urine output—are far from ideal, researchers have tried to
identify other biomarkers that can quickly and accurately
diagnose renal injury (and give a clue as to pathogenesis) at
an early stage of ARF. For example, high urinary levels of
cysteine-rich protein-61 (CYR61) have been shown in ani-
mal studies to distinguish between prerenal causes of ARF
and acute tubular necrosis (4). Similarly, urinary levels of
the Na-H� antiporter isotype 3 (NHE3), which is the most
abundant sodium transporter in the proximal tubule, and
kidney injury molecule-1 (KIM-1), which is upregulated in
the proximal tubule in response to ischemia, may eventu-
ally be used to distinguish between prerenal azotemia,
ATN, and intrinsic ARF other than ATN (5, 6). If additional
research supports these associations, such biomarkers may
allow for more rapid and directed intervention in cases of
potentially reversible renal failure.

Indications for Hospitalization and Intensive
Care Unit Admission

When a patient presents with an abrupt decline in renal
function associated with a marked decrease in urine out-
put, hospitalization should always be considered, because
rapid changes in electrolyte, acid-base, and volume status

may occur (Table 100.3). Additionally, a prompt diagno-
sis of the nature of renal injury may require aggressive di-
agnostic testing, including renal biopsy, which is easier to
perform in the hospital. If urine output is not compro-
mised and renal function changes are gradual (e.g., an in-
crease in serum creatinine of �0.5 mg/dL over 72–96
hours), and if there is no concern that the patient will be
lost to follow-up, an initial outpatient evaluation can be
initiated with follow-up in 1–2 days. Often, the decision
to hospitalize a patient for ARF is influenced by knowl-
edge of the event leading to renal function decline (e.g.,
exposure to contrast agents). If the nature and timing of a
renal insult are well known, it is easier to be more confi-
dent in a decision to follow a patient as an outpatient. If
the renal insult is unknown or if there is any doubt about
the patient’s ability to follow instructions, it is safer to
hospitalize. If ARF complicates other organ dysfunction, it
is always preferable to hospitalize the patient, because the
presence of ARF worsens the prognosis of the primary ill-
ness and makes it more difficult to manage the patient. In
the presence of preexisting renal dysfunction, an acute
and significant decline in renal function should prompt
hospitalization, because dialytic intervention may be nec-
essary. Patients with severe ARF (blood urea nitrogen level
�100 mg/dL or creatinine level �8 mg/dL with uremic
complications such as pericarditis), marked electrolyte
abnormalities (e.g., potassium �6.5 mEq/L), or marked
acidosis (pH �7.33) should be admitted to a monitored
floor or an ICU setting for closer observation.

Initial Management and Indications for
Consultation

The treatment of ARF has the following goals: maintain-
ing fluid and electrolyte, acid-base, and solute homeosta-
sis; preventing further insults to the kidney; promoting
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TABLE 100.3
INDICATIONS FOR HOSPITALIZATION FOR ACUTE RENAL FAILURE (ARF)

Nephrology consultation
Description of case Outpatient Hospital ICU indicated?

New-onset ARF
� � �

� � �

� �

� �

� �

� � �

Oliguric, severe electrolyte and metabolic disturbances, volume
overload
Nonoliguric, marked rapid changes in renal function, renal insult
not known
Nonoliguric, mild changes in renal function, nature and timing of
insult known

Preexisting ARF
Marked rapid decline in renal function
Gradual decline in renal function

ARF complicating other illness
Change in renal function with heart failure, pneumonia,
gastroenteritis
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healing and renal recovery; and permitting other support
measures such as nutrition to proceed without delay.
Therapeutic interventions should be designed to achieve
these goals and take the clinical course into consideration.
Classically, ARF is said to progress through three phases:
(1) an initiation phase, (2) a maintenance phase, and (3) a
recovery phase. A fourth phase, during which extension of
the initial injury occurs, has also been proposed. Al-
though these four phases are not always distinct, their
recognition facilitates the development of a treatment
plan because therapeutic strategies differ from one phase
to another. For example, in the initiation phase, the ma-
jor emphasis is on preventing and attenuating the severity
of the renal dysfunction, whereas once ARF is established
the emphasis is on maintaining homeostasis to allow re-
covery. The latter often requires renal replacement therapy
with dialysis. It is often helpful to consult a nephrologist
early in the course of the disease (Table 100.3) because
appropriate intervention in each phase may influence the
need for dialysis and the outcome. Patients with advanced
renal dysfunction should always have a nephrology con-
sultation, because dialytic intervention may be required
emergently.

Initiation Phase
The initial phase of ARF represents the period of actual in-
sult resulting in glomerular or tubular epithelial injury and
resultant decline in renal function. In most circumstances,
the effect of the injury is manifested over a few days, thus
permitting interventions that may reverse or attenuate the
effect of the insult. These interventions should be selected
based on the clinical status of the patient; the goal is to cor-
rect any reversible contributing factors such as volume de-
pletion and obstruction, to restore renal perfusion and
urine output, and to minimize further tubular injury. Sev-
eral agents, described below, are now available for this pur-
pose; however, they should be used judiciously, because
they all can cause deleterious side effects.

Volume Expanders Volume expanders should be con-
sidered early in the management of ARF, particularly if
there is evidence of intravascular volume contraction. The
use of volume expanders can be both diagnostic and ther-
apeutic in potential prerenal states. Saline infusions have
been shown to have a beneficial effect in experimental
ARF and to attenuate the nephrotoxic potential of amino-
glycosides and amphotericin. In the hypoalbuminemic
patient, it is preferable to use a colloid solution. Although
albumin has traditionally been used in this setting, recent
data suggest ICU patients resuscitated with albumin do no
better than those resuscitated with normal saline (7). As
such, if colloid administration is deemed necessary be-
cause of presumed inadequate intravascular oncotic pres-
sure, packed red blood cell transfusions may be preferable
to albumin administration, because the former are likely

to be retained in the intravascular compartment longer
and theoretically should improve oxygen-carrying capacity
as well.

The amount of volume and the rate of administration
must be individualized depending on the patient’s clinical
status. Hemodynamic monitoring can help determine the
rate of fluid replacement and reduce the potential for fluid
overload in severely ill patients (Chapter 25). In general, in
a volume-contracted patient with hemodynamic compro-
mise, rapid volume expansion with 0.9% saline should be
initiated at a rate of 250–500 mL/h for 1–3 hours, after
which the volume status and urinary output should be re-
assessed. If the initial volume replacement results in an im-
provement in urinary output, volume expansion should
continue, with the rate of infusion based on the clinical re-
sponse. If there is no improvement in urinary output, a di-
uretic challenge can be employed (see later in this chapter).
If this fails, the rate of fluid administered should be re-
duced to avoid volume overload.

Diuretics The use of diuretics in the initial phase of ARF
is based on observations from experimental and clinical
studies. In addition to improving urine flow, these agents
may reduce smooth-muscle swelling and tubular obstruc-
tion (8). They also have a vasodilatory action, which is
beneficial in maintaining renal perfusion. However, it is
also apparent from several studies that there is a limited
window of opportunity during which diuretics are effica-
cious. In animal models, the use of mannitol from a pe-
riod beginning an hour before to 10–15 minutes after an
acute ischemic insult prevents or attenuates ARF. Unfortu-
nately, in clinical practice it is rarely possible to anticipate
an insult.

An initial diuretic challenge should be undertaken only
once the patient is volume replete. An intravenous bolus
dose of a loop diuretic (40–80 mg of furosemide or 1–2
mg of bumetanide) is usually sufficient to elicit a re-
sponse. If the urine output does not increase, it is unlikely
that the patient will benefit from a continuous infusion of
the diuretic. If an initial response is obtained (increase in
urine output by 50–200 mL/h), the diuretic can be given
as frequent bolus injections (every 4–6 hours) or as a con-
tinuous infusion (20–80 mg/h furosemide or 0.5—2.0
mg/h bumetanide). The effect of a loop diuretic can be
enhanced by giving a thiazide diuretic (metolazone 5 mg
or hydrodiuril 50–100 mg) about 30 minutes beforehand.
However, sustained high-dose diuretic therapy to force
urine from a relatively diuretic-resistant ICU patient (i.e.,
a patient who requires �1 mg furosemide per 1 ml urine
output) is discouraged because diuretic use in this setting
has been associated with higher mortality (9). Although
this association may not be causal, the available evidence
indicates that patients resistant to diuretics are unlikely
to benefit from continued aggressive diuretic therapy,
and more definitive therapy (i.e., dialysis) should be
administered.
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Vasoactive Agents Renal blood flow changes are a com-
mon feature of all forms of ARF. As a consequence, there
has been a significant interest in use of renal vasodilators to
improve the course of the disease. The use of “renal-dose
dopamine” (0.5–3 mcg/kg/min) is based on the selective
and specific effect of dopamine on DA1 receptors, resulting
in renal vasodilatation without effects on the �- and �-re-
ceptors. Adding low-dose dopamine has been shown to in-
crease urine flow rates in diuretic-resistant oliguric ARF.
However, no large trials have demonstrated any benefit of
renal-dose dopamine in ARF; there is no change in the re-
quirement for dialysis or ultimate outcome (8, 10). Be-
cause of this absence of evidence, the use of renal-dose
dopamine to enhance urine output cannot be supported, al-
though it continues to be used widely in practice. Other va-
soactive agents, such as norepinephrine or phenylephrine,
are increasingly being used to improve hemodynamics and
maximize oxygen delivery and cardiac output in septic pa-
tients, and this has been associated with improved out-
comes (Chapter 26). It is likely, however, that improved
urine output and renal outcomes are the result of enhanced
cardiac performance rather than any specific effect on the
renal vasculature. As such, the choice of inotropic therapy
should be based on individual patient parameters and
guided by right-heart catheterization, if necessary; it should
not be instituted simply to influence renal perfusion
(Chapter 25).

Natriuretic Peptides Atrial natriuretic peptide (ANP)
increases glomerular filtration rate and renal blood flow
in several forms of experimental renal failure and has also
been shown to be effective in clinical studies. The increase
in glomerular filtration rate occurs despite a decrease in
systemic arterial pressure. It results from glomerular affer-
ent arteriolar dilatation and efferent arteriolar constric-
tion; the overall effect is to increase the intraglomerular
pressure gradient. In animal models, ANP has been
shown to be protective and also improves the recovery
from established ARF. Combining this peptide with
dopamine appears to attenuate the hypotensive effect.
The biological half-life of ANP is short because it is
cleared from the circulation by its receptor, filtered by the
glomeruli, and metabolized by tubule cells. Initial clinical
studies are promising but mixed. The recombinant form
of ANP has been evaluated in two multi-center trials for
treating ARF that results from acute tubular necrosis.
While the first showed a reduced need for dialysis and
improved 21-day mortality rate in oliguric patients (but
not in nonoliguric patients) (11), subsequent trials failed
to show any benefit of ANP (12). Currently, no other
natriuretic peptide is available in the United States for
treating ARF.

Calcium Channel Blockers Experimental evidence sug-
gests that cellular damage in ARF results in an increase in
cytosolic calcium, which can damage cellular integrity by

several pathways. It, thus, has been proposed that calcium
channel blockers may attenuate the injury. Although sev-
eral studies have shown that calcium channel blockers may
help preserve renal perfusion in the postischemic state if
administered before the insult, they have been variably
protective when given after the insult (8). Verapamil and
diltiazem have been used to perfuse renal allografts before
transplantation and have been shown to reduce the inci-
dence of delayed graft function (Chapter 102). Human
studies are limited, and there is insufficient evidence to
support their general use for ARF.

Other Potentially Promising Agents Growth factors
have shown some promising results in experimental mod-
els of ARF, particularly that caused by ischemia. However,
there are no clinically available therapies in this class be-
cause many of the growth factors that appeared promising
in experimental models have been less impressive in ani-
mal or human trials (e.g., insulin-like growth factor-1 [13],
epidermal growth factor, transforming growth factors, and
hepatocyte growth factor).

Oxygen-radical scavengers, such as glutathione, super-
oxide dismutase, and allopurinol, have been used to
block the effects of free oxygen radicals in causing cellular
injury, but the results are not consistent. Adenine nu-
cleotides have shown a protective effect in experimental
ARF and can be beneficial, even if administered several
hours after ischemia. Human trials have suggested an im-
proved survival rate from ARF (14), but hemodynamic ef-
fects (particularly hypotension) limit their use. Modula-
tion of endothelin and endothelium-derived relaxing
factor seemed promising, but trials in contrast nephropa-
thy revealed a detrimental effect (15). Finally, in a mouse
model of sepsis and acute renal failure, a single intra-
venous dose of ethyl pyruvate inhibited functional and
histologic renal damage and other organ damage, even
when given hours after the insult (16). Although none of
these agents are currently available for general use, it is
likely that some will be in the future.

Issues During the Course of Hospitalization

Prevention of Contrast-Induced Nephropathy

In addition to the obvious measures such as avoidance of
known nephrotoxins and potential prerenal states, a spe-
cial consideration should be given to prevention, or at
least mitigation, of contrast-induced nephropathy. Given
the ubiquity of imaging-based diagnosis, administration
of radio-contrast media often cannot be avoided even in a
patient at high risk for contrast nephropathy (i.e., diabet-
ics, patients with acute or chronic kidney disease, etc.).
Luckily, a variety of preventive therapies may lessen the
chance for contrast-induced renal failure. These therapies
include periprocedural ingestion of N-acetylcysteine and
infusion of normal saline or sodium bicarbonate. One
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prominent study demonstrated a marked protective effect
from N-acetylcysteine administered to patients with CRI
undergoing contrast studies (17), presumably by scaveng-
ing free radicals. Although subsequent studies failed to
confirm this benefit, use of this agent remains widespread
because it has few side effects and is inexpensive. More
recently, the infusion of sodium bicarbonate (given
3 ml/kg/hr for 1 hour prior to the procedure, 1 ml/kg/hr
during, and for 6 hours after) was also found to signifi-
cantly improve outcomes when compared with normal
saline treatment in patients with mild renal insufficiency
(creatinine 1.7–1.8) (18). Another study demonstrated
benefit from periprocedural prophylactic continuous ven-
ovenous hemofiltration in high-risk patients; it is unclear
whether the benefit was from tighter volume control or a
reduction in contrast toxicity. We recommend the use of
sodium bicarbonate as first-line prophylactic therapy,
reserving dialytic support for patients with very low
hemodynamic reserve. In addition, a nonionic, iso-
osmolar contrast agent such as iodixanol should be used
because it may be less nephrotoxic than ionic or higher
osmolarity agents (19).

Extension Phase

Though not part of the classical description of the natural
history of ARF, Molitoris and colleagues have proposed an
extension phase (20), during which renal endothelial dys-
function and ischemia lead to vascular congestion, inflam-
mation, and coagulopathy in the microvasculature of the
corticomedullary junction, even after the initial tubular or
glomerular insult has subsided. This poorly characterized
and short-lived (likely �24 hours) phase may represent a
future therapeutic window during which inhibitors of the
inflammatory cascade might be administered and exten-
sion of ARF mitigated.

Maintenance Phase

Once ARF is established, fluid, electrolyte, and solute bal-
ance need to be maintained and new insults prevented. At-
tention to detail is crucial in this phase and is best assured
with the help of a nephrologist.

Fluid and Electrolyte Balance
The development of ARF limits the kidney’s ability to
maintain fluid balance and electrolyte composition. Olig-
uric ARF is more limiting in this respect than nonoliguric
states. The daily fluid requirement for patients with ARF
should be equal to urine output, nonurinary losses
(through the gastrointestinal tract, drains, etc.), and in-
sensible water losses. This balance is often difficult to
achieve because of obligate intakes necessary for drugs,
transfusions, and nutrition. In this situation, clinicians
sometimes restrict nutrition to reduce the volume deliv-

ered. It is better, however, to consider earlier intervention
with dialysis to allow for both fluid removal and nutri-
tional support. With the newer methods of continuous
dialysis described in Chapter 101, it is possible to keep
patients in fluid balance without compromising support-
ive measures. Fluid management is crucial in these pa-
tients, because volume overload has been associated with
increased morbidity and mortality rates.

Acid-Base Abnormalities
Metabolic acidosis is common in ARF and is caused by the
kidney’s inability to excrete hydrogen ions. The retained
acid is largely buffered by bicarbonate; some is excreted by
the lungs as carbon dioxide. Both anion-gap and non-
anion-gap acidosis can occur in ARF patients. The former is
more likely in the hypotensive septic patient; the latter of-
ten can be seen if there are large losses of bicarbonate-rich
intestinal secretions. Bicarbonate therapy for acidosis
should be used with caution to avoid rebound metabolic
alkalosis (Chapter 105). Dialysis may be required if the aci-
dosis is profound and persistent. Metabolic alkalosis is also
a common finding in ARF, especially if there are large na-
sogastric losses. Citrate load from blood-product transfu-
sions also can contribute to alkalosis.

Medications
All renally excreted medications need to be dosage-
adjusted in patients with ARF or those on dialysis. It is also
important to limit the use of nephrotoxic antibiotics. Opi-
ate doses should be modified; meperidine (Demerol)
should be avoided because its metabolites are retained in
renal failure, are not easily dialyzed, and may cause
seizures. Injectable nonsteroidal anti-inflammatory drugs
(e.g., ketorolac) block renal prostaglandin synthesis, which
is required to maintain blood flow, and thus should also be
avoided.

Dialysis
Dialytic intervention in ARF usually is considered if there is
clinical evidence of uremic symptoms or biochemical fea-
tures of solute and fluid imbalance (Table 100.4). Unfortu-
nately, there is no consensus on the optimal timing of dia-
lytic intervention. The strategy in treating ARF is to
minimize and avoid uremic complications; thus, it is not
necessary to wait for progressive uremia to initiate dialytic
support. On the contrary, there is some evidence that
“early” or “prophylactic” dialysis may improve outcome in
this setting (21), although comprehensive data on this
strategy is lacking. In critically ill patients, the need for dial-
ysis may be dictated by volume overload rather than
azotemia. In the ICU setting, dialysis should be viewed as
an overall support modality whose use is not limited to re-
placement of renal function.

The choice of dialysis method influences the frequency
of dialytic intervention. Several methods of dialysis are cur-
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rently available for renal replacement therapy and are dis-
cussed in detail in Chapter 101. Intermittent hemodialysis
(IHD) has been used widely for the past four decades for
patients with end-stage renal disease and ARF. It remains
the standard form of therapy for treatment of ARF in both
the ICU and non-ICU settings. Continuous dialysis modal-
ities are increasingly in use, as well, especially in critically
ill or otherwise hemodynamically unstable patients. Peri-
toneal dialysis (PD) has limited application for ARF in the
ICU but can be used in some settings when ARF is isolated
and the patient weighs less than 100 kg. Its advantages in-
clude possible cost savings and that it does not require spe-
cialized ICU staff to operate. However, its disadvantages
include detrimental effects on respiratory status resulting
from diaphragmatic splinting, technical limitations in pa-
tients with abdominal sepsis or abdominal surgery, relative
inefficiency in removing waste products in catabolic pa-
tients, and association with a high incidence of peritonitis.
It is inferior to continuous venovenous hemofiltration in
ICU patients with ARF (22). The availability of highly per-
meable membranes has allowed development of continuous
renal replacement techniques (CRRT) that gradually remove
fluids and solutes from the vasculature, resulting in better
hemodynamic stability and fluid and solute control. In ad-
dition, these modalities may ultimately provide the (as yet
unrealized) potential to offer not only renal support but
also therapy with sorbents and high-flux membranes that
remove harmful inflammatory mediators in a way not pre-
viously possible. These methods are limited to the ICU set-
ting, because they require close monitoring and frequent
adjustment of fluid balance.

The choice of intermittent hemodialysis versus continu-
ous renal replacement techniques currently is based largely
on the local availability of these techniques and the famil-
iarity of the nephrologist and other personnel (particularly
ICU staff) with the procedures. Despite the intuitive notion
that CRRT should produce better outcomes than IHD, clin-
ical trials have not demonstrated a consistent benefit (23).

Determining the frequency of dialysis is a major issue in
patients undergoing intermittent therapy. It usually is de-
termined by the patient’s clinical and biochemical status
(particularly the blood urea nitrogen level and electrolyte
and acid-base status). Whether there is benefit from dialyz-

ing patients beyond a given metabolic parameter using
IHD is still a matter of contention, and studies on this ques-
tion have yielded mixed results (24, 25). On the other
hand, because CRRT by nature runs continuously, fre-
quency of administered therapy is not an issue. As with
intermittent dialysis, it remains controversial whether ag-
gressive, high-dose CRRT improves the outcome of ARF.
Recent data suggest a possible benefit to higher dose CRRT,
especially in septic patients (26), but this practice is not
universally followed.

The duration of dialysis for ARF is determined largely by
the underlying renal disease and also by any additional in-
sults to the kidney during the course of ARF. In most cir-
cumstances, dialysis is discontinued when renal function
recovers. Traditional teaching suggests that most patients
with reversible ARF improve within 4–6 weeks and that the
need for dialysis beyond this period likely represents
chronicity. Although this is true in most instances, two im-
portant factors need to be considered. First, some patients
with ARF in the ICU setting may require prolonged dialysis
support (�8 weeks) before recovering renal function, and
recovery may be incomplete. Second, the duration of dialy-
sis support may need to be limited (and sometimes prede-
fined) in some patients with ARF if other organ-system fail-
ure accompanies ARF (Chapter 25). In this situation, the
ultimate prognosis depends on the recovery of other organ
systems, and dialytic support may serve only to prolong the
dying process (Chapters 17 and 19).

Nutritional Considerations
Aggressive nutritional support is a key component in the
management of the patient with ARF. Malnutrition is an
independent risk factor for death. In general, nutritional
support should take precedence over dialytic intervention,
and nutrition should not be withheld to prevent dialysis
(i.e., for fear of fluid overload). Rather, early dialysis
should be instituted to allow adequate nutrition. Continu-
ous renal replacement techniques offer an advantage over
intermittent hemodialysis in this respect. The nutritional
prescription should be based on the patient’s energy needs.
Protein goals should be established to achieve positive ni-
trogen balance, and carbohydrate and fat amounts pre-
scribed should allow for an appropriate mix of substrates.
The contribution of renal replacement therapy to protein
and amino-acid losses and glucose absorption should be
accounted for in the calculations. It is preferable to use the
enteral route whenever possible (Chapter 15). If the par-
enteral route is used, however, specific renal formulas such
as Nephramine or Travesol may be utilized.

Recovery Phase

The recovery phase is characterized by a gradual return of
renal function to a level allowing discontinuation of dialy-
sis. This phase often is prolonged, and renal function may
not return to baseline levels. During this phase, the main
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TABLE 100.4
COMMONLY USED INDICATIONS FOR DIALYSIS

Blood urea nitrogen �100 mg/dL
Hyperkalemia
Marked acidosis
Diuretic-unresponsive fluid overload
Uremic encephalopathy
Uremic pericarditis
Uremic bleeding (e.g., gastrointestinal hemorrhage)
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strategy is to maintain adequate fluid and electrolyte bal-
ance and prevent further insults to the kidneys. The deci-
sion to discontinue dialysis is often difficult and may
require gradual weaning with a progressive increase of time
between dialysis treatments. Unfortunately, there currently
are no specific agents that can speed the recovery phase.

ACUTE RENAL FAILURE DEVELOPING IN
THE HOSPITAL

ARF that develops in the hospital carries a worse prognosis
than ARF present at the time of admission. In a large study
of more than 740 patients from 13 tertiary-care hospitals in
Madrid, Spain, 45% of the cases of hospital-acquired ARF
were caused by acute tubular necrosis, 21% by prerenal
causes, 10% by postrenal causes, 3% by renal vascular dis-
orders, 3% by glomerulonephritis, and 2% by acute inter-
stitial nephritis (27). In a French multi-center study of
severe ARF in the ICU (serum creatinine level �3.5 mg/dL),
ischemic acute tubular necrosis was the most common rea-
son identified for ARF, although the cause was often un-
known or multifactorial (28). Patients who developed ARF
during the course of their ICU stays had worse prognoses
than those who had ARF at the time of ICU admission.

Recognition

The basic approach for diagnosing ARF in hospitalized pa-
tients is similar to that described earlier for ARF at the time
of admission. In addition, it helps to remember a few set-
tings in which ARF is particularly common, including the
postoperative state and after solid organ and bone-marrow
transplantation. In addition, patients with advanced car-
diovascular disease, multiple organ failure, sepsis, malig-
nancy, and HIV infection are predisposed to ARF in the
hospital. Factors contributing to renal failure are volume
depletion, hemodynamic instability, hypotension, and
nephrotoxic agents. It should also be recognized that by the
time sizable changes in the serum creatinine level occur in
the high-risk patient, significant renal damage may have al-
ready occurred and the patient’s prognosis dramatically af-
fected. Indeed, a recent study suggests that even small,
seemingly insignificant changes in creatinine are associated
with adverse outcomes in postoperative cardiothoracic
surgery patients (29). As such, careful attention to even
small changes in renal function (e.g., increases or decreases
of creatinine of �0.3 mg/dL) and to the context in which
those changes occur is of paramount importance and may
lead to improved outcomes if specific supportive therapy
can be instituted before the situation deteriorates further.
Unfortunately, it is often difficult to pinpoint a single fac-
tor, and in many instances there is no evidence of any spe-
cific precipitant. In those cases, it is important to utilize a
systematic approach to diagnosing ARF.

Management

The initial management of ARF developing in the hospital
is similar to that for ARF at the time of hospital admission
with the following exception: The course preceding the de-
cline in renal function can be assessed more easily and can
be extremely helpful in determining the intervention re-
quired. A gradual decline in renal function without obvious
evidence of fluid overload should prompt an initial limited
volume and diuretic challenge, whereas a rapid elevation in
serum creatinine, oliguric state, and fluid overload may re-
quire dialytic intervention. It is essential to utilize the in-
formation obtained from the patient’s observed course to
guide therapeutic interventions. Early consultation with a
nephrologist may be beneficial, particularly if the exact
cause is unclear and ARF complicates pre-existing renal dys-
function.

Outcome

It is well recognized that uncomplicated ARF usually can be
managed outside the ICU setting and carries an excellent
overall prognosis, with mortality rates usually less than
10%. In contrast, ARF complicating other organ failure in
the ICU setting carries mortality rates of more than 50%
(Table 100.1) (12, 30). Despite significant advances in the
management of ARF during the past four decades, these
mortality figures have not changed appreciably; the avail-
ability of dialysis has not led to an unequivocal improve-
ment in survival. Although death is an important outcome
from ARF, it should not be the only outcome considered,
because it often is influenced by multiple factors. For ex-
ample, renal function recovery is an independent outcome
of interest but one that is conditioned by the final outcome
of patient death. Survival with full renal recovery is the
ideal outcome, but for some patients survival may come at
the expense of chronic dialysis. The impact of ARF on the
length of stay in the ICU and the resultant costs of care are
of obvious additional interest.

There are multiple factors that influence outcomes from
ARF. It is possible to broadly classify these as (a) patient
characteristics contributing to the nature and severity of the
underlying disease associated with ARF, (b) the effects of
dialysis itself, and (c) other factors including practice vari-
ability and the impact of post-ARF interventions.

Patient Characteristics

The development of ARF is associated with an increase in
mortality rate, and patients with ARF as part of multiorgan
system failure have a higher mortality rate than those with
limited ARF (12, 23). One study in four ICUs found that
patients who received nephrology consultation within 48
hours had a lower mortality rate than those who had con-
sultation after 48 hours, an effect that was independent of
severity of illness (31). These data suggest that ARF com-
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pounds the effects of multiorgan failure and, if unrecog-
nized, can affect outcome adversely.

There appears to be a relationship between the cause
and type of ARF and outcome. Patients with ARF secondary
to multisystem disorders (e.g., lupus nephritis) have the
lowest mortality rate; the highest rate is seen in ischemic
acute tubular necrosis. Nephrotoxic acute tubular necrosis
has an intermediate mortality rate. Although nonoliguric
ARF carries a better prognosis than oliguric ARF, recent data
suggest that nonoliguric ARF may have a worse prognosis
in ICU patients. A possible explanation is that nonoliguric
states lead clinicians to overestimate renal function, lead-
ing to a delay in initiation of dialysis. In general, patients
do better if the cause of renal dysfunction is quickly identi-
fied and specific treatment is instituted.

Dialysis Process Factors

The timing of renal replacement therapy, the amount and
frequency of dialysis, and the duration of therapy all im-
pact the eventual outcome. Because physician preferences
and experience are variable and universal guidelines for
dialysis are not followed, comparing outcomes between
centers or patients is difficult. Further discussion of these is-
sues is in Chapter 101.

Practice Variation and Post-Acute Renal Failure
Interventions

The provision of ancillary support for ARF patients may
also affect outcomes. Several studies in ICU patients sug-
gest that malnutrition worsens outcome, and calorie depri-
vation has been associated with poor outcomes in dialyzed
ARF patients. The importance of other interventions after
ARF is established also should be considered. For instance,
angiographic or surgical procedures and the use of nephro-
toxic agents and antibiotics all may prolong the duration of
ARF and increase the mortality rate.

DISCHARGE ISSUES

As described previously, the main goal in managing ARF is
to provide supportive therapy to enable the patient to regain
renal function. The nature and severity of renal injury and
the interventions required to maintain homeostasis are key
determinants of outcomes. Discharge planning should in-
corporate a strategy to monitor renal function at frequent
intervals. Patients with new-onset ARF who do not undergo
dialysis in the hospital and who regain renal function
should have outpatient follow-up to ensure that the recov-
ery is maintained, and they should be advised to avoid
nephrotoxic agents and renal insults. If renal function re-
covery is incomplete, follow-up with a nephrologist may be
indicated for periodic monitoring of renal function. Any
medications prescribed should be adjusted for the level of

renal function, and patients should be cautioned not to take
over-the-counter medications (particularly nonsteroidal
anti-inflammatory agents) without checking with their
physicians. Patients with pre-existing renal dysfunction
who suffer an episode of ARF should have follow-up with a
nephrologist because the recent insult may worsen the pro-
gression of renal failure and hasten the need for subsequent
dialytic intervention. Specific strategies to reduce progres-
sion of renal disease may need to be instituted depending
on the clinical circumstance (e.g., use of ACE inhibitors in
diabetic nephropathy). For patients who require dialysis in
the hospital, the continued need for dialytic support is an
important consideration (32). If dialysis continues to be
required at the time of hospital discharge, an outpatient
dialysis regimen must be established. The consulting
nephrologist who provides the dialytic support in the hos-
pital can usually secure this follow-up. A major factor in this
case is whether the patient is likely to recover enough func-
tion to discontinue dialysis or is likely to remain dialysis-
dependent. In the latter circumstance, the diagnosis of 
end-stage renal disease permits the institution of long-term
dialysis and establishes a payer (in the United States, Medi-
care) for the dialysis treatments. Often patients have to tran-
sition to a rehabilitation facility before returning home and
may require dialysis at that or another facility.

COST CONSIDERATIONS AND
RESOURCE UTILIZATION

The development of ARF adds to the overall cost of a pa-
tient’s hospitalization, particularly if dialytic intervention
is required (8, 12, 26). Early recognition, along with ap-
propriate and timely intervention, can minimize the effect
of ARF on other organ function. Timely consultation with
a nephrologist may help in streamlining the management
of the patient and facilitate early dialytic intervention. If
dialysis is required, the choice of modality, frequency of in-
tervention, and duration all affect the cost (Chapter 101).
More importantly, the long-term costs from an episode of
ARF are influenced by the recovery of renal function and
need for chronic dialysis. All attempts should be made to
prevent this complication in high-risk patients and situa-
tions. Resources can be monitored by evaluating the fre-
quency with which patients require dialysis and the
frequency of renal functional recovery.

KEY POINTS

■ ARF is an important complication that has a variable fre-
quency but is predictable in certain circumstances.

■ Recognition of the risk for ARF should result in the initi-
ation of strategies to prevent ARF and attenuate the insult.

■ In the high-risk (i.e., postoperative) patient, even subtle
changes in serum creatinine level can indicate a poten-
tially worse outcome.
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■ Early recognition of renal dysfunction, understanding of
the clinical context, and management are keys to ensur-
ing a good outcome. Understanding the natural history
of this disorder should permit appropriate and timely
decisions for therapeutic intervention. Although ARF has
been divided traditionally into prerenal, renal, and
postrenal causes, an equally useful nosology is to divide
cases into reversible, self-limited, and irreversible causes.

■ Several therapeutic options are now available for the
nondialytic and dialytic management of ARF. The former
include the use of volume, diuretics, and vasoactive
agents (although “renal-dose dopamine” has not been
shown to be beneficial). The latter include intermittent
or continuous hemodialysis, as well as peritoneal dialy-
sis for a limited number of indications.

REFERENCES

1. Myers BD, Moran SM. Hemodynamically mediated acute renal
failure. N Engl J Med 1986;314:94–105.

2. Carvounis CP, Nisar S, Guro-Razuman S. Significance of the frac-
tional excretion of urea in the differential diagnosis of acute renal
failure. Kidney Int 2002;62:2223–2229.

3. Prakash J, Tripathi K, Usha, Kumar P. Clinical significance of kid-
ney biopsy in acute renal failure. Indian J Med Science 1992;46:
328–331.

4. Muramatsu Y, Tsujie M, Star RA, et al. Early detection of cysteine
rich protein 61 (CYR61, CCN1) in urine following renal ischemic
reperfusion injury. Kidney Int 2002;62:1601–1610.

5. Han, WK, Bailly V, Bonventre JV, et al. Kidney Injury Molecule-1
(KIM-1): a novel biomarker for human renal proximal tubule in-
jury. Kidney Int 2002;62:237–244.

6. Du Cheyron, D, Daubin, C, Poggioli J, et al. Urinary measurement
of Na�/H� exchanger isoform 3 (NHE3) protein as new marker
of tubule injury in critically ill patients with ARF. Am J Kidney Dis
2003;42:497–506.

7. Finfer S, Bellomo R, Boyce N, et al. A comparison of albumin and
saline for fluid resuscitation in the intensive care unit. N Engl J
Med 2004;350:2247–2256.

8. Alkhunaizi AM, Schrier RW. Management of acute renal failure:
new perspectives. Am J Kidney Dis 1996;28:315–328.

9. Mehta RL, Pascual MT, Soroko S, et al. Diuretics, mortality, and
nonrecovery of renal function in acute renal failure. JAMA
2002;288:2547–2553.

10. Bellomo R, Chapman M, Finfer S, et al. Low-dose dopamine in pa-
tients with early renal dysfunction: a placebo-controlled ran-
domised trial. Australian and New Zealand Intensive Care Society
(ANZICS) Clinical Trials Group. Lancet 2000;356:2139–2143.

11. Allgren RL, Marbury TC, Rahman SN, et al. Anaritide in acute
tubular necrosis: auriculin anaritide acute renal failure study
group. N Engl J Med 1997;336:828–834.

12. Star RA. Treatment of acute renal failure. Kidney Int 1998;54:
1817–1831.

13. Hirschberg R, Kopple J, Lipsett P, et al. Multicenter clinical trial of
recombinant human insulin-like growth factor I in patients with
acute renal failure. Kidney Int 1999;55:2423–2432.

14. Fischereder M, Trick W, Nath K. Therapeutic strategies in the pre-
vention of acute renal failure. Semin Nephrol 1994;14:41–52.

15. Wang A, Holsclaw T, Bashore TM, et al. Exacerbation of radiocon-
trast nephrotoxicity by endothelin receptor antagonism. Kidney
Int 2000;57:1675–1680.

16. Miyaji T, Hu X, Yuen PST, et al. Ethyl pyruvate decreases sepsis-
induced acute renal failure and multiple organ damage in aged
mice. Kidney Int 2003;64:1620–1631.

17. Tepel M, van der Giet M, Schwarzfeld C, et al. Prevention of ra-
diographic-contrast-agent-induced reductions in renal function
by acetylcysteine. N Engl J Med 2000;343:180–184.

18. Merten GJ, Burgess WP, Gray LV, et al. Prevention of contrast-in-
duced nephropathy with bicarbonate. JAMA 2004;291:2328–
2334.

19. Aspelin P, Aubrey P, Fransson SG, et al. Nephrotoxic effects in
high-risk patients undergoing angiography. N Engl J Med 2003;
348:491–499.

20. Sutton TA, Fisher CJ, Molitoris BA. Microvascular endothelial in-
jury and dysfunction during ischemic acute renal failure. Kidney
Int 2002:62:1539–1549.

21. Mehta RL. Therapeutic alternatives to renal replacement therapy
for critically ill patients in acute renal failure. Semin Nephrol
1994;14:64–82.

22. Phu NH, Hien TT, Day N, et al. Hemofiltration and peritoneal
dialysis in infection-associated acute renal failure in Vietnam. New
Engl J Med 2002;347:895–902.

23. Kellum JA, Angus DC, Linde-Zwirble WT, et al. Continuous versus
intermittent renal replacement therapy: a meta-analysis. Intensive
Care Med 2002;28:29–37.

24. Schiffl H, Lang SM, Fischer R. Daily hemodialysis and the out-
come of acute renal failure. N Engl J Med 2002;346:305–310.

25. Marshall MR, Ma T, Galler D, et al. Sustained low-efficiency daily
diafiltration (SLEDD-f) for critically ill patients requiring renal re-
placement therapy: towards an adequate therapy. Nephrol Dial
Transplant 2004;19:877–884.

26. Ronco C, Bellomo R, Homel P, et al. Effects of different doses in
continuous venovenous hemofiltration on outcomes of acute re-
nal failure: a prospective randomized trial. Lancet 2000;355:
26–30.

27. Liaño F, Pascual J. Outcomes in acute renal failure. Semin Nephrol
1998;18:541–550.

28. Brivet FG, Kleinknecht DJ, Loirat P, et al. The French study group
on acute renal failure: acute renal failure in intensive care units.
Causes, outcome, and prognostic factors of hospital mortality. A
prospective, multicenter study. Crit Care Med 1996;24:192–198.

29. Lassnigg A, Schmidlin D, Mouhieddine M, et al. Minimal changes
of serum creatinine predict prognosis in patients after cardiotho-
racic surgery: a prospective cohort study. J Am Soc Nephrol
2004;15:1597–1605.

30. Nolan CR, Anderson RJ. Hospital acquired acute renal failure. J
Am Soc Nephrol 1998;9:710–718.

31. Mehta RL, Farkas A, Pascual M, et al. Effect of delayed consultation
on outcome from acute renal failure in the ICU. J Am Soc Nephrol
1995;6:471.

32. Firth JD. Acute irreversible renal failure. Q J Med 1996;89:
397–399.

ADDITIONAL READING

Esson ML, Schrier RW. Diagnosis and treatment of acute tubular
necrosis. Ann Intern Med 2002;137:744–752.

Leblanc M. Acid-base balance in acute renal failure and renal replace-
ment therapy. Best Pract Res Clin Anaesthesiol 2004;18:113–127.

Luyckx VA, Bonventre JV. Dose of dialysis in acute renal failure. Semin
Dial 2004;17:30–36.

Mehta RL. Outcomes research in acute renal failure. Semin Nephrol
2003;23:283–294.

Mehta RL, Chertow GM. Acute renal failure definitions and classifica-
tion: time for change? J Am Soc Nephrol 2003;14:2178–2187.

Schrier RW, Wang W. Acute renal failure and sepsis. N Engl J Med
2004;351:159–169.

Schrier RW, Wang W, Poole B, et al. Acute renal failure: definitions,
diagnosis, pathogenesis, and therapy. J Clin Invest 2004;114:5–14.

Yegenaga I, Hoste E, Van Biesen W, et al. Clinical characteristics of
patients developing ARF due to sepsis/systemic inflammatory re-
sponse syndrome: results of a prospective study. Am J Kidney Dis
2004;43:817–824.

1016 Section XI: Renal Disease

26410 ch 100  3/12/05  2:48 PM  Page 1016



Management of the

Hospitalized Patient

on Dialysis
Glenn M. Chertow

INTRODUCTION

In 2004, there were more than 325,000 patients being
treated with hemodialysis and peritoneal dialysis in the
United States (1). Given the myriad complications associ-
ated with end-stage renal disease (ESRD), it is not surpris-
ing that patients with ESRD are far more likely than the
general population to be hospitalized, and that the length
of hospital stay, compared with the general population, is
significantly longer. ESRD can result in widespread organ
dysfunction, either as a result of the disease processes that
lead to chronic kidney disease, or because of uremia or the
physiologic disturbances associated with renal replacement
therapy itself. This chapter outlines the unique disease en-
tities that must be considered in caring for the hospitalized
patient on dialysis and management strategies to address
these conditions.

DIALYSIS PRIMER

Renal replacement therapy is a term used frequently to de-
scribe the global approach to patients with ESRD. The
kidneys perform four major functions: regulation of elec-
trolyte and acid-base balance, disposition of metabolic
byproducts and drugs, maintenance of volume status, and
organ-specific endocrine and metabolic effects. Kidney
transplantation can replace all four functions and is appro-
priately called renal replacement therapy (Chapter 102).

Dialysis can assist with the first three functions, and the
fourth can be regulated with the help of exogenous hor-
mone replacement, which is also discussed.

Hemodialysis

In the United States, hemodialysis is the dialytic modality
prescribed for most patients. More than 80% of dialysis pa-
tients undergo hemodialysis, usually three times weekly in a
hospital-affiliated or independent outpatient dialysis center
(1). The key to successful provision of hemodialysis is the vas-
cular access, because high blood flow rates (�300 mL/min)
are required to perform solute clearance most efficiently. The
most reliable vascular access is the native arteriovenous
(Brescia-Cimino) fistula, usually an end-to-side anastomosis
of the cephalic vein to radial artery at the wrist. Variations on
the Brescia-Cimino fistula also are seen in the upper arm and,
rarely, in the leg. The most common permanent vascular ac-
cess for hemodialysis is the arteriovenous graft, usually con-
structed as a loop graft of polytetrafluroethylene in the fore-
arm. For patients whose permanent vascular access has not
matured (in the case of a fistula) or healed, a variety of per-
cutaneous and tunneled central venous catheters are avail-
able, which can provide temporary access to the circulation
for the dialysis procedure.

The duration of dialysis (typically 3–4 hours per session)
depends on the needs of the patient and is typically driven
by quantitative assessment of the adequacy of clearance, us-
ing urea as the marker solute. For a given dialyzer type,
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blood flow rate, dialysate flow rate, and vascular access, a
longer treatment results in more efficient solute clearance.
Longer dialysis times may also be required to facilitate ul-
trafiltration to “dry weight,” because rapid ultrafiltration
rates may exceed the body’s vascular refill capacity.

In the outpatient setting, the net health-related benefits
of prolonged dialysis times must be balanced against the
potential effects on quality of life and convenience. In the
inpatient setting, the constraints on the provision of dialy-
sis are quite different, because dialysis competes with diag-
nostic tests and surgical procedures for precious time dur-
ing daytime hours. It has been observed that patients with
ESRD tend to receive a lower dose of dialysis when hospi-
talized, at precisely the time that more thorough treatments
may be required because of stress (including cardiovascular
dysfunction, inflammation, and sepsis, often accompanied
by hypotension) and catabolism (promoting azotemia). It
is important to ensure that sufficient dialysis time be pro-
vided to hospitalized patients by coordinating schedules at
least 1 day in advance of the need for dialysis.

Peritoneal Dialysis

Peritoneal dialysis typically is provided in one of two ways:
either with manual exchanges several times during the day
(continuous ambulatory peritoneal dialysis) or with automated
exchanges delivered by a device (a “cycler”) usually for
10–12 hours at night (continuous cyclic peritoneal dialysis).
Most patients have a flexible silastic catheter placed within
the peritoneal cavity. The concentration of dextrose in the
dialysate is the principal variable in therapy, with 1.5%,
2.5%, and 4.25% dextrose concentrations being the most
common. It is the concentration of dextrose that drives ul-
trafiltration of plasma water, again by diffusion across the
semipermeable membrane. Higher dextrose concentra-
tions are associated with higher rates of ultrafiltration. Pa-
tients on peritoneal dialysis usually can continue their
regular home dialysis schedule if hospitalized.

Table 101.1 lists the major complications of the dialysis
procedure. In addition to hemodialysis and peritoneal
dialysis, newer methods of dialysis have been developed
principally to assist in the management of critically ill, hos-
pitalized patients: the continuous renal replacement therapies.
An outline of the methods and potential indications for
these therapies is given in Table 101.2.

MANAGEMENT OF THE HOSPITALIZED
DIALYSIS PATIENT

General Issues

Subsequent sections describe specific conditions that fre-
quently result in hospitalizations for patients on dialysis.
This section discusses several general inpatient manage-
ment issues that require modification for dialysis patients.

Admission Orders

If a patient with ESRD is admitted to the hospital, several
things should be done immediately. First, the dialysis unit
and the nephrologist who care for the patient should be in-
formed of the admission; the dialysis unit often maintains
its own set of comprehensive medical records, and certain
information relevant to the acute problem requiring hospi-
talization, including recent laboratory values, may be
unavailable to the hospital staff. If the hospital has an in-
patient dialysis program, that unit should be informed, as
well, to assist in the organization of the dialysis schedule.

Blood pressure should be taken in the arm contralateral
to the vascular access if an arteriovenous fistula or graft is
present. Otherwise, repeated compression of the vascular
access by the sphygmomanometer cuff can result in access
thrombosis. Elderly patients with ESRD and patients with
ESRD and diabetes tend to be unsteady in the few hours
following dialysis treatment because of autonomic dys-
function and delayed vascular refill. Although bedrest may
not be necessary, physical activity in the 2–4 hours follow-
ing dialysis generally should be supervised. Routine place-
ment of an intravenous catheter should be discouraged, un-
less clearly clinically indicated. Many medications and
blood products can be administered during or just after the
dialysis procedure with greater safety because of concurrent
ultrafiltration. Furthermore, the puncture and subsequent
scarring that often occurs if veins of the upper extremities
are cannulated can result in the loss of potential venous
sites for future permanent vascular access. Venous sclerosis
is a particularly troublesome complication of therapy with
nafcillin or oxacillin, drugs frequently prescribed to pa-
tients on dialysis with infectious complications. If an intra-
venous line is required, it should be placed distal to the ar-
teriovenous fistula or graft, or in a vein of the contralateral
arm, preferably in the hand.

Several medications routinely administered in hospital-
ized patients should be used with caution in ESRD patients.
Antacids containing magnesium are relatively safe in small
quantities but can lead to hypermagnesemia in patients
treated with large doses over several days. Sedative drugs
tend to be poorly tolerated in ESRD patients. The risks of
delirium and other central nervous system effects increase
in ESRD patients treated with anticholinergic drugs, such as
diphenhydramine. Short-acting benzodiazepines can lead
to a paradoxic agitated state.

The diet order requires careful thought in most patients
with ESRD and should be individualized. The “renal diet”
in most hospitals is typically low in protein (�60 g/d) and
potassium (�2 g/d), and usually low in sodium (�2 g/d)
and phosphorus (�1 g/d). The restrictions on sodium and
potassium sometimes, but not always, are required, de-
pending on the type of kidney disease and the effectiveness
of medications, including diuretic agents and dialysis.
There is little rationale for the restriction of dietary protein.
Although over the long term there is some evidence that
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protein restriction can attenuate the progression of certain
types of renal disease (2), the net benefits are small and
must be balanced against the potential for contributing to
the development of protein malnutrition (3). Because 
protein-rich foods tend to be high in phosphorus content,
the restriction of dietary phosphorus is counterproductive.
The administration of phosphate binders is a better strategy
for phosphorus control. Because malnutrition is an impor-
tant contributing factor to hospitalization in patients un-
dergoing dialysis, these individuals should be not be sub-
jected to dietary restrictions while in the hospital (4). The
exception is patients with vascular access failure or another
reason for inefficient dialysis, because they tend to be hy-
perkalemic and cannot afford a diet high in potassium.

Laboratory tests that require venipuncture, including
blood cultures, can be performed easily at the start of the
hemodialysis session, and nonessential tests should be de-

ferred on nondialysis days. The serum potassium concen-
tration should not be checked for at least 4 hours following
the dialysis procedure to allow for rebound of potassium
from intracellular stores. This avoids the unnecessary and
potentially unsafe practice of potassium supplementation
when an early postdialysis potassium concentration re-
turns in the range less than 4 mEq/L.

Examination and Laboratory Findings in
Patients with End-Stage Renal Disease

Certain aspects of the general physical examination and
laboratory profile are characteristic of this population. On
initial observation, many dialysis patients appear thin,
with overt muscle wasting. Depending on the nutritional
assessment method used, 50%–90% of patients on dialysis
have some evidence of malnutrition. If there is muscle
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TABLE 101.1
SELECTED MAJOR COMPLICATIONS OF THE DIALYSIS PROCEDURE AND
METHODS OF PREVENTION

Complication Preventive measures

Hemodialysis

Hypotension Extend dialysis time
Perform sequential ultrafiltration-hemodialysis
Discontinue antihypertensive (not antianginal) agents
Decrease dialysate temperature
Increase dialysate calcium concentration
Increase hemoglobin concentration
Consider administration of colloid
Consider change in estimated dry weight

Arrhythmia Increase dialysate potassium concentration
Consider discontinuing digoxin and other antiarrhythmic agents
Supplemental oxygen during dialysis

Muscle cramps Extend dialysis time
Consider hypertonic saline
Consider vitamin E
Consider quinine sulfate

Pyrogen reaction Culture dialysate
Immediate water testing for lipopolysaccharide

Dialysis disequilibrium Attenuate clearance by limiting time, dialyzer surface area, blood
flow, and dialysate flow

Consider mannitol
Hypoxemia Use noncellulosic dialyzer

Supplemental oxygen during dialysis
Hemolysis Examine blood lines

Immediate water testing for chloramine

Peritoneal Dialysis

Constipation Regular administration of lactulose or other nonstimulant cathartic
Consider changing phosphate binder

Early satiety Consider change from continuous ambulatory peritoneal dialysis to
continuous cyclic peritoneal dialysis

Hyperglycemia Investigate for infection
Consider adding (or increasing) insulin in dialysate
Limit dextrose concentration
Consider diuretics to augment ultrafiltration
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wasting and other overt signs of malnutrition, the risk of
death or injury increases. Therefore, the lean dialysis pa-
tient should be considered at high risk. Hypertension is
likewise extremely common in dialysis patients. Elevated
blood pressure is often indicative of volume overload and
should be managed with the patient’s dialysis schedule and
hospital presentation in mind. Physical examination
should always include careful auscultation of the chest, in
search of an uremic pericardial or pleural rub. Systolic flow
murmurs are common, especially among patients with
anemia. These should be carefully differentiated from
sounds transmitted from an arteriovenous fistula, which
tend to be harsher and often extend through systole and di-
astole. The abdomen should be carefully examined for
signs of hepatic congestion. A detailed neurologic exami-
nation should be performed if uremia is implicated in a
change in cognitive or functional status.

The laboratory profile of dialysis patients is characteris-
tically abnormal. The degree of elevation of urea nitrogen
and creatinine levels relative to the patient’s overall condi-
tion and dialysis history is extremely important. A serum
urea nitrogen that is extremely high (e.g., �150 mg/dL)
might indicate gastrointestinal bleeding, glucocorticoid
therapy, or an overwhelming catabolic process. An ex-
tremely low level of serum urea nitrogen (e.g., �30 mg/dL)
might be expected several hours after the completion of
dialysis but might indicate a marked reduction in dietary
protein intake if obtained on a nondialysis day. The elec-
trolytes are frequently abnormal, with a propensity for hy-
perkalemia and metabolic acidosis. Hyperphosphatemia,
hyperuricemia, and an elevated anion gap are common
findings in patients on dialysis. Liver enzymes, lactate de-

hydrogenase, and bilirubin concentrations should be nor-
mal. The alkaline phosphatase often is elevated, an indica-
tion of the effect of secondary hyperparathyroidism on
bone. The serum albumin concentration is on average sig-
nificantly lower in dialysis patients than in age-matched
controls; hypoalbuminemia has been shown to predict
markedly higher mortality and morbidity rates in these
patients (5).

The most common finding on the complete blood
count is a low hemoglobin concentration. The problem of
“renal anemia” has been alleviated greatly with the intro-
duction of recombinant erythorpoietin, which is now
administered routinely to patients with chronic kidney dis-
ease, sometimes before the initiation of dialysis. Anemia
has been further lessened with the more widespread
prescription of intravenous iron compounds and better
control of hyperparathyroidism. The platelet count and co-
agulation studies should be normal.

Cardiovascular Disease

Except for procedures related to the vascular access, cardio-
vascular complications, including congestive heart failure,
and coronary, cerebral, and peripheral vascular disease, ac-
count for an overwhelming proportion of hospitalizations
and considerable morbidity in patients with ESRD. The in-
cidence of atherosclerotic vascular disease is markedly in-
creased in patients with ESRD and accounts, at least in part,
for a majority of deaths (6).

Chest pain in a dialysis patient must be taken seriously,
given the high pretest probability of disease and the antici-
pated level of disease severity. Treatment of suspected
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TABLE 101.2
ALTERNATIVE METHODS OF DIALYSIS FOR ACUTE RENAL FAILURE

Method Intensity of nursing effortb Costb Potential indications

Intermittent hemodialysis � �� Hyperkalemia
Mild-to-moderate volume overload
Hemodynamic stability
ICU or non-ICU setting
Poisoning

Peritoneal dialysis �� � No abdominal surgery or active issues
Pregnancy
Pediatrics
ICU or non-ICU setting

Continuous renal ���� ��� Hemodynamic instability
replacement therapya Large obligate fluid load (including blood

products and parenteral nutrition)
Moderate-to-massive volume overload
Severe metabolic acidosis
ICU setting

a Hemofiltration alone (continuous venovenous hemofiltration) or hemodiafiltration (continuous venovenous
hemodiafiltration).
b Semi-quantitative scale, with “�” representing lowest and “����” representing highest.
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ischemia should be similar to that in non-ESRD patients.
All patients without other contraindications should receive
aspirin. The long-acting �-adrenergic antagonists atenolol
and nadolol are eliminated by the kidney and should have
their dosages reduced, or alternative agents (e.g., metopro-
lol) should be used. Most angiotensin-converting enzyme
inhibitors are eliminated by the kidney, and lower doses at
less frequent intervals initially should be employed in dial-
ysis patients. Parenteral opiate analgesics should be used
with caution. Low-dose morphine or hydromorphone are
acceptable options; meperidine should be avoided because
its major metabolite (normeperidine) is epileptogenic and
accumulates in ESRD. Calcium antagonists and nitrates do
not require dose adjustment. Short-acting dihydropyridine
calcium antagonists should be avoided.

Most if not all antianginal agents should be continued to
the time of dialysis. The dialysis procedure is a stressful
event, and dialysis patients with known coronary artery dis-
ease should be protected from developing tachycardia
during dialysis. If hypotension develops during dialysis, ul-
trafiltration should cease temporarily, and the ultrafiltration
rate should be reduced. Sequential ultrafiltration and
hemodialysis or an additional treatment of ultrafiltration
alone may be required in selected cases. Nonischemic causes
of chest pain in patients on dialysis include pericarditis,
esophagitis, and a variety of musculoskeletal disorders.

Pericarditis should be suspected in any patient who has
not adhered faithfully to the dialysis schedule or who reg-
ularly terminates the dialysis session prematurely. The
cause of pericarditis cannot easily be determined on clin-
ical grounds. Hemodynamically insignificant posterior
pericardial effusions may be present in 15%–20% of sta-
ble, asymptomatic dialysis patients. Larger effusions, espe-
cially if they are anterior and posterior, usually are related
to pericarditis and reflect significant disease. Fever, leuko-
cytosis, a large-sized effusion, and hemodynamic instabil-
ity suggest a nonuremic cause. Regardless of the suspected
cause of pericarditis, more frequent and intensive dialysis
should be provided for at least 10–14 days if uremic peri-
carditis is a possibility. Pericardiocentesis is indicated ur-
gently for tamponade physiology or if a large effusion
persists after intensifying the dialysis regimen. Tampon-
ade should be suspected from the usual physical findings
(Chapter 46) or if the usual quantity of ultrafiltration at
dialysis is not tolerated.

Pulmonary edema in the patient undergoing dialysis can
be of cardiac or noncardiac origin. Dietary indiscretion can
lead to pulmonary edema, because of the inability to ex-
crete an increased load of salt and water with reduced or ab-
sent native kidney function. A pattern of previous episodes
and the timing of the event can provide clues to this diag-
nosis. Another common scenario leading to pulmonary
edema is a loss in body cell mass associated with either a
period of reduced dietary intake or hypermetabolism. If the
goal of postdialysis (“dry”) weight remains the same and
the amount of intracellular water decreases, extracellular

fluid is retained in its place, often leading to hypertension
and pulmonary edema. Although standard therapies for
pulmonary edema can provide some symptomatic relief,
mechanical ultrafiltration with or without dialysis is the
treatment of choice. Some patients on dialysis maintain
urine output for months-to-years following the develop-
ment of ESRD (especially those on peritoneal dialysis) and
may remain responsive to high-dosage diuretics (e.g.,
furosemide �160 mg intravenous). Topical and intra-
venous nitrates, selected opiate analgesics, nesiritide, and
nitroprusside may each be useful in selected cases; the lat-
ter agent should not be used for �12 hours to avoid signif-
icant toxicity. High-output congestive heart failure also
should be considered in patients with ESRD. Anemia can
contribute to tachycardia and dyspnea, and the presence of
an arteriovenous shunt can increase cardiac output signifi-
cantly. Patients with ESRD and severe degrees of left ven-
tricular hypertrophy tolerate anemia and tachycardia espe-
cially poorly. Hyperthyroidism should be considered;
typical symptoms may be absent or masked by uremia or
dialysis asthenia. Finally, beriberi should be considered as
a possible cause of heart failure, especially if a metabolic
acidosis is present. Frank thiamine deficiency can develop
in dialysis patients with poor or marginal oral intake who
fail to take water-soluble vitamin supplements.

Infectious Disease

Infectious complications are common in dialysis patients.
The most important infectious complications relate to
dialysis access: the arteriovenous graft or central venous
catheter for hemodialysis (bacteremia) and the peritoneal
catheter for peritoneal dialysis (peritonitis). Protein-calorie
malnutrition can increase susceptibility to a wide variety of
infections and is probably more responsible than uremia
for the increased incidence of infection, particularly among
patients receiving an adequate dialysis dose. Environmen-
tal exposures, the need for blood transfusion, and exposure
to immunosuppressive agents following failed kidney
transplantation also can increase the risk of infection.

Hemodialysis requires repetitive access to the blood
stream. Despite efforts taken to sterilize the skin prior to
needle placement, infections of the vascular access are ex-
tremely common. The overall rate of serious line infection
is approximately one per patient per year (just less than 10%
per month), an exceptionally high rate. Most often, the or-
ganism is a Gram-positive species, usually Staphylococcus epi-
dermidis or aureus. Other Gram-positive cocci are frequently
seen, including Vancomycin-resistant Enterococcus (VRE);
Gram-positive rods such as Bacillus sp. may also be
pathogenic. Gram-negative rods, including E. Coli and Kleb-
siella spp., are seen 10%–15% of the time, although their
presence in blood cultures should prompt investigation
elsewhere, such as the gastrointestinal and genitourinary
tracts. Other Gram-negative rods, such as Stenotrophomonas
maltophilia and Acinetobacter spp., have been observed with
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increasing frequency in recent years, related to the use of
broad-spectrum antibiotics and, potentially, to contami-
nated environmental sites. Native arteriovenous fistulas are
rarely the source of infection, although their repeated punc-
ture may be an entry site for bacteremia. In contrast, a
blood-borne infection may harbor at the graft site, an artifi-
cial endovascular device prone to seeding. Although par-
enteral antibiotics are clearly indicated for infection of the
vascular graft, the likelihood of clearing grossly infected
polytetrafluroethylene graft is extremely low. Thus, in most
circumstances, the graft should be removed promptly. Infections
in the setting of tunneled hemodialysis catheters should be
approached with a similar degree of caution. Attempts to
“treat through” line infections with bacteremia typically fail,
as catheter “biofilm” serves to harbor bacteria that can cause
relapsing infections after antibiotics have been discontin-
ued. Such infections can lead to endocarditis, osteomyelitis,
and other serious deep-tissue infections. In the setting of
line-associated bacteremia, some advocate removal of all
tunneled dialysis catheters followed by placement of tem-
porary catheters until bacteremia has cleared. Others have
found that catheter exchange over a wire (when there is no
evidence of catheter tunnel infection) has yielded excep-
tionally low rates of treatment failure (i.e., relapse) and con-
siderably less morbidity. Only in the case of Staphylococcus
epidermidis infection do we recommend antibiotic therapy
without line exchange. The duration of antibiotic therapy
for an access-associated infection should be 3 weeks. If there
is evidence of endovascular infection, 6 weeks of parenteral
antibiotics are recommended. Empiric therapy for sus-
pected infection of the vascular access should be based on
the microbiologic epidemiology of the hospital and sur-
rounding region (Chapter 72). Definitive therapy then
should be based on microbiologic results.

Actual transmission of infection via dialysate has been
reported but is rare, because the dialysate is not infused
into the patient. It is clearly possible, however, for bacterial
cell-wall products or bacterial fragments to be transmitted
to the patient on dialysis, which can result in the pyrogen re-
action, clinically indistinguishable from sepsis syndrome.
Patients with pyrogen reactions typically require hospital-
ization because of high fever, rigors, and leukocytosis or se-
vere leukopenia, and they must be evaluated and treated
for sepsis syndrome (Chapter 26). The signs and symptoms
usually resolve within 24 hours, and blood cultures are
negative. A cluster of patients with fever and systemic
symptoms from the same dialysis unit should raise suspi-
cion that the dialysate may have been contaminated.

Peritonitis is probably the most important complication
for peritoneal dialysis patients. It is the most frequent cause
of hospitalization, and the principle reason for switching
from peritoneal to hemodialysis. As with hemodialysis-
associated line infections, skin organisms are the most
common pathogens. Staphylococcus epidermidis and aureus
lead the list of responsible pathogens. Gram-negative rods
and fungi are especially troublesome, resulting in more fre-

quent hospitalization, catheter removal, and change to
hemodialysis. The most common clinical findings are
fever, abdominal pain, and cloudy dialysate. Many patients
with peritonitis do not require hospitalization. If the episode is
addressed early, appropriate cell counts and cultures can be
obtained and empiric parenteral antibiotic therapy begun,
via either the intravenous or intraperitoneal route. Cefa-
zolin and vancomycin are reasonable first-line therapies,
and either can be safely administered in the peritoneal
dialysate. Hospitalization, if necessary, should be brief
(�72 hours). Usually, the patient’s technique is as good as
that of the nondialysis nursing staff, and the odds of con-
tracting a resistant organism are lower in the home than in
the hospital environment.

Blood-borne viral infections are more common in
hemodialysis patients because of shared risk factors (e.g.,
hepatitis B and C viruses and HIV-associated kidney dis-
eases) and the need for frequent hospitalization and trans-
fusions. It is strongly recommended that all patients with
advanced chronic kidney disease be vaccinated against hep-
atitis B, although the strength and durability of the antibody
response are attenuated compared with other populations.
Patients who are known to be positive for hepatitis B surface
antibody are isolated. Hepatitis C infection should be sus-
pected in any dialysis patient with a history of transfusion,
injection drug abuse, or high-risk sexual behaviors.

Respiratory Disease

Pulmonary edema is the most common respiratory mani-
festation of the dialysis patient. Its management has been
discussed previously. Pneumonia, though not specific to
ESRD, is an extremely common reason for hospitalization.
Pleural effusion is seen with higher frequency than in the
population without ESRD, perhaps owing to subtle serosal
inflammation or hypoalbuminemia. An increased fre-
quency of pleuritis and hemorrhagic pleural effusion also
has been noted. Except if more intensive dialysis and ultra-
filtration are required, the management of these syndromes
in ESRD is no different than in the general population (see
Chapters 39, 65, and 60, respectively for pulmonary
edema, pneumonia, and pleural effusion).

Sleep apnea has been reported in up to 60% of patients
with ESRD, regardless of modality of dialysis, and can be
central or obstructive in origin. Affected dialysis patients
are at increased risk for systemic and pulmonary hyperten-
sion, as well as for a variety of atrial and ventricular ar-
rhythmias, including sudden death. Acidemia and hyper-
kalemia induced by uncompensated respiratory acidosis
may be the mechanism in many cases. Respiratory therapy
with continuous positive airway pressure and supplemen-
tal oxygen may be required during hospitalization.

Gastrointestinal Disease

Patients with previously undetected, advanced chronic kid-
ney disease usually seek medical attention (and often
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require hospitalization) because of the gastrointestinal
manifestations of uremia. These include anorexia, dysgeu-
sia, nausea and vomiting (characteristically upon awaken-
ing), gastrointestinal hemorrhage, and the nitrogenous
fetor. A variety of gastrointestinal abnormalities persist in
ESRD patients after the initiation of dialysis, and some
prompt hospitalization. Gastritis and upper gastrointestinal
bleeding are more common than in the general population;
upper endoscopy is abnormal in approximately 50% of
ESRD patients, depending on the severity of symptoms and
the indication for study. Although most patients are found
to have an inflammatory infiltrate in the gastric epithelium,
5%–15% of patients have evidence of atrophic gastritis. He-
licobacter pylori infection may contribute to the development
of peptic ulcer disease in dialysis patients, although it is not
clear if the incidence of H. pylori infection increases in this
population relative to the general population. Because dial-
ysis patients without serious gastrointestinal disease may
have blood loss and iron deficiency caused by increased
bleeding tendencies and long-term anticoagulation, the in-
terpretation of guaiac-positive stools or nasogastric aspirate
must be tempered. Nevertheless, repeated positive tests
should prompt investigation.

The treatment of peptic ulcer disease in dialysis patients is
similar to that in patients with normal renal function
(Chapter 80). If gastric lavage is deemed appropriate, 5%
dextrose in water, rather than saline, should be used to
avoid sodium overload. Antacids (containing magnesium
and aluminum) and sucralfate (containing aluminum)
should be used sparingly. Histamine-2 receptor blockers
and proton pump inhibitors can be safely used in ESRD;
the former should be dose reduced (e.g., daily rather than
b.i.d.). Correction of the bleeding diathesis seen in some
dialysis patients is described in Chapter 98. Heparinization
should be limited during subsequent dialysis treatments.

Common lower gastrointestinal abnormalities in dialy-
sis patients include colonic ulceration, diverticulosis, diver-
ticulitis, spontaneous colonic perforation, and prolonged
ileus (7). Diverticulosis is seen in more than 80% of pa-
tients who have polycystic kidney disease as a cause of
ESRD. Ischemic enteritis and colitis are relatively common
in dialysis patients, especially the elderly and diabetics, be-
cause of the severity of atherosclerosis (Chapter 87). Is-
chemic bowel disease should be suspected in patients
whose pain is worsened during dialysis. Intestinal necrosis
with bowel perforation has been observed following rectal
administration of sorbitol with sodium polystyrene sul-
fonate. If required, sodium polystyrene sulfonate should be
mixed with water or, preferentially, given enterally.

There is an increased frequency of acute and chronic pan-
creatitis in dialysis patients. Certain drugs used for kidney
diseases should be considered in the differential diagnosis
of pancreatitis, including corticosteroids, loop and thiazide
diuretics, and a variety of antiretroviral drugs (Chapter 86).
Hypercalcemia, hyperparathyroidism, and hypertriglyc-
eridemia are additional risk factors. In general, amylase and

lipase are elevated in ESRD because of reduced renal clear-
ance and minimal clearance with dialysis. Specificity for the
diagnosis of pancreatitis increases if the amylase level is
greater than three times the upper limit of normal.

Hematologic Disease

In the hospitalized patient with ESRD, the hematologic
problem of greatest importance is anemia. The etiology of
anemia in ESRD is multifactorial, although the principal
cause is related to a deficiency in erythropoietin, a growth
factor primarily produced in the proximal tubule of the
functioning kidney. Table 101.3 outlines other contribut-
ing causes to ESRD-related anemia and to potential resis-
tance to the effects of erythropoietin. Most of these
conditions are preventable or readily manageable in the
outpatient setting.

In addition to correcting the anemia of ESRD, erythro-
poietin therapy has been shown to improve cardiac hemo-
dynamics, improve oxygen-releasing capacity, and decrease
the degree of intradialytic hypotension. These improve-
ments in overall cardiac function have led to tangible
improvements in physical activity, work capacity, sexual
function, and quality of life. Furthermore, the associated
decrease in transfusion requirements has decreased the fre-
quency of hepatitis and presensitization before kidney
transplantation. Therefore, it is prudent to continue ery-
thropoietin in maintenance dialysis patients if they are
admitted to the hospital. Clinical practice guidelines rec-
ommend maintaining hematocrit concentrations in the
33%–36% range, with the liberal use of intravenous iron
compounds to maintain transferrin saturation greater than
20% and ferritin concentration greater than 100 mg/L.
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TABLE 101.3
CAUSES (BEYOND ERYTHROPOIETIN
DEFICIENCY) CONTRIBUTING TO ANEMIA IN
END-STAGE RENAL DISEASE

Iron deficiencya

Excessive blood draws
Inflammatory diseasea

Persistent uremia (underdialysis)a

Aluminum toxicity
Lead toxicity
Folate deficiency
Vitamin B12 deficiency
Multiple myeloma
Secondary hyperparathyroidism (osteitis fibrosa cystica)a

Hemolysis associated with primary disease (systemic
lupus erythematosus)

Hemolysis related to mechanical factors, dialysate contamination, 
hyper-osmolality, hypo-osmolality, or severe hypophosphatemia

aMajor causes of erythropoietin resistance.
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Carefully conducted clinical trials are still necessary to de-
termine the optimal hemoglobin concentration or hemat-
ocrit for maintenance dialysis patients. There are few side
effects of erythropoietin therapy. Exacerbation of hyperten-
sion and seizures were observed in early studies with ery-
thropoietin but seldom are seen today.

Uremia is associated with a bleeding diathesis related to
platelet dysfunction. This usually is controlled with adequate
dialysis. Nevertheless, there are several maneuvers that can
help with the management of the dialysis patient who is
bleeding. First, ensure that there has been no unrecognized
or mistaken administration of heparin. Typically, central
venous double-lumen catheters used for dialysis are in-
stilled with 5,000–7,500 units of heparin in each port to
prevent in situ catheter thrombosis. If excessive heparin has
been administered, protamine or fresh frozen plasma can
be given to counteract its effects. If the prothrombin and
partial thromboplastin times are normal and there is active
bleeding, the patient should be transfused to a hematocrit
in excess of 30% to increase blood viscosity. The intensity
of dialysis should be maximized, including daily dialysis if
necessary. Desmopressin acetate and intravenous estrogens
may be of some additional benefit (8) (Chapter 98).

Endocrine Disorders

More than 40% of all new dialysis patients have diabetes as
a primary or contributing cause of ESRD or as an important
comorbidity. People with diabetes and chronic kidney dis-
ease frequently exhibit a decreasing requirement for insulin
as GFR declines, sometimes requiring no insulin after many
years of insulin dependence. Insulin catabolism is de-
creased with reduced GFR, and an occult decrease in pro-
tein and calorie intake can further decrease the patient’s
insulin requirement. Hypoglycemia is a relatively common
occurrence in patients with ESRD. Causes include alcohol
abuse (which tends to be less frequent among dialysis pa-
tients than the general population), liver disease (including
hepatitis C with minimal transaminitis), sepsis, metabolic
acidosis, and especially malnutrition. Patients with re-
duced muscle mass and reduced glycogen stores are at high-
est risk for hypoglycemia.

The use of oral sulfonylurea agents can place patients at seri-
ous risk for hypoglycemia because of both the increased half-
life of insulin and the retention of active metabolites of the
sulfonylurea agent. First-generation sulfonylureas (e.g.,
chlorpropamide, tolazamide) should be avoided in patients
with ESRD, and second-generation agents should be used
with caution. Insulin therapy should be recommended to
all dialysis patients who require glycemic control. Metformin
should not be used in patients with ESRD because of the risk of
serious lactic acidosis. If a sulfonylurea must be used, glip-
izide is preferred, because its retained metabolites are less
active than those of glyburide. Peripherally acting agents
that enhance insulin sensitivity (e.g., rosiglitazone, piogli-

tazone) are well tolerated, although long-term safety and ef-
ficacy data in patients with ESRD are lacking.

Hyperosmolar coma resulting from hyperglycemia occa-
sionally complicates ESRD, and levels of blood glucose can
be extremely high (500–1,000 mg/dL or more). In contrast
to patients with nonketotic hyperosmolar syndrome and
normal baseline renal function (Chapter 107), volume ex-
pansion does not correct the disorder in dialysis patients
and should be avoided. Indeed, volume depletion rarely
complicates the disorder because of the blunted or absent
response to glucose as an osmotic diuretic. In dialysis pa-
tients, the most appropriate therapy for hyperglycemia
with or without ketoacidosis is an intravenous insulin in-
fusion. Ketoacidosis is an infrequent occurrence in long-
term dialysis patients, in contrast to non-ESRD patients
with diabetes. The unexplained occurrence of severe hyper-
glycemia or ketoacidosis in the dialysis patient should raise
a strong suspicion for infection.

Some of the signs and symptoms of uremia or dialysis as-
thenia may be confused with hypothyroidism. Therefore, it
is important to appropriately interpret thyroid function
tests in this population (Chapter 106). In general, serum to-
tal thyroxine and tri-iodothyronine are reduced because of
changes in binding protein metabolism and competitive in-
hibition of binding caused by accumulated organic acids.
Free hormone levels, however, tend to be normal or slightly
reduced. Thyroid-stimulating hormone levels are usually
normal to slightly increased, and there is a blunted response
to thryotropin-releasing hormone. The incidences of frank
hypothyroidism and goiter are increased in ESRD, perhaps
related to iodine retention secondary to reduced excretion.

Electrolytes, Acid-Base Balance, Metabolism,
and Nutrition

Hyperkalemia is the most important electrolyte issue for the
hospitalized ESRD patient (see Chapter 104 for a complete
discussion). Metabolic acidosis is extremely common in
ESRD. In the past, metabolic acidosis was an expected com-
plication of ESRD and was rarely treated. More recently, it
has been demonstrated that chronic metabolic acidosis can
promote protein catabolism leading to a reduction in lean
body mass, and it may accelerate the ill effects of metabolic
bone disease. Although it is rarely urgent in the hospital set-
ting, some experts recommend treating a metabolic acidosis
(bicarbonate concentration �22 mEq/L) with oral sodium
bicarbonate. Sodium citrate should be used sparingly and
never in conjuction with aluminum-based compounds (see
below).

The optimal management of calcium, phosphorus,
parathyroid hormone, and vitamin D is one of the most
complex issues in ESRD. In hospitalized patients, the most
common abnormality is hyperphosphatemia. Hyperphos-
phatemia should be avoided to prevent complications
related to its effects on bone and other tissues. Elevated
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phosphate concentrations have been associated with mor-
tality and hospitalization because of cardiovascular disease
and fracture (9). Elevated calcium concentrations have also
been associated with mortality in ESRD patients; it can usu-
ally be avoided by judicious use of calcium-based binders
and vitamin D, and with physiologic dialysate calcium con-
centrations. The best treatment for hyperphosphatemia in
the hospital depends on the corresponding level of calcium
and on whether or not the patient is eating. Although some
phosphorus can be absorbed from the sloughed gut mu-
cosa, the majority of phosphorus absorbed from the gas-
trointestinal tract is from food. As such, phosphate binders
should be given with, rather than in between, meals.

Calcium carbonate and acetate are both effective as
phosphate binders. If the levels of serum calcium and cal-
cium-phosphate product are elevated, a short course of alu-
minum hydroxide can be given. Aluminum alone tends to
be extremely constipating. Modest degrees of hyperphos-
phatemia (4.5–6.5 mg/dL) should be tolerated in the hos-
pital to avert the complications of treatment. Aluminum
hydroxide should never be given with citrate-based alkalin-
izing agents, because citrate markedly enhances aluminum
absorption; nor should it be given with sodium polystyrene
sulfonate, because intraluminal binding renders both
drugs ineffective and often causes severe obstipation. Seve-
lamer is a polymeric phosphate binder that contains no
aluminum or calcium and may prove to be useful in the
hospital setting. As a hydrogel, sevelamer may expand
within the lumen of feeding tubes; rapid flushing of seve-
lamer after instillation into feeding tubes is required to
avoid mechanical complications.

Metabolic and nutritional abnormalities are extremely
common in long-term dialysis patients. These abnormali-
ties exert direct ill effects on organ function in dialysis pa-
tients and themselves contribute to the risks for death and
injury. The subjective global assessment of nutritional sta-
tus (Table 16.2), initially developed and validated in hos-
pitalized surgical patients (10), is a simple, reproducible
tool that can identify dialysis patients at nutritional risk.
Nutrition support should be given to dialysis patients who
are moderately or severely malnourished by subjective
global assessment criteria, or who have serum albumin
concentrations less than 3.5 g/dL. Enteral nutrition should
be provided whenever possible. The choice of enteral sup-
plements depends on individual patient factors, such as the
need for sodium and potassium restriction and the degree
of fluid overload. There are many commercially available
products designed for patients on dialysis. Alternatively, to-
tal parenteral nutrition or intradialytic parenteral nutrition
can be prescribed (Chapter 15).

Neurologic Disorders

Most of the central nervous system manifestations of ad-
vanced uremia, such as impaired mentation, lethargy,
sleep disorders, asterixis, and multifocal myoclonus, are

reversible with dialysis. In addition to uremic en-
cephalopathy, two neurologic syndromes—dialysis dys-
equilibrium and dialysis dementia—are specific to patients
with ESRD and often are confused, although they are
quite distinct.

Dialysis dysequilibrium refers to a condition characterized
by headache, confusion, disorientation, nausea, vomiting,
and, rarely, seizures during or just after dialysis. It is
thought to be related to the rapid shift of extracellular so-
lutes during the dialysis procedure and the subsequent shift
of water into cells of the brain. The risk of this reaction can
be reduced by dialysis modifications. Some clinicians in-
fuse mannitol, a substitute osmole that is not removed with
dialysis, in an effort to limit fluid shifting. Dialysis against
a high sodium bath (145–150 mEq/L) also may limit extra
cellular to intracellular water shifting. The risk of dialysis
dysequilibrium is increased with more severe degrees of
uremia. In addition to changes in the dialysate and the ad-
ministration of mannitol, it is reasonable to use phenytoin
in patients with a history of seizures or with a known struc-
tural brain injury that could serve as a seizure focus (Chap-
ter 118).

Dialysis dementia is characterized by disorders of speech,
such as dysarthria and dysphasia, along with dyscalculia,
dyslexia, dyspraxia, dysgraphia, impaired memory, poor at-
tention span, depression, paranoia, myoclonus, and
seizures. The symptoms are initially intermittent and often
most severe during or immediately after dialysis. Dialysis
dementia is a progressive dementing disorder and, if un-
treated, usually progresses to death within 12–15 months.
Aluminum was implicated in the pathogenesis of dialysis
dementia after finding clusters of cases in dialysis units
whose water-collection systems were contaminated with
aluminum. The association with osteomalacia and micro-
cytic anemia provided additional evidence, as did the high
concentrations of aluminum in the plasma and brains of
affected patients.

Although not specific to ESRD, stroke and subdural
hematoma are two conditions seen more commonly in
dialysis patients than in the general population and should
be suspected in the setting of either focal neurologic deficits
or nonspecific neurologic findings. Subdural hematoma in
particular can present with indolent changes in behavior
that may be attributed incorrectly to uremia. Because inter-
mittent heparinization with dialysis can increase the risk of
rebleeding, a CT scan of the head should be obtained if
subdural hematoma is suspected in a patient with ESRD
(Chapter 117).

Drug Disposition

The kidneys are responsible for much of the metabolism of
drugs in the human body. Therefore, in caring for the hos-
pitalized patient it is absolutely essential to appreciate not
only the effects of drugs on the kidney (nephrotoxicity),
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but also the role of the kidney in the disposition of pre-
scription drugs. Drug-related nephrotoxicity is covered in
Chapter 100. An exhaustive listing of drugs that require
dose and frequency modifications in patients with chronic
kidney disease is beyond the scope of this chapter. A com-
puterized order-entry system can considerably reduce ex-
cessive dosing and reduce pharmacy costs by more than
10%. Whether renal or other adverse drug events can be re-
duced, or whether other outcomes (e.g., length of hospital
stay, level of renal function at discharge) can be influenced,
remains to be determined (Chapter 21).

KEY POINTS

■ A nephrologist often functions as the primary or princi-
pal care physician for the dialysis patient. Consultation
with the nephrologist and outpatient dialysis facility can
provide vital information and facilitate effective and effi-
cient inpatient care.

■ The most common reasons for hospitalization of the
dialysis patient include thromobosis, infection of the
vascular or peritoneal access, and a variety of cardiovas-
cular diseases, including congestive heart failure and my-
ocardial infarction.

■ Special attention should be paid to the serum potassium
concentration. Sliding scales and other liberal methods
of potassium repletion should be avoided.

■ Routine intravenous fluids should not be administered
to patients on dialysis. Routine placement of intra-
venous lines also should be discouraged.

■ The majority of patients with ESRD are either malnour-
ished or at nutritional risk. Physicians should routinely
provide nutritional support to dialysis patients who are
critically ill or taking nothing by mouth for extended
periods.

■ Physicians should consider the role of kidney function
on drug disposition when prescribing medications.
Close attention to these issues may limit adverse drug
events and reduce costs.
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Renal Transplantation
William J.C. Amend, Jr. Flavio Vincenti

INTRODUCTION

Renal transplantation had its successful beginnings in 1954
with the experience of identical-twin transplants at the Peter
Bent Brigham Hospital in Boston. Over the next 50 years,
there have been major advances in both surgical technique
and medical management leading to improved outcomes.
The clinician involved in immediate and post-transplant
follow-up care should understand the particulars of the
transplant implantation (Figure 102.1). It is vital that com-
plete arterial circulation be supplied to both the transplanted
kidney and the proximal-to-distal transplanted ureter. This is
ensured through careful inspection of donor angiograms (in
living donors) or of operative findings of either cadaver or
living donors at the time of organ procurement. Multiple re-
nal arteries occur in about 30% of donor kidneys.

For the renal-transplant recipient, inadequate or over-
looked arterial supply vessels can lead to early postopera-
tive bleeding, partial graft infarction, segmental acute
tubular necrosis, or later ureteral ischemic complications
(with a leak caused by necrosis or a transplant ureteral stric-
ture). Currently, most renal transplants have an end-to-side
anastomosis to the recipient’s arteries, with a decreased in-
cidence of later anastomotic transplant renal artery stenosis
compared with an end-to-end arterial anastomosis. The
transplanted ureter is implanted with either a tunneling
antirefux technique or with an extravesicular re-implant
procedure. The disadvantage of the former surgery is a
prolonged initial hospital stay with two bladder incisions
and the potential for early postoperative leaks. This surgery,
however, is associated with less post-transplant ureteral re-
flux, which may be important in reducing later infections
or secondary focal sclerosis in the transplanted kidney.

Careful dissection of the iliac fossa reduces the likeli-
hood of peritransplant hematomas and excessive pooling
of lymphatic drainage. The latter presents as a postopera-
tive lymphocele that is usually medial to the transplanted
kidney (between the transplant and bladder) (Figure

102.1). Lymphoceles can cause obstructive uropathy or
obstructive lower-extremity venous thrombosis; they also
can become infected. The incidence of lymphoceles is
3%–20% and varies by surgeon and transplant center. The
recipient’s diseased kidneys usually are left in situ. Indica-
tions for pretransplant unilateral or bilateral nephrectomy
include infection, hemorrhage, renal-cell cancer, exces-
sively morbid enlargement (as in the case of polycystic
kidneys), refractory hypertension, and persistence of the
nephrotic syndrome. If there is reflux present, native
nephrectomies can be accomplished pre- or post-transplant
if infections occur. Occasional ureteral implantation into
an ileal loop or augmented bladder is accomplished in pa-
tients with urologic abnormalities. Bladders that have been
in disuse for many years often are contracted and present
post-transplant reconditioning challenges, with possible
urologic complications of leak, retention, and infection.

Postoperatively, the donor and recipient solitary kid-
neys undergo compensatory hypertrophy or hypotrophy, if
the recipient is much smaller than the donor. Hypertrophy
is characterized by an increase in glomerular filtration rate,
renal blood flow, and tubular function to 80% of normal
“two-kidney” function. These physiologic recoveries are
identical for both the donor and the recipient if immuno-
suppressives are not used and rejection does not occur.
Most recipients who do not receive an identical-twin trans-
plant recover substantial function, but full renal recovery
(to 80% of normal) is unusual. There are several reasons
for this partial recovery. Rejection and immunosuppressive
drugs can cause important physiologic changes. Pos-
turemic endocrinologic abnormalities such as ongoing 
secondary hyperparathyroidism also may affect post-
transplant recipient renal physiology, causing proximal
tubular reabsorbtive defects of phosphorpus and bicarbon-
ate. The kidney donor’s renal recovery (donor compensatory
hypertrophy) is complete at 6–8 weeks, postdonor nephrec-
tomy. On follow-up of donors for 10–20 years, there appears
to be a slightly increased risk of later hypertension in those

102
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with a family history of hypertension and of proteinuria. It
is not yet known whether there is an excessive risk of
impaired renal function in donors more than 20 years
postnephrectomy.

Renal-transplant donor medical and surgical principles
vary depending upon donor source. The surgical team co-
ordinates renal-organ procurement with the United Network
for Organ Sharing (UNOS) system and its local organ-donor
network. If a living volunteer wishes to undergo evaluation,
a systematic process is undertaken (Table 102.1)(1). If
transplantation is done pre-emptively before dialysis is
needed, there is often a more favorable prognosis (2).

Seventy percent of patients in end-stage renal failure lack
available living donors and are dependent on cadaver or-
gans for transplants. Many of the steps outlined in Table
102.1 obviously cannot be performed with cadaver donors.
Cadaver donors are identified from patients at “low risk”
for transmissible diseases who meet brain-death criteria.
Because of procurement technique, frequent multiorgan
donation, storage, preservation, and shipping to recipient
hospitals, both warm and cold ischemic times tend to be
longer for cadaveric kidneys than the surgical ischemic
times for organs procured from living renal donors. This,
along with cadaver donor preprocurement hemodynamic

instability, create an expectedly greater incidence of delayed
graft function, which manifests itself as nonoliguric or
oliguric acute tubular necrosis and, rarely, cortical necrosis.
Delayed graft function is the primary cause of early postkid-
ney transplant renal failure; its differential diagnosis and
therapy are discussed later. With a relative scarcity of ca-
daver donors, recent emphasis has been placed on utilizing
living unrelated donors; outcomes are comparable to those
seen in partially matched related donors. “Marginal” ca-
daver donors (older, deceased donors with mild degrees of
azotemia or with histories of hypertension) are also in-
creasingly being used (3).

Recipient medical and surgical considerations are also
important in assessing early and late post-transplant
events. Immunologic predictors of outcome include the
type of graft, the match grade, and rejection syndromes.
Isografts (between identical twins) are rare; such recipients
have no rejections and have no post-transplant need for
immunosuppression but are at higher risk for certain re-
current diseases. The usual kidney transplant is an allograft
and occurs between genetically disparate individuals. ABO
blood group compatibility and a negative immediate pre-
transplant lymphocytotoxic cross-match are essential to
reduce severe early rejections. Matching for the human
leukocyte antigen system is performed; increasing degrees
of matching correlate with improved post-transplant out-
comes. The most common post-renal transplant organ
complication continues to be rejection. The types of rejec-
tions include the following:

■ Hyperacute: a nearly immediate graft loss through an un-
detected antidonor tissue antibody response with subse-
quent cortical necrosis.

■ Delayed hyperacute: a severe cellular and humoral inflam-
matory response, often treatment-resistant, which likely
represents an amnestic or secondary immune response.

■ Acute: the most common form of rejection, occurring
with post-transplant donor antigen-host responses, usu-
ally of a cellular variety.

1028 Section XI: Renal Disease

Figure 102.1 Renal transplant with end-to-side vascular anasto-
mosis and bladder implant.

TABLE 102.1
STEPS IN LIVING KIDNEY DONOR EVALUATION

1. Education/information: review outcomes and risks
2. Immunologic testing

(a) Human leukocyte antigen (HLA) typing
(b) Donor lymphocyte-recipient sera cross-match

3. Physical examination
4. Multiphasic blood/urine/pulmonary and cardiovascular tests
5. Re-review expected outcomes and donor/recipient risks
6. Radiography

(a) Donor intravenous pyelogram
(b) Renal angiogram or magnetic resonance angiogramUreter

Bladder

Bladder tunnel

Common Iliac Artery
and V ein
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■ Chronic: developing months-to-years post-transplant
and thought to be either effects of cumulative injury
from previous acute rejections or a slow vascular injury
from antidonor enothelial responses.

Younger individuals, women, patients with lupus, African
Americans, and noncompliant individuals are at higher risk
of rejection. Conversely, patients with IgA nephropathy
have a lower risk. If a patient who has rejected a first kidney
receives a subsequent kidney transplant, the immunologic
course of the first transplant often is repeated. Better cross-
matching and newer immunosuppressive drugs may im-
prove the outcomes for retransplanted patients.

In addition to the matching issues described previously, a
patient awaiting transplant may be difficult to match to
prospective living or cadaver donors because of increased
lymphocytotoxic antibodies. These antibodies occur in response
to pregnancies, blood transfusions, previous transplants, or
other antigenic exposures. Currently, there are no therapies to
reduce these tissue-reactive antibodies, so such patients sim-
ply must wait until an acceptable (and negative cross-match)
donor is available. Cross-matching in such circumstances
must be done carefully with multiple sera and sensitive tech-
nical methods to avoid early rejection and graft loss.

The recipient’s past and immediate pretransplant medi-
cal condition needs thorough review. Table 102.2 gives
an overview of various medical factors that are most im-
portant in determining a kidney transplant patient’s candi-
dacy (4). Elevated body mass index is associated with
increased morbidity (5). These medical factors include both
the presence of various systemic illnesses and features of
the patient’s primary renal disease. For example, patients
with certain primary renal diseases such as idiopathic focal
sclerosing glomerulonephritis, IgA nephropathy, and mem-
branoproliferative glomerulonephritis can have kidney-
transplant recurrence (6). The presence of hepatitis C in
the potential recipient must be thoroughly evaluated,
including with a liver biopsy (7). If cirrhosis is present,
transplant is contraindicated. Based on these considera-
tions and the patient’s pretransplant immune status, esti-
mates of patient and graft outcome can be provided. Over-
all renal-transplant graft and patient survival outcomes are
given in Table 102.3. More precise prognostication can be

done on a case-by-case basis given the individual patient’s
surgical, medical, and immunologic status.

Evaluation of a prospective renal-transplant patient
requires several steps. This evaluation is depicted in Figure
102.2. The evaluation is easier to complete if the transplant
is from a living donor, because planned timing of the trans-
plant means that the recipient’s preoperative condition can
be assessed and optimized. In contrast, the recipient on the
renal-transplant cadaver waiting list may be transplanted
several months or years (present average wait is 2–5 years)
after this first evaluation. A repeat evaluation usually is rec-
ommended if the precadaver renal-transplant waiting pe-
riod exceeds 2 years. This is in order to screen for later dis-
ease development while the patient remains on continued
dialysis. This time lag is in contrast to liver (Chapter 85) or
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TABLE 102.2
IMPORTANT FACTORS TO KNOW ABOUT
POTENTIAL KIDNEY-TRANSPLANT RECIPIENTS

Cause of chronic renal failure

Presence or absence of systemic illnesses
Diabetes mellitus
Vasculitis
Genetic disorders

Obesity (body mass index �30)

Vascular disease

Pulmonary
Chronic illnesses
Acute illnesses (pretransplant)

Gastrointestinal
Hepatitis B and C status
Previous ulcer disease
Diverticular disease
Biliary/pancreas diseases

Preceding neoplastic illness
May require a certain tumor-free interval and often needs tumor-

board clearance

Neuropsychiatric
Understanding and compliance issues (best screened with surro-

gate and social service inputs)

TABLE 102.3
KIDNEY-TRANSPLANT OUTCOMES

2-y patient 2-y graft 50% graft
Donor source survival, % survival, % survival, y

Cadaver 92 78 8–11
Living donor 96

Unrelated 88 12–15
Partial match 88 12–18
Full match (2-haplotype) 94 25–27
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Figure 102.2 Recipient evaluation and kidney transplant timing.

Assessment of recipient’s intellectual understanding,
insurance and finances, physical examination, and

social situation

Additional tests—screen for hepatitis and
cardiovascular disease, when appropriate

Present at clinical care
conference

If living donor accepted,
schedule live-donor

transplant

If acceptable, put
onto cadaver donor

waiting list
If transplant

declined, notify
patient

Cadaver transplant
if 6-antigen match
becomes available

If intercurrent
problems, take

off list

If not transplanted, re-evaluate patient every 1–2 years
1. Review interval problems
2. Review history and repeat physical examination
3. Rescreen serologies for hepatitis B/C
4. Consider repeat cardiac assessment

Call for cadaver
donor transplant

when organ is
available

Re-present
at selection
conference

If transplant
declined,

notify patient

If recovery,
back on list

heart and lung (Chapters 40 and 58) transplants, whose
recipients are transplanted much closer to the time of their
primary pretransplant evaluation. Of particular concern are
the various neoplasms that can occur in the population
undergoing renal dialysis. Patients should be screened for
these neoplasms, because transplant immunosuppression
may accelerate tumor growth.

Clinicians must understand the actions and toxicities of
various immunosuppressive drugs in order to manage
patients after renal and other organ transplantation (8–11).
The types of postrenal transplant immunotherapy are

shown in Table 102.4. These drugs have a variety of general
and agent-specific side effects, all of which may vary among
individuals. The major complications of this group of drugs
are infections (of both usual and opportunistic types) and
neoplasms. Neoplasms that occur more commonly after
transplant include lymphomas and other hematologic ma-
lignancies, epithelial cancers, and Kaposi’s sarcoma (12).
These and other drug complications are reviewed specifi-
cally in the remainder of this chapter. A detailed discussion
of infections in the immunocompromised host is con-
tained in Chapter 63.
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TABLE 102.4
IMMUNOSUPPRESSIVE AGENTS

Drug name generic
Drug group (brand) name Mechanism of action Drug interactions Major side effects

Corticosteroid Prednisone Anti-inflammatory with Anticonvulsants decrease Osteopenia, aseptic necrosis,
immunosuppressive effects immunosuppressive cataracts, hyperglycemia,
mediated by decreasing effects cushingoid features
cytokine gene activation

Antiproliferative Azathioprine Inhibits purine synthesis in Allopurinol potentiates Leukopenia, hepatic
(Imuran) both the de novo effect dysfunction (hepatitis and

and the salvage pathway cholestasis), pancreatitis,
alopecia

Mycophenolate Inhibits purine None Leukopenia, diarrhea,
mofetil (CellCept) synthesis duodenitis-gastritis,
(selective inhibition in the de novo increased risk of
of T- and B-cell pathway cytomegalovirus infection
proliferation)

Sirolimus (Rapamune) Inhibits proliferative Same as calcineurin Hyperlipidemia, diarrhea,
signal 1 inhibitors leukopenia,

thrombocytopenia 
interstitial pneumonia,
has no nephrotoxicity

Calcineurin inhibitors Cyclosporine Decreases cytokine gene Drugs that inhibit Nephrotoxicity, hepatotoxicity,
(Sandimmune, activation by inhibiting cytochrome P-450 hirsutism, gingival
Neoral) calcineurin (potentiate effects of hyperplasia,

nondihydropyridine hyperlipidemia
calcium channel blockers,
macrolide antibiotics)

Tacrolimus Same Drugs that induce Nephrotoxicity,
(Prograf) cytochrome P-450 reduce hepatotoxicity,

effects (isoniazid, neurotoxicity, 
rifampin, and hyperglycemia (especially in
anticonvulsants) African-American and

Hispanic patients), alopecia
Antilymphocyte Antilymphocyte Equine antilymphocyte None Leukopenia,

agents globulin polyclonal antibody thrombocytopenia, serum
(ATGAM) sickness

Rabbit Rabbit antithymocyte None Leukopenia,
antithymocyte polyclonal antibody thrombocytopenia, serum
globulin sickness
(Thymoglobulin)

OKT3 (Orthoclone) Murine anti-CD3 None Cytokine-release syndrome
monoclonal antibody (fever, chills, headache,

rarely acute respiratory
distress syndrome and
aseptic meningitis after
first dose), increased risk
of opportunistic infections
and lymphoma

Interleukin Basiliximab Chimeric anti-interleukin None No drug-specific side effects
2–receptor (Simulect) 2�–receptor monoclonal
blockade antibody (half-life 7 d)

Daclizumab Humanized anti-interleukin None No drug-specific side effects
(Zenapax) 2�–receptor monoclonal

antibody (half-life 20 d)
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CARE OF THE HOSPITALIZED PATIENT

Preoperative Management

Preoperatively, the prospective renal-transplant recipient
must be examined carefully to be sure that there are no car-
diorespiratory conditions precluding general anesthesia
(Chapter 30) and high-dosage initial post-transplant
immunosuppression. Patients with end-stage renal
disease are at high risk for atherosclerotic complications
and may have cardiac ischemia or dysrhythmia. Antilym-
phocyte immunosuppressives can be associated with post-
transplant acute respiratory distress syndrome, so left
ventricular function and volume status should be assessed
carefully by an echocardiographic study. Because of auto-
nomic dysfunction, many uremic patients cannot exercise
to a maximum heart rate, so persantine thallium stress tests
are utilized to screen for coronary artery disease. The recip-
ient should receive pretransplant dialysis to optimize the
preoperative electrolytes. Blood potassium levels below 5.5
mEq/L are mandatory for safe general anesthesia. In pa-
tients receiving peritoneal dialysis, peritoneal dialysate is
tested for cell count and differential, and a concentrate is
sent for Gram’s stain and culture to exclude latent peritoni-
tis. Assessment and treatment are coordinated closely with
the transplant surgeons and anesthesiologists. This evalua-
tion and care must be performed expeditiously in the case
of cadaver donor renal transplantation. Outside records
and periodic re-examinations by the transplant service help

with adequate and rapid preoperative assessments. The
cadaver donor kidney must be implanted within 72 hours
(preferably within 12–48 hours) after procurement, be-
cause prolonged preservation leads to severe delayed graft
function and technical loss.

Initial Postoperative Renal-Transplant Care

Postoperative renal-transplant care is done in close collab-
oration with the transplant surgical staff. Medical and
nephrology input is needed for management of a number
of clinical problems, especially delayed graft function,
hypertension, diabetes, respiratory distress, and cardiac
ischemic events or arrhythmias. The usual post-transplant
care of recipients for the first 7–14 days can be
directed along a clinical pathway developed after input
from both internists and transplant surgeons (Table
102.5). Superimposed complications, such as persistence
of renal failure resulting from delayed graft function or a
cardiac ischemic event, would alter the clinical pathway.

Before discharge, the patient’s outpatient care is coordi-
nated with the referring medical staff, home health agen-
cies, payors, and post-transplant care clinics. Because most
renal-transplant rejections occur in the first 3 months, it is
vital that follow-up recommendations be addressed thor-
oughly at the time of post-transplant discharge. Patients
with kidney transplants have an initial hospital stay of
7–10 days. An average of 5–10 days per year of hospital-
ization may be required for the first 2–5 years post-
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TABLE 102.5
POST-TRANSPLANT CLINICAL PATHWAY (EXAMPLE)

Day Surgical Medical Nursing

0 Surgical transplant Postoperative recovery Fluid
Initiate immunosuppression Floor vs. ICU Pain management

Monitor graft
1 Wound check Monitor transplant function As above

Monitor immunosuppression Dialyze, if needed Ambulate
2 As above As above As above

Medical management Start oral intake
(e.g., manage blood
pressure, diabetes)

3–4 As above As above As above
Discontinue Foley catheter Discontinue intravenous fluids

Educate
Review social services

5–6 As above As above As above
If delayed function, arrange Patient and family 

backup dialysis self-medicate
If normal, organize discharge Patient takes a “care test”

7–10 Discharge Discharge Arrange clinic and local follow-up
Communicate with primary Communicate with primary

physician and ancillary services physician and ancillary services

If prolonged operative time, early graft dysfunction, or early rejection, the timing of this pathway may need to be extended.
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transplant (typical problems are discussed below). Because
patients are more independent after transplant than during
dialysis, family conferences and instruction with the hospi-
tal-based staff are necessary so that patient understanding
and adherence can be encouraged.

Acute Renal Failure

One of the most common problems following renal trans-
plant is acute renal failure (ARF). Because recipients have a
solitary functioning kidney, surgical and urologic causes of
ARF must be excluded routinely. Occasionally, dialysis pa-
tients have normal urine outputs; these post-transplant pa-
tients may continue to have normal urine volumes despite
having severe transplant ARF. In addition, several patho-
physiologic processes may be superimposed (e.g., acute
rejection during initial delayed graft function) so that diag-
nostic transplant biopsy may be indicated more frequently
than in cases of ARF affecting the general medical patient
population (Chapter 100). The overall approach to renal
transplant ARF or delayed graft function is presented in
Figure 102.3.

Immediate Post-Transplant Acute Renal Failure

If the grafted kidney fails to function post-transplant (a
situation seen with 10%–40% of cadaver donors, and
1%–5% of living donors), early diagnostic tests must be
done to exclude obstruction, leak, or vascular thrombosis.
These usually include renal isotope scans or transplant
ultrasound with Doppler flow studies. Abnormalities
showing urologic or vascular problems dictate surgical 
re-exploration.

Hyperacute rejection occurs rarely, and graft thrombosis
may occasionally develop in hypercoaguable patients,
requiring that the infarcted allograft be removed. More
commonly, delayed graft function is on the basis of initial
post-transplant acute tubular necrosis and, in the case of cadaver
donation, reflects procurement renal hemodynamic changes
as well as injury during preservation time. Recipients of
cadaver transplants from the same donor usually both
develop delayed graft function, demonstrating the influence
of cadaver-procurement issues on the probability of success.

Early Post-Transplant Acute Renal Failure (One
Week to Three Months)

One week to three months is the most common time frame
in which post-transplant ARF presents a diagnostic
dilemma. ARF may be superimposed on delayed graft func-
tion or may occur after good initial graft function. Al-
though change in serum creatinine is an imperfect measure
of altered glomerular filtration rate, its use is standard be-
cause of its wide availability. Its utility can be maximized
by having the blood tested at a similar time of day with
steady-state degrees of exercise, activity, and diet.

Post-transplant pyelonephritis frequently causes a degree of
ARF, because the infection is in a solitary kidney. The post-
transplant patient with ARF secondary to pyelonephritis
usually has both local and general symptoms.

After measuring cyclosporine or tacrolimus levels, test-
ing should turn to evaluating the possibility of transplant
prerenal and postrenal failure. Because of the solitary trans-
plant kidney, imaging studies are ordered much more com-
monly than in native kidney settings of ARF. Surgical
consultation is necessary if these studies show obstruction,
urinary leak, or possible arterial stenosis. Many times, in-
terventional radiologists can provide temporary relief with
stents, but the therapeutic approach needs to be reviewed
by the transplant surgical staff.

Most cases of early post-transplant ARF require either
drug modification (lowering of cyclosporin or tacrolimus
dosages) or alterations in immunotherapy. Sonographi-
cally directed renal-transplant biopsies are standard and
clinically safe. Based upon the biopsy results (Figure
102.3), the diagnosis of post-transplant ARF may be made
with precision, and appropriate therapy can be rendered.

Late Post-Transplant Acute Renal Failure
(Longer Than Three Months)

Post-transplant acute renal failure occurring after 3 months
usually is diagnosed by a confirmed change in serum creati-
nine. Of note, any significant change in the degree of phys-
ical exertion may elevate serum creatinine without neces-
sarily representing ARF. The approach to ARF in this time
frame initially may be carried out in the outpatient setting.
Allografts in patients receiving cyclosporine or tacrolimus
are very sensitive to renal blood flow alteration. Such grafts
often develop prerenal azotemia in the setting of fluid losses
and dehydration and recover well with intravenous volume
resuscitation. In addition, late acute rejections may present
as asymptomatic ARF in the setting of drug noncompliance
or several weeks after a flu-like illness. Follow-up laboratory
tests should be obtained after any viral illness. Recently,
many cases of a BK polyomavirus infection of the renal graft
have been observed, often progressing to full transplant
failure (13). Patients have no systemic symptoms or signs.
There is no known effective treatment.

Drug toxicity also can lead to ARF. Patients may be very
sensitive to nonsteroidal anti-inflammatory drugs and de-
velop ARF after their use. Post-transplant ARF may be
caused by the use of angiotensin-converting enzyme in-
hibitors, especially if there is concurrent renal-transplant
artery stenosis. Hospitalization becomes necessary to per-
form diagnostic biopsies or for urologic or vascular recon-
structive procedures. Late postrenal transplant ARF can
occur during hospitalization for transplant pyelonephritis,
as a consequence of contrast dye used for angiographic
studies (often needed because so many patients have
atherosclerosis), or from significant sepsis or pancreatitis
producing late post-transplant acute tubular necrosis.
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Figure 102.3 Approach to renal transplant patients with acute renal failure (ARF). ACE, an-
giotensin-converting enzyme; CSA, cyclosporine; DGF, delayed graft funtion; IV, intravenous; PTLD,
post-transplant lymphoproliferative disease; Sono, renal sonogram; TAC, tacrolimus.
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Fever

Certain features should be emphasized in considering fever
in the renal-transplant recipient. First, uremic patients may
not exhibit normal temperature curves; they may even be
hypothermic if infected. Second, immunosuppression may
reduce pyrexis, as well. Foremost among potential causes of
fever in the hospitalized transplant patient is infection. In
the first month, bacterial infections are most common.
Thereafter, the most common infection causing fever is cy-
tomegalovirus, either as an isolated febrile syndrome or
with tissue site infection. Infection always must be consid-
ered in any ill renal transplant recipient; an approach is
detailed in Chapter 63. A chest radiograph should be
obtained, because there is often a paucity of auscultatory
findings despite pneumonia. In addition, drugs and noso-
comial infections are in the differential diagnosis of fever.
Attention must be paid to in situ intravascular catheters or
retained peritoneal dialysis catheters. If these are present,
surgeons should be consulted for their removal, if possible.

With current immunosuppressive regimens, acute rejec-
tion rarely is associated with fever. More often, febrile
patients with post-transplant ARF have transplant
pyelonephritis. However, “end-stage” rejection that occurs
after the patient has returned to dialysis can present with
fever, cachexia, weight loss, anemia, hematuria, and graft
discomfort. These patients require hospitalization, surgical
consultation, and transplant nephrectomy, with medical
and dialysis supportive management.

Abdominal Pain

Patients with abdominal pain require early surgical consul-
tation because there may be a paucity of physical examina-
tion findings in the setting of immunosuppression. Some
of the conditions causing abdominal pain are transplant-
related and include urinary leak, pyelonephritis, perirenal
trauma and hematoma, renal artery aneurysm, and internal
hernia into the iliac fossa. Because kidney transplants are
denervated, transplant renal stones are painless. Pain unre-
lated to the graft can be caused by biliary (Chapter 84) and
pancreatic (Chapter 86) diseases (which occur at a higher
incidence in this population), ulcer disorders (Chapter 80),
acute reflux esophagitis (Chapter 79), and diverticulitis
(Chapter 87). In the renal-transplant patient whose pri-
mary renal disease resulted from adult-onset polycystic kid-
ney disease, pain may be caused by bleeding into native
kidney or liver cysts. Finally, patients with preceding peri-
toneal dialysis are at higher risk for peritoneal adhesion
and intestinal obstruction.

Respiratory Distress

Renal-transplant patients may be hospitalized with respira-
tory distress. In a high percentage of these cases, chest ra-
diographs indicate either a diffuse, segmental, or nodular

pattern providing clues to an infectious cause. Pulmonary
consultation should be obtained. The diagnostic and ther-
apeutic approach is detailed in Chapter 63. In addition,
there is a higher incidence of pulmonary emboli in trans-
plant patients, particularly if there is post-transplant ery-
throcytosis or if the patient has been inactive. The embolic
source may be in the pelvic venous plexus. If so, the patient
generally has no peripheral deep venous findings. The
approach is the same as with other patients with pul-
monary embolus (Chapter 53). If an inferior vena caval fil-
ter is indicated, the surgical transplant staff should be con-
sulted along with interventional radiology. The filter
should be placed via the femoral vein opposite the renal
transplant if possible.

Altered Mental Status

Encephalopathy can occur soon after the transplant
and usually is associated with high-dosage steroids or ad-
ministration of OKT3. This is especially common in older
recipients, in whom psychosis is accompanied by visual
hallucinations. If there are profound post-transplant
alterations in electrolytes (e.g., declines in serum calcium,
phosphorous, or magnesium levels), lethargy can occur.
Occasionally, either cyclosporine or tacrolimus can lead
to early idiosyncratic central nervous system effects that
are unrelated to drug levels. These psychotic responses are
reversible over days after drug substitution. In addition,
both drugs rarely are associated with central nervous symp-
toms in the late post-transplant period. These patients may
have white matter changes on CT scan, which usually are
discovered during evaluation of encephalopathy or other
neurologic complaints.

New psychological or cognitive symptoms in the long-
term transplant patient should be taken seriously. Impor-
tant in the differential diagnosis are central nervous system
neoplasms (especially lymphoma), infectious meningitides
(fungal or parasitic), or progressive leukoencephalopathy.
Urgent cerebral imaging study, lumbar puncture, and neu-
rologic consultation all should be considered.

Hypertensive Emergency

Although hypertension is common post-transplant, only
rarely do patients require hospitalization for a severe exac-
erbation of hypertension. It is important to inquire about
cessation of or noncompliance with previously prescribed
antihypertensive regimens (Chapter 48 discusses standard
management). The patient’s transplanted kidney should be
auscultated for the presence of a bruit. In addition, ultra-
sonography may reveal the development of renal artery
stenosis (which is more common if an end-to-end arterial
anastomosis was performed) or the development of a uro-
logic transplant obstruction. In either case, the transplant
surgical staff should be consulted, and operative or percu-
taneous interventional therapy provided.
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KEY POINTS

■ Because of advances in immunosuppressive and surgical
techniques, renal transplantation is becoming more
common, and patients, therefore, are encountered more
frequently in general clinical practice.

■ Post-transplant patients all have solitary kidneys, so ra-
diographic studies are often indicated to assess trans-
plant complications.

■ Transplant patients are highly sensitive to states of renal
hypoperfusion, especially because of volume depletion
or the use of concomitant nonsteroidal or angiotensin-
converting enzyme inhibitor.

■ Other problems may be associated with immunosup-
pressive drug side effects, systemic complications, or the
patient’s underlying renal disease.

■ Close communication with the patient’s transplant cen-
ter is helpful because pre- and perioperative factors may
be correlated with later events.
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Renal Stone Disease

and Obstruction
David S. Goldfarb Fredric L. Coe

INTRODUCTION

The anatomy of the urinary tract can be divided into the up-
per tract, composed of the ureters and the kidneys, and the
lower tract, composed of the bladder and the urethra. Ob-
struction by kidney stones tends to occur at sites of relative
narrowing, where stones can become impacted. The renal
calyces drain into the renal pelvis via a narrow infundibu-
lum, and focal calyceal dilatation can occur if the in-
fundibulum is obstructed. Beyond the calyces, common
sites of stone impaction include the ureteropelvic junction,
the distal third of the ureters (where they are crossed by
large blood vessels), the ureterovesical junction, and the
bladder neck or proximal urethra.

At least 80% of kidney stones contain calcium. Most of
these are composed mostly of calcium oxalate, and a
smaller proportion are predominantly calcium phosphate.
Stones composed predominantly of calcium phosphate
suggest the diagnoses of hyperparathyroidism and renal
tubular acidosis. Uric acid, struvite, and cystine stones com-
pose the rest. Stones occur more often in men than in
women, at a ratio of 2:1. A synopsis of the pathophysiology
of renal stone formation is presented in Table 103.1 (1).

The presentation of renal obstruction resulting from
kidney stones is often relatively easy to diagnose. In fact,
the patient often already has made the diagnosis at the time
of presentation. Internists, emergency-room physicians,
and urologists most frequently see the patient at that point
and need to make decisions about the need for diagnostic
testing, hospitalization, and requisite medications. Deci-
sions about utilization of modalities to remove stones that
do not pass spontaneously from the urinary tract are made
most often by urologists. Stone disease today usually is
managed in the outpatient setting. Renal obstruction re-

sulting from causes other than stones generally is more in-
sidious in onset and more likely to require admission for
diagnosis and management. However, stones sometimes
can cause painless obstruction that damages the kidney.
Whatever the cause, the more rapidly obstruction is
relieved, the more likely is complete recovery of the pre-
morbid glomerular filtration rate. A delay in relief of ob-
struction, especially in the setting of infection, is likely to
lead to irreversible loss of kidney function.

CLINICAL PRESENTATION

The vast majority of patients with obstructing kidney stones
present with renal colic. This syndrome usually is character-
ized by sudden onset of flank pain that radiates anteriorly
and downward into the scrotum or labia as the stone moves.
At first the pain is usually modest; with continued ureteral
contractions, it worsens and then remains steady after
reaching a plateau of severity. The evolution from onset to
plateau typically takes 30 minutes. The patient may describe
the pain as the worst he or she has ever experienced. Nausea
and vomiting may accompany the pain. When a stone
passes, relief of pain is sudden and complete.

About 40% of patients have a family history of
nephrolithiasis, so this specific history has some positive
predictive value. Gross hematuria is noted in many cases,
but microscopic hematuria is neither very sensitive nor spe-
cific for diagnosing ureteral obstruction caused by stones
(2). If hematuria is defined as more than five red blood
cells per high-power field, urinalysis has a sensitivity of
67% and a specificity of 66%. Using definitions of hema-
turia that require fewer red blood cells per high-power field
increases sensitivity but significantly reduces the specificity
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of the finding. Crystalluria is not specific for stone disease,
although in the setting of proven stones, the nature of the
crystals usually correlates with stone composition.

Obstruction by other causes rarely results in the syn-
drome of renal colic. These cases can be divided into ob-
struction of the lower and upper urinary tracts. Lower-tract
obstruction refers to the bladder neck or urethra. Renal
failure is an unusual manifestation of lower-tract cases, be-
cause symptoms of obstruction and bladder irritation usu-
ally lead to medical attention before the ureterovesical
valves become incompetent. Patients almost always com-
plain of acute urinary retention, diminished strength of
urinary stream, dribbling, low-volume polyuria, and noc-
turia long before renal failure occurs. In men, benign pro-
static hypertrophy and prostate cancer account for almost

all such cases. In women, this syndrome is much less com-
mon on an anatomic basis but can be caused by large uter-
ine fibroids, pelvic carcinomas, or occasionally urethral
strictures. If renal failure does occur because of outflow ob-
struction, the bladder hypertrophies, and for a long interval
the kidneys are protected by competent ureterovesical
valves. As the bladder wall dilates, the valves become in-
competent and renal damage occurs.

Renal failure as a result of lower-tract obstruction more
commonly occurs in patients with loss of normal bladder
sensation (e.g., in diabetes), bladder sphincter dysfunction
(in Parkinson’s disease or multiple sclerosis), or spinal cord
injury affecting bladder motor segments. Overdistention
and smooth muscle decompensation follow. Complete in-
terruption of sensory and motor pathways to and from the
spinal cord after trauma results in a reflex neurogenic blad-
der. In this case, the bladder empties well reflexively, and
the ureterovesical valves are intact. Nevertheless, chronic
catheterization is necessary because of incontinence and
sphincteric dysfunction, and this leads to infection and
struvite stones. Renal failure may ensue. Lower tract ob-
struction caused by unnoticed urinary retention also occurs
in patients with moderate-to-severe dementia.

Upper urinary tract obstruction from lesions other than
stones is often chronic and fails to evoke ureteral contrac-
tions. It is therefore most often, silent, without the pain and
colic of stone disease. Most often, such patients present with
vague discomfort or are diagnosed only when their other
medical problems lead them to seek evaluation. Asymp-
tomatic renal obstruction may be found in the patient being
evaluated for any number of malignancies, particularly lym-
phoma, colon cancer, and bladder tumors. Renal failure is
unusual because this requires obstruction of two kidneys. It
tends to occur only with the bulkiest tumors, or with signif-
icant retroperitoneal lymphadenopathy or fibrosis. About
0.1% of people have only one kidney, either on a congeni-
tal basis or resulting from surgery. Such patients are at
greater risk for renal failure caused by obstruction. Stone
disease easily may cause renal failure in this setting.

Differential Diagnosis and Initial Evaluation

The differential diagnosis of flank pain and colic is detailed
in Table 103.2. The classic syndrome of renal colic also may
be the initial presentation of pyelonephritis (Chapter 68).
Confusion can result from the ability of obstructing stones
to lead to concomitant urinary tract infection. The key dis-
tinguishing feature is that neither fever nor pyuria are signs
of stone disease unaccompanied by infection. Urine is ster-
ile in the case of most stones, except for struvite stones,
which arise after infection with urease-producing organ-
isms such as Proteus spp. and are often associated with
urine pH values greater than or equal to 8. However, these
stones are less likely to produce the syndrome of acute re-
nal colic. Although renal colic may cause leukocytosis, high
white blood cell counts (�12,000 cells/�L) suggest infec-
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TABLE 103.1
CAUSES OF KIDNEY STONE FORMATION

Calcium stones

Low urine volume

Hypercalciuria
With hypercalcemia

Primary hyperparathyroidism
Sarcoidosis

Normal serum calcium
Increased intestinal

absorption
Decreased renal 

re-absorption
Increased release from bone
Metabolic acidosis
Increased protein and salt

ingestion
Decreased renal phosphate

re-absorption

Uric acid stones

Low urine pH
Idiopathic
Chronic intestinal disease
Associated with gout
Renal insufficiency
Hyporenin, hypoaldosteronism
Diabetes mellitus
Obesity

Struvite stones

Infection with urease-producing organisms

Cystine stones

Cystinuria

Drugs (partial list)

Indinavir Sulfonamides Topiramate
Triamterene Acyclovir Felbamate

Hyperoxaluria
Idiopathic
Dietary
Primary (enzymatic 

defects)

Hypocitraturia
Idiopathic
Metabolic acidosis
Renal tubular acidosis
Diarrhea/ileostomy (also 

causes low urine volume)
Acid loads (e.g., protein 

ingestion)

Hyperuricosuria
Gout
Increased purine ingestion

Low urine volume
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tion. Papillary necrosis occurs with pyelonephritis (particu-
larly in the setting of diabetes), analgesic nephropathy, and
sickle-cell disease or trait. The syndrome may cause renal
obstruction as papillae lodge at the ureterovesical junction.
Without radiologic studies, this condition may not be read-
ily distinguishable from stone disease causing obstruction.
Renal infarction can present with flank pain and hematuria.
This diagnosis should be suspected in patients with atrial
fibrillation, hypercoagulability, cocaine use, or vasculitis,
and is usually associated with elevated serum and urine lac-
tate dehydrogenase levels, with isoenzyme one level greater
than that of isoenzyme 2.

Diagnosing obstruction by stones is often straightfor-
ward in the patient with the appropriate history, 
hematuria, and a plain radiograph of the abdomen that
demonstrates a radio-opaque stone. Even with a clear-cut
diagnosis, management decisions still may require more
elaborate imaging studies such as ultrasound, computed
tomography, or intravenous pyelogram to define urinary-
tract anatomy. These studies also are indicated if the his-
tory, examination, and laboratory data do not lead to an
obvious diagnosis of nephrolithiasis. Plain radiographs

do not disclose radiolucent stones and cannot diagnose
obstruction resulting from other causes besides stone
disease.

The dominant test in diagnosing and managing stone
disease has traditionally been the intravenous pyelogram.
The risk of nephrotoxicity despite the use of nonionic
contrast agents, and the relative ease and speed of helical
computed tomography, have diminished the intravenous
pyelogram’s role (3). Helical, or spiral, computed tomog-
raphy has the advantages of being much faster than other
tests (it can be completed in 5 minutes) and not requiring
intravenous or oral contrast. Both its sensitivity and speci-
ficity are superior to ultrasound and IVP. The cost of CT is
falling and now approaching that of IVP. Radiolucent uric
acid stones (which appear as filling defects in IVPs) can be
visualized directly by helical computed tomography and
distinguished from intraluminal clot, tumors, and other
obstructing masses. Ultrasound may miss stones causing
obstruction, especially in the lower ureter, but the test does
detect hydronephrosis well.

For obstruction resulting from causes other than
stones, the diagnosis of lower urinary tract obstruction
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TABLE 103.2
DIFFERENTIAL DIAGNOSIS OF FLANK PAIN/RENAL COLIC

Condition Distinguishing diagnostic features

Common causes of flank pain

Stones Hematuria is common (but not invariable), normal-to-slightly
high WBC, absence of fever; onset of pain is acute, not
positional

At the ureteropelvic junction Flank pain predominates
At the crossing iliac vessels Flank pain with radiation to genitalia
At the ureterovesical junction Voiding symptoms, radiation to genitalia
At the bladder neck Anuria, suprapubic discomfort

Pyelonephritis Fever, leukocytosis, pyuria; onset of pain is more subacute,
more constant; WBC casts

Nephrolithiasis and infection Features of both stones and pyelonephritis

Unusual causes of flank pain

Renal infarction In setting of atrial fibrillation, dilated cardiomyopathy,
hypercoagulable states, polyarteritis nodosa, cocaine use

Acute interstitial nephritis In setting of drug use associated with syndrome; rash, fever,
pyuria, eosinophilia

Acute glomerulonephritis In setting of streptococcal infection; hematuria, proteinuria,
RBC casts

Renal vein thrombosis In setting of nephrotic syndrome, especially membranous 
nephropathy; hypercoagulable states

Non-nephrologic/non-urologic causes

Ovarian cysts, torsion
Ectopic pregnancy
Diverticulitis
Intestinal obstruction
Appendicitis

RBC, red blood cell; WBC, white blood cell count.
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should be considered in patients with symptoms of void-
ing difficulties. The differential diagnosis is reviewed in
Table 103.3. The physical examination should focus on
the rectal examination in men, looking for prostatic hy-
pertrophy and carcinoma. Women should undergo pelvic
examination. The bladder may be distended and palpable
as a large suprapubic mass. After the patient voids (as-
suming anuria is not present), suprapubic ultrasound can
estimate the postvoiding residual volume. If this modality
is not available, a Foley catheter should be placed and the
postvoid residual volume estimated. If the residual vol-
ume is less than 250 ml, the catheter should be removed.
Although volumes of less than 150 mL normally are ex-
pected, volumes less than 1 L are unlikely to be associated
with renal failure.

Upper urinary tract obstruction is readily diagnosed
by ultrasound. This is a safe, relatively inexpensive, and
sensitive (98%) test for this diagnosis (3). False negative
results, such as in cases of obstruction of such short dura-
tion that the finding of hydronephrosis is not evident, or
in conditions such as retroperitoneal fibrosis, in which
ureteral entrapment prevents the development of hy-
droureter despite obstruction, are highly unusual. The
ability of ultrasound to disclose the exact cause and loca-
tion of obstruction is limited by its poorer visualization of
the ureters and pelvis. The test’s specificity (78%–90%)
also is diminished by hydronephrosis not caused by ob-
struction (e.g., pregnancy and diuresis) and lesions with
similar radiographic presentation, such as renal sinus cysts
(4). For all of these reasons, helical computed tomogra-
phy may soon supplant the intravenous pyelogram and
ultrasound in visualization of the urinary tract (5). Mag-
netic resonance imaging is expensive, of no proven utility
in the diagnosis of urinary tract obstruction, and does not
visualize stones well.

ISSUES AT THE TIME OF ADMISSION

Indications for Hospitalization

One review indicates that up to 98% of stones smaller than
5 mm in diameter, especially those in the distal ureter, pass
spontaneously (6). Stones greater than 7–8 mm have less
than a 20% chance of spontaneous passage. These figures
should contribute to the decision regarding observation,
hospitalization, or immediate intervention. Controlled tri-
als have demonstrated that passage of distal ureteral stones
can be facilitated by administration of steroids to reduce
ureteral edema and nifedipine or tamsulosin to reduce
ureteral spasm (7). These trials have been performed in
outpatients; whether such regimens could reduce hospital-
izations is not clear.

Patients with urinary tract infection and obstruction
are at risk for renal parenchymal damage and urosepsis
and, therefore, should be hospitalized. Relief of obstruc-
tion should be accomplished rapidly by urologic or inter-
ventional radiologic intervention, and parenteral antibi-
otics should be administered. Although renal colic often
is manageable in outpatients with oral medication, in-
tractable pain, accompanied by nausea and vomiting,
also leads to hospitalization. Patients with higher grades
of obstruction are more likely to lose renal function over
time if obstruction is unrelieved. Larger stones are
less likely to pass and more often lead to hospitaliza-
tion. Anatomic anomalies, such as horseshoe kidneys 
or duplicated collecting systems, also impede sponta-
neous stone passage and may support the admission deci-
sion. Renal failure of a degree approaching the need for
dialysis arising from bilateral obstruction, or from ob-
struction of a solitary kidney, is always an indication for
admission.
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TABLE 103.3
DIFFERENTIAL DIAGNOSIS OF LOWER URINARY TRACT OBSTRUCTION

Lower-tract obstruction Distinguishing diagnostic features

All causes Suprapubic pain; voiding symptoms: low-volume polyuria,
nocturia, diminished stream, dribbling, progressing to
anuria

Specific disorders
Prostatic hypertrophy Smooth, symmetrical, firm gland
Prostatic cancer Nodular, asymmetrical, hard gland
Cervical/uterine cancers Appropriate pelvic examination
Bladder stones History of stone, occasional hematuria, often associated

with prostatic hypertrophy
Urethral stricture/bladder Difficult passage of Foley catheter

neck stenosis
Neurologic diseases (e.g., Appropriate neurologic history, examination 

spinal-cord injury)
Pain Postoperative or posttraumatic
Hysteria
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Patients with urinary retention resulting from benign
prostatic hypertrophy relieved by catheterization need not
be admitted if adequately instructed regarding the use of a
drainage bag. Definitive therapy can include immediate in-
stitution of �-blockers leading to a trial of catheter removal.
If this fails, surgery or other ablative therapies for benign
prostatic hypertrophy may be required.

Indications for Initial Intensive Care
Unit Admission

Acute renal obstruction rarely requires ICU admission. ICU
monitoring is prudent if the sepsis syndrome (Chapter 26)
is present. Urinary tract infection proximal to an obstructed
ureter can lead to pyonephrosis, which in turn is associated
with pyelonephritis, papillary necrosis, and destruction of
renal parenchyma, with progressive loss of kidney func-
tion. Renal failure resulting from bilateral obstruction, or
obstruction of a single kidney, may be an indication for
ICU admission if severe complications develop, such as re-
fractory hyperkalemia, metabolic acidosis, circulatory con-
gestion, or deteriorating mental status caused by uremia
(Chapter 100). If such effects cannot be reversed rapidly by
prompt relief of obstruction or by dialysis, ICU manage-
ment of these complications may be needed.

Initial Therapy

The choices for pain relief of renal colic are nonsteroidal
anti-inflammatory drugs (NSAIDs) or opiate agonists. Both
have advantages and disadvantages (Chapter 18). One ran-
domized trial demonstrated that ketorolac was slightly su-
perior to morphine for renal colic, with better pain control
and faster discharge from the emergency room (8). The
sedative properties of opiates make them less desirable for
patients who are not admitted or who are discharged with
stones still in place. Opiates in general, and meperidine
specifically, can cause nausea, vomiting, and constipation.
Meperidine also is contraindicated in renal failure because
accumulation of its renally-cleared metabolite normeperi-
dine has been associated with seizures. Morphine also has
a glucuronide metabolite that accumulates in renal insuffi-
ciency and can be toxic when it accumulates in neurons.
NSAIDs such as ketorolac provide effective, nonsedating
analgesia and diminish ureteral motility, but have the dis-
advantages of causing gastric irritation (particularly in the
elderly) and diminished renal function (particularly in
those with extracellular fluid volume depletion or other
causes of renal insufficiency). They are also more expensive
than opiates. Antibiotics should be administered in any pa-
tient with evidence or suspicion of infection. The most
common organisms in patients who are not immunosup-
pressed and have not received multiple courses of antibi-
otics are Gram-negative rods, such as Escherichia coli, Pro-
teus spp., and Klebsiella spp., and the enterococci. Chapter
68 suggests empiric antibiotic regimens.

Attention to repletion of intravascular volume in the pa-
tient with nausea and vomiting, and correction of elec-
trolyte derangements associated with acute renal failure,
are addressed in Chapters 100 and 104. Administration of
saline and forced diuresis have not been shown to increase
likelihood of spontaneous stone passage and may increase
intra-ureteral pressure and pain.

Indications for Early Consultation

Most patients with small stones (5 mm or less) can be
managed with analgesia as appropriate and without uro-
logic consultation. Larger stones are associated with a pro-
gressively smaller likelihood of spontaneous passage. A
urologist must evaluate such patients in anticipation of a
definitive intervention. Any patient requiring hospitaliza-
tion for a large stone, accompanying infection, renal fail-
ure, or with a solitary kidney should be seen by a urologist
as quickly as possible. Urology consultation should also be
sought for patients with urinary retention and significant
postvoid residual volumes.

For patients with acute renal failure, consultation with a
nephrologist in anticipation of possible dialysis is generally
prudent, particularly in cases complicated by uremia and
more severely deranged serum electrolyte concentrations.
In many cases, dialysis may be obviated by prompt treat-
ment to relieve obstruction, which produces an immediate
improvement in renal function.

ISSUES DURING THE COURSE
OF HOSPITALIZATION

The key decisions during the first hospital day involve
choosing a means to relieve renal obstruction. In the case
of lower-tract obstruction, it is easily relieved by placing a
Foley catheter. Larger catheters (22 or 24 Fr) with coudé
tips may allow passage past an enlarged prostate. If this is
not possible, a urologist needs to perform suprapubic cys-
tostomy. �-blockers (e.g., terazosin or tamsulosin) can be
started immediately if prostatic obstruction is present. For
upper-tract obstruction, options include passing a retro-
grade stent into the ureter via cystoscopy, passing a percu-
taneous nephrostomy tube with antegrade passage of a
stent, or prompt removal of an obstructing stone by percu-
taneous nephrolithotomy, extracorporeal shock-wave
lithotripsy (ESWL), or ureteroscopy. If a stent is passed via
cystoscopy, pain and infection can occur and more defini-
tive therapy can be scheduled in the outpatient setting.
Open surgery for stone disease is almost never required.
Long-term management of obstruction that cannot readily
be relieved, such as bilateral obstruction caused by ad-
vanced carcinoma of the bladder, may require urinary di-
version such as construction of an ileal conduit.

On day 2, after obstruction in patients with bilateral ob-
struction and renal failure is relieved, an immediate
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improvement in renal function should occur. A poor
prognostic feature is if little recovery has occurred after
2–3 days. A postobstructive diuresis often accompanies the
fall in creatinine. Extracellular fluid volume must be as-
sessed carefully to ensure that the patient does not become
volume-depleted. Though recommendations often are
made to replace a certain proportion of the urine volume,
it is preferable to monitor the patient’s requirements by
monitoring for signs of extracellular fluid volume deple-
tion. If necessary, hypotonic fluid administration (e.g.,
0.45% normal saline) can be used to replace some propor-
tion of the urinary losses.

On subsequent days, diagnosis of specific causes of ob-
struction should be made if not previously established, and
therapy instituted for the underlying disorder, if possible.

DISCHARGE ISSUES

Patients with stones still in place can be discharged if pain and
obstruction are largely relieved and infection, if present, is un-
der control (e.g., resolution of fever and leukocytosis).
Definitive treatment of stones remaining in the urinary tract
can be scheduled on an outpatient basis if these criteria
are met. Mild pain still may be present but should be
manageable with either NSAIDs or lower doses of oral opi-
ates. The patient’s ability to function normally and go to work
or school on such a regimen should be taken into account be-
fore delaying definitive treatment. Patients with stents in
place may be troubled by flank pain, because voiding causes
urinary reflux, or by urinary frequency caused by bladder irri-
tation. A string may be left exiting from the urethra to allow
easy removal of the stent in the office without cystoscopy.

Patients should be given a strainer for screening urine for
passed stones or fragments if none have been recovered
by the time of discharge. This allows stone analysis to be
done and confirms passage of stones and fragments. Stone
analysis is very inexpensive and can produce insight into the
patient’s pathophysiology.

Dietary recommendations on discharge of patients with
nephrolithiasis can await definitive evaluation of the uri-
nary chemistries. However, certain dietary advice is always
appropriate (9). Restriction of protein intake to 8 ounces
each day should be stressed. This reduces urinary calcium,
uric acid, and cystine excretion and increases urinary citrate
excretion and urine pH. Restriction of salt intake also can
reduce calcium, uric acid, and cystine excretion, and it re-
duces hypokalemia caused by thiazides. Dietary oxalate ac-
counts for a variable proportion of urinary oxalate, but
even small reductions may significantly reduce calcium ox-
alate supersaturation. Restriction of calcium intake has not
been shown to prevent stone recurrence and may lead to
bone demineralization. In patients with hypercalciuria,
there is nearly a 50% reduction in stone recurrence when
patients ingest 1200 mg of elemental calcium accompanied
by decreased dietary salt, protein, and oxalate, compared

with patients eating an oxalate-restricted diet containing
only 400 mg of calcium per day (10).

Patients with benign prostatic hypertrophy may be
treated with �-blockers. These drugs improve voiding
symptoms but can be associated with orthostasis, particu-
larly with the first dose. Patients should be instructed to
take the first dose at night in bed to minimize the inci-
dence of syncope. The drug can be started while a Foley
catheter is still in place, and the patient can be discharged
if voiding is then possible. If �-blockers are ineffective,
transurethral resection of the prostate may be indicated.

Patients with obstructive renal failure may be discharged
after nephrostomies are removed, if possible, and after in-
ternal stent placement. Alternatively, they may go home
with the nephrostomy draining externally. This may be
painful and require analgesia. Patients require instruction
on the proper care and maintenance of the tube and site
and may need assistance. Postobstructive diuresis may per-
sist for several days. Patients should not be discharged if
they still require intravenous fluids to replace inappropri-
ate urinary sodium losses.

ASSESSMENT AND MANAGEMENT
OF THE PATIENT PRESENTING
WITH RENAL OBSTRUCTION
DURING HOSPITALIZATION

Patients who develop acute renal failure while hospitalized
most commonly have acute tubular necrosis, disorders of re-
nal perfusion (“prerenal renal failure”), and nephrotoxic ef-
fects of radiocontrast, aminoglycosides, or NSAIDs (Chapter
100). If no other explanation is readily apparent, the possi-
bility of obstruction is worth investigating. Most patients
with other diagnoses may be oliguric or nonoliguric, but
anuria is rare. Anuria does occur with complete obstruction.
If voiding symptoms or a palpable bladder are detected, the
postvoiding residual volume should be estimated by ultra-
sound or directly measured by a Foley catheter. The catheter
should be left in only if a significant postvoiding residual
volume is detected, because it otherwise constitutes a sub-
stantial risk for urinary tract infection. Ultrasound of the kid-
neys should be performed if a diagnosis still is not apparent.

Intratubular obstruction resulting from crystal forma-
tion in nephrons can cause renal failure often accompanied
by bilateral flank pain. Hydronephrosis is absent in such
cases. Urinalysis can disclose acid urine pH and uric-acid
crystals associated with urate nephropathy. This most often
occurs after chemotherapy for bulky lymphomas or chronic
lymphocytic leukemia. Sulfa crystals can cause a similar
syndrome, although usually this is seen if sulfadiazine is
given in larger doses. Acyclovir causes renal dysfunction via
a similar mechanism in patients receiving high doses intra-
venously. The protease inhibitor indinavir can also present
with renal insufficiency, crystalluria, or stones; such stones
are not visualized by CT scanning.
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The underlying diagnosis for which the patient is hospi-
talized should be considered in formulating a differential
diagnosis of acute renal failure. Cancer of the colon, cervix,
prostate, and bladder, and lymphomas are the most
common causes of extrinsic obstruction of the urinary tract.
Inflammatory diseases such as Crohn’s disease and en-
dometriosis can cause obstruction, as can surgical compli-
cations and aneurysms of the aorta or iliac vessels. The eval-
uation should be similar to that in patients first seen as
outpatients.

COST CONSIDERATIONS AND
RESOURCE USE

Patients with symptomatic stones can be treated as outpa-
tients once they are pain-free and obstruction has been re-
lieved. In managing stone disease, the choice among ESWL,
ureteroscopy, and percutaneous nephrolithotomy is based
mostly on technical issues, reviewed in part in Table 103.4.
ESWL initially may be less expensive if the procedure is suc-
cessful. However, second-generation ESWL machines are
somewhat less powerful than their predecessors, so that effi-
cacy is lower, though less intense sedation is required. Cal-
culation of expense then must take into account the possi-
bility of multiple courses of therapy. On the other hand, use
of these machines does not require much anesthesia and
should allow outpatient therapy. Percutaneous nephrolitho-
tomy and ureteroscopy both are more likely to be successful
with a single course, though both require greater skill (11).
ESWL also is more likely to leave stone fragments in the kid-
ney, especially when used for treating lower pole stones.
These may serve as the nidus for new stones. Again, more in-
vasive procedures may allow more thorough removal of
these fragments, ultimately resulting in lower costs.

Evaluation of the metabolic factors responsible for
stone formation has been shown to lead to significant sav-
ings (12). Abnormalities are disclosed in more than 90%

of patients. Classification of the specific causes of hyper-
calciuria, the most common abnormality, has no specific
consequences for therapy. Thiazides are effective for idio-
pathic hypercalciuria, regardless of the specific cause (13).
Increased fluid intake to achieve urine volumes of more
than 2 L is especially useful for calcium oxalate and cys-
tine stones. Potassium citrate is given for hypocitraturia
and calcium stones, and also for urinary alkalinization for
uric acid and cystine stones. Dietary therapy has been dis-
cussed previously. Allopurinol is useful if diet fails and
calcium stones persist in the setting of hyperuricosuria.
Surgery is indicated for primary hyperparathyroidism. All
of these therapies are relatively inexpensive, and all are
cost-effective.

KEY POINTS

■ The diagnosis of urinary tract obstruction is most often
suggested by history and physical examination.

■ Modern imaging options make confirmation of the di-
agnosis relatively easy. The diagnosis of renal obstruc-
tion, from stones or other causes, therefore has been ex-
pedited dramatically.

■ The advent of flexible ureteroscopy, ESWL, and smaller
percutaneous nephrolithotomy instruments has also
had a beneficial impact on management of obstruction
and stone disease. These therapeutic options have made
open surgery nearly obsolete and almost never indicated.
The results of these advances are much lower hospital-
ization rates and minimally invasive outpatient surgery.

■ Stones smaller than 5 mm most often pass sponta-
neously and often do not require intervention.

■ Recent demonstrations of the efficacy and cost-
effectiveness of metabolic evaluation and treatment for
prevention of recurrent stone formation may shift atten-
tion to prophylaxis for a larger proportion of afflicted
patients.

Chapter 103: Renal Stone Disease and Obstruction 1043

TABLE 103.4
TREATMENT RECOMMENDATIONS FOR MANAGEMENT OF SYMPTOMATIC URETERAL STONES

Condition Recommended therapy Comment

Stone with high probability of passage Observation Intervention appropriate if symptoms demand
(�5 mm)

Stone �10 mm in proximal ureter ESWL PNL or USC if needed
Stone �10 mm in proximal ureter ESWL, PNL, or USC PNL becomes more appropriate with larger stones
Stones �10 mm in distal ureter ESWL, USC ESWL may require more procedures, cost more
Stones �10 mm in distal ureter USC, ESWL USC may be preferable with larger stones, lower

pole stones

ESWL, extracorporeal shock-wave lithotripsy; PNL, percutaneous nephrolithotomy; USC, ureteroscopy.
Adapted from Segura JW, Preminger GM, Assimos DG, et al. Ureteral stones clinical guidelines panel summary
report on the management of ureteral calculi. J Urol 1997;158:1915–1921.
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Common Electrolyte

Disorders
Kerry C. Cho

INTRODUCTION

Disorders of sodium and potassium are the most common
electrolyte disorders in hospital medicine. Electrolyte
abnormalities may be incidental findings on routine labo-
ratory tests and have few symptoms and little clinical sig-
nificance. Severe disturbances, complicated by or resulting
from other medical conditions, may require hospitaliza-
tion or even intensive care monitoring. The diagnostic eval-
uations of potassium and sodium disorders in clinical prac-
tice are often incomplete and unfocused (1). Furthermore,
therapy for electrolyte disorders can be overly aggressive
and have disastrous results if basic pathophysiologic rules
are violated. One fundamental rule guides the approach to
common electrolyte disorders: potassium disorders result
from abnormal potassium handling, but sodium disorders result
from abnormal water handling.

SODIUM

Hyponatremia

Hyponatremia, defined as a plasma sodium concentration
less than 135 mEq/L, is the most common electrolyte ab-
normality in hospitalized patients. The majority of cases re-
flect hypotonicity because sodium is the main solute that
determines serum osmolality (Table 104.1). Hypertonic
and isotonic forms of hyponatremia occur infrequently.
Hypertonic hyponatremia occurs with hyperglycemia or
mannitol infusion. The movement of water from the intra-
cellular space driven by the hypertonicity of the extracellu-
lar compartment dilutes the sodium concentration and
produces hyponatremia. The standard correction factor for

hyperglycemic hyponatremia is a 1.6 mEq/L decrease in
sodium concentration per 100 mg/dL increase in glucose
(2). A revised correction factor of 2.4 mEq/L Na� per 100
mg/dL glucose has been proposed recently (3). The inci-
dence of isotonic pseudohyponatremia, a laboratory artifact
produced by hypertriglyceridemia or hyperproteinemia,
has decreased with the direct measurement of sodium by
ion-specific electrodes.

The total body sodium in hyponatremic patients may be
low, normal, or high. Thus, patients may be hypovolemic,
isovolemic, or hypervolemic. Although the serum sodium
concentration does not reflect total body sodium or water,
there is always a relative excess of water to sodium in all
cases of hyponatremia. In general, hypotonic hyponatremia
results from primary sodium loss (with secondary water
gain), primary water gain (with secondary sodium loss), or
primary sodium gain (with excessive water gain). The first
category includes patients with sodium losses from either
renal or nonrenal sources. Examples of renal sodium loss in-
clude the use of thiazide diuretics, osmotic diuresis, post-
obstructive diuresis, nonoliguric acute tubular necrosis, and
salt-wasting nephropathy. Nonrenal sources of sodium loss
include insensible losses from the respiratory tract or skin
and gastrointestinal losses (vomiting, nasogastric suction-
ing, and diarrhea). Whether renal or nonrenal, the sodium
loss produces contraction of the extracellular fluid volume,
stimulation of thirst, increased fluid intake, and increased
ADH release. The net result of increased water intake and de-
creased renal water excretion is hyponatremia.

The category of primary water gain includes the syn-
drome of inappropriate antidiuretic hormone release
(SIADH), hormonal disorders, primary polydipsia, and
chronic renal insufficiency. The main disturbance in these
conditions is decreased renal water excretion (or water

104
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intake exceeding excretory capacity in the case of primary
polydipsia). High levels of ADH alone are usually insuffi-
cient to produce hyponatremia; increased water intake or
administration must also be present. SIADH is the most
common cause of isovolemic, hypotonic hyponatremia.
The ADH release is nonphysiologic (“inappropriate”) in
the absence of hypovolemia or hyperosmolality, the usual
triggers for ADH. The numerous causes of SIADH can be
classified into the following broad categories: malignancy,
pulmonary disorders, central nervous system disorders,
and medications. Deficiencies of cortisol and thyroid hor-
mone can produce hyponatremia by directly or indirectly
stimulating ADH release; these hormone deficiencies
should be differentiated from SIADH for evaluation and
treatment purposes.

In primary or psychogenic polydipsia, massive water in-
take overwhelms the renal water excretory capacity of 12
L/day. Increased water intake in psychiatric patients may be
due to phenothiazines, which enhance thirst perception by
causing dry mouth. In beer potomania, decreased dietary
intake and cachexia limit the daily solute load. If the kid-
neys have a limited supply of solutes and the minimum
urine osmolality is fixed at 50 mOsm/kg, then a moderately
increased daily water intake can exceed the diminished re-
nal water excretory capacity. For example, a beer drinker
may have a daily solute load of only 250 mOsm, compared
with the 600 mOsm/day generated by the metabolism of a
normal diet. With a solute load of 250 mOsm/day, the re-
nal excretory capacity is limited to 5 L/day at the minimum
urine osmolality of 50 mOsm/kg.

Hypervolemic hyponatremia reflects primary sodium
gain with excessive water gain, typified by the edematous
states of heart failure, cirrhosis, and the nephrotic syn-
drome. Heart failure and cirrhosis are states with decreased
effective circulating volume, due to either decreased cardiac

output or decreased systemic vascular resistance (4). Acti-
vation of the renin-angiotensin-aldosterone system
increases ADH release and sodium and water retention in
an attempt to restore effective circulating volume, at the
expense of hypo-osmolality and hyponatremia. The sever-
ity of hyponatremia in heart failure and cirrhosis has been
shown to be an important predictor of survival.

Clinical Manifestations

Hyponatremia causes primarily neurologic manifestations.
The severity and rate of change of the serum sodium con-
centration determine the extent of symptoms. Most
patients with mild hyponatremia (sodium �125 mEq/L)
are asymptomatic. Chronic, slowly developing hypona-
tremia is usually better tolerated because the brain de-
creases its intracellular tonicity, limiting cellular edema.
Early symptoms of hyponatremic encephalopathy include
headaches, nausea, malaise, lethargy, muscle cramps, and
hyperreflexia. More severe symptoms include obtundation,
bizarre behavior, hallucinations, asterixis, and inconti-
nence. Advanced symptoms include seizures, coma, brain
stem herniation, central diabetes insipidus, permanent
brain injury, respiratory arrest, and death. Patients at in-
creased risk for cerebral edema and hyponatremic en-
cephalopathy include prepubertal children, postoperative
patients, menstruant women, psychiatric patients with
polydipsia, hypoxic patients, and elderly women recently
started on thiazide diuretics (5,6). Figure 104.1 contains a
diagnostic algorithm.

Therapy

Hospitalization should be considered for symptomatic
patients, especially in the presence of significant medical
comorbidities. Severe neurological symptoms require
intensive care monitoring and frequent sodium measure-
ments. The goals of therapy for hyponatremia include cor-
rection of the underlying disease (if possible), correction of
sodium concentration by restricting free water intake and
promoting water loss, and avoidance of overly rapid
sodium correction. Medications that cause or contribute to
hyponatremia should be stopped if possible; these include
sedatives, hypnotics, analgesics, tranquilizers, oral hypo-
glycemics, opiates, antineoplastic drugs, antidepressants,
and diuretics (5). Hypovolemic patients may require fluid
resuscitation with normal saline, while hypervolemic pa-
tients may require diuretics and/or dialysis to correct vol-
ume overload.

Correction of the sodium concentration is potentially
hazardous because serum tonicity may increase more
quickly than brain tonicity, especially if the brain has
adapted to chronic hyponatremia. Overly rapid correction
may lead to cerebral osmotic demyelination. Originally called
central pontine myelinolysis, this pathologic process can
also occur in extrapontine sites. Demyelination is more
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TABLE 104.1
MAJOR CAUSES OF HYPONATREMIA

Pseudohyponatremia
Hypertriglyceridemia
Hyperproteinemia

Hypertonic hyponatremia
Hyperglycemia
Mannitol administration

Hypotonic hyponatremia
Hypovolemic (primary sodium loss with secondary water gain):

Thiazide diuretics and other renal losses, gastrointestinal
losses, insensible losses

Euvolemic (primary water gain with secondary sodium loss):
Syndrome of inappropriate antidiuretic hormone, primary
polydipsia, glucocorticoid deficiency, hypothyroidism, chronic
renal disease

Hypervolemic (primary sodium gain with excessive water gain): 
Congestive heart failure, cirrhosis, nephrotic syndrome
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likely to occur with chronic hyponatremia (�48 hours)
and in certain clinical settings: alcoholism, malnutrition,
hypokalemia, burns, and thiazide diuretic use (6). Symp-
toms include mutism and dysarthria initially, followed by
spastic quadriparesis and pseudobulbar palsy. Computed
tomography and magnetic resonance imaging may not de-
tect radiographic evidence of myelinolysis within the first
2 weeks. There is no specific therapy for myelinolysis.

When considering the appropriate management, physi-
cians must weigh the risk of sodium correction and myeli-
nolysis against the risks of hyponatremic encephalopathy.
The chronicity of hyponatremia and the severity of symp-
toms are the major guides to appropriate therapy. Chronic
hyponatremia is generally well tolerated and causes fewer

symptoms than acute hyponatremia, but it carries the high-
est risk of osmotic demyelination. Thus, in the absence of
symptoms, management should be conservative. Free wa-
ter restriction alone may be sufficient, although the rate of
sodium correction may not exceed 1.5 mEq/L per day.
Some patients with SIADH may require demeclocycline (150
mg four times daily) to antagonize ADH effect by inducing
a nephrogenic diabetes insipidus, but its use may be com-
plicated by nephrotoxicity.

Severely symptomatic patients generally require hyper-
tonic saline (3% NaCl) at approximately 1–2 mL/kg/hr.
Acute hyponatremia (�48 hours) can be corrected quickly
(i.e. 2.0–2.5 mEq/L/hour), while chronic hyponatremia
correction should not exceed 1.0–1.5 mEq/L/hr. There is
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Figure 104.1 Approach to the patient with hyponatremia. CHF, congestive heart failure;
SIADH, syndrome of inappropriate antiduretic hormone.

Measure
urine

osmolarity

Normal Serum
osmolarity High

Low

Low

Measure
triglycerides,

proteins

High
(> 100 mmol/L)

Volume status

EuvolemicHypovolemic Hypervolemic

Measure urine
sodium

< 10 mmol/L > 20 mmol/L

Pseudo-
hyponatremia 

Hyperglycemia or
unmeasured osmolyte 

Primary water intoxication
(psychogenic polydipsia,
beer drinkers potomania)

• Heart failure
• Nephrotic syndrome
• Cirrhosis

• Kidney disease
• Adrenal insufficiency
• Salt-wasting syndrome
• Diuretics

• SIADH
• Renal insufficiency
• Thiazides
• Reset osmostat
• Hypothyroidism
• Adrenal
   insufficiency

• Vomiting
• Diarrhea
• Third-spacing
• Insensible losses

26410 ch 104  3/12/05  2:50 PM  Page 1047



likely no correction rate that is completely risk free, unfor-
tunately. Many authorities have proposed correction rates
ranging from 8–15 mEq/L/day (5–9). Loop diuretics may
be required to augment free water excretion and prevent
hypervolemia. Serum sodium levels should be checked as
frequently as every 1–2 hours. Sodium correction should
stop if the patient is no longer acutely symptomatic or if the
serum sodium has been corrected to a mild level of hy-
ponatremia (125–130 mEq/L).

Nephrology consultation should be considered for
severely symptomatic patients, neurological or neuro-
surgical patients, obstetrical patients, or whenever hyper-
tonic saline, hemodialysis, or demeclocycline are being
considered.

Hypernatremia

Hypernatremia is defined as a plasma sodium concentra-
tion �145 mEq/L. Unlike hyponatremia, where osmolality
may be decreased, normal, or increased, hypernatremia
always reflects a hyperosmolar state. The hyperosmolality of
the extracellular compartment moves fluid out of cells and
causes intracellular fluid contraction. The appropriate
physiologic response to hypernatremia is thirst, increased
water intake, and excretion of a minimum volume
(500 mL/day) of maximally concentrated urine (�800
mOsm/kg) caused by ADH release. Hypernatremia usually
does not develop unless a defective thirst mechanism or
limited access to water impairs the protective response.
Common clinical settings include altered mental status,
physical handicaps, the postoperative state, mechanical
ventilation, and primary hypodipsia caused by hypothal-
amic disorders.

Most hypernatremia occurs with hypotonic fluid losses
and inadequate intake of sodium and water (Table 104.2).
These patients are either hypovolemic or euvolemic. Non-
renal sources of water loss include insensible losses from
the skin and respiratory tract, gastrointestinal losses, or
wound losses (including surgical drains). Fever, heat expo-
sure, exercise, severe burns, and mechanical ventilation

may increase insensible losses. Gastrointestinal losses are
caused by vomiting, nasogastric suctioning, enterocuta-
neous fistulas, and diarrhea. Although any form of diarrhea
can produce volume contraction, osmotic diarrheas (from
lactulose, sorbitol, or carbohydrate malabsorption) and
viral gastroenteritides are particularly likely to present with
hypernatremia because of water losses in excess of sodium
losses.

The kidney is also a potential source of hypotonic fluid
losses. Osmotic diuresis from mannitol administration,
hyperglycemia, or excessive protein loads can promote
excess water loss, leading to hypernatremia and volume
depletion. These patients have polyuria with submaximal
urine osmolality. A dilute urine (urine osmolality �100
mOsm/L) is an inappropriate response to hypernatremia,
raising the suspicion for either central or nephrogenic dia-
betes insipidus (DI). Central DI results from trauma,
surgery, infection, granulomatous disease, malignancy,
and vascular events. Nephrogenic DI may result from
drugs (most commonly lithium), hypercalcemia, hy-
pokalemia, papillary necrosis, and pregnancy (because of
increased amounts of vasopressinase by the placenta dur-
ing the second and third trimester). There are also con-
genital forms of central and nephrogenic DI caused by
mutations in genes for ADH, its V2 receptor, or the aqua-
porin-2 water channel.

Hypernatremia may also (uncommonly) be caused by
excess total body sodium. Examples include ingestion or
administration of hypertonic sodium solutions (chloride
or bicarbonate salts) and hypertonic feeding preparations.
Primary hyperaldosteronism and Cushing syndrome are
rare causes of hypertonic hypernatremia with hyper-
volemia. A review of seven patients with hospital-acquired
hypernatremia and edema demonstrated that patients
shared several key characteristics: medical comorbidities,
isotonic fluid resuscitation, marked weight gain, hypoalbu-
minemia, and diminished glomerular filtration rate (10).

Clinical Manifestations

As with hyponatremia, the signs and symptoms of hyper-
natremia are mainly neurologic (11,12). Whether an
individual develops symptoms depends on the rate of rise
of the sodium concentration and the absolute value.
Symptoms include thirst, irritability, lethargy, and weak-
ness. As hypernatremia progresses, confusion, agitation,
hyperreflexia, myoclonus, seizures, and coma can de-
velop. In severe cases, brain shrinkage applies traction on
the dural veins and venous sinuses, resulting in intracra-
nial hemorrhage. Physical findings include tachycardia,
poor skin turgor, dry mucous membranes, and warm, dry
skin. Patients admitted with hypernatremia are usually
elderly and often have coexisting fever or hyperglycemia.
However, hospital-acquired hypernatremia is often iatro-
genic and can occur in younger patients with restricted
access to free water.
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TABLE 104.2
MAJOR CAUSES OF HYPERNATREMIA

Water losses
Gastrointestinal losses
Diabetes insipidus, either central or nephrogenic
Diuretics
Increased insensible losses through respiration and skin
Hypothalamic lesions with impaired thirst perception

Sodium overload
Hypertonic sodium intravenous fluids
Hypertonic feeding preparations
Primary hyperaldosteronism
Cushing syndrome
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Therapy

The goals of hypernatremia management are to replace the
free water deficit and to stop or decrease ongoing water
losses if possible. The first step is to review iatrogenic fac-
tors: hypertonic solutions, feeding preparations, diuretics,
and other medications. The next step is volume resuscita-
tion of hypovolemic patients with isotonic saline. The free
water deficit can be estimated from the following formula:
free water deficit (liters) � 0.6 � body weight (in kg) �

[(serum sodium/140) � 1]. As with hyponatremia, overly
rapid correction of hypernatremia is potentially hazardous.
To avoid cerebral edema, the correction rate should not exceed
0.5 mEq/L/hr. If mental status worsens during the correction
of hypernatremia, cerebral edema may have occurred; free
water administration should be stopped until symptoms
improve. The preferred route of water administration is via
oral intake or nasogastric tube; 5% dextrose is the intra-
venous equivalent. The fluid replacement rate should ac-
count for ongoing water losses. Patients with hypervolemic
hypernatremia need slow free water replacement to avoid
volume overload. Diuretics are used to maximize natriure-
sis, but hemodialysis may be required to correct the com-
bined sodium and water imbalance.

Patients with central diabetes insipidus or partial
nephrogenic DI may require desmopressin (ddAVP), the
synthetic analogue of AVP. Complete nephrogenic DI is a
therapeutic challenge. Most patients require large amounts
of water intake because of obligate renal water losses, but
the water requirement may decrease with judicious use of
thiazide diuretics, nonsteroidal anti-inflammatory drugs,
and dietary sodium restriction. Chlorpropamide, clofib-
rate, and carbamazepine have been used to stimulate AVP
secretion or enhance its action.

Consultation for hypernatremia is generally not required
unless diabetes insipidus is suspected. A nephrologist or en-
docrinologist should assist with the diagnosis of diabetes
insipidus, its differentiation (nephrogenic versus central)
via a water-deprivation test, and appropriate therapy. Pa-
tients with hypervolemic hypernatremia and concomitant
chronic renal failure may require nephrology consultation
for diuretic recommendations or hemodialysis.

Outcomes

Patients admitted with hypernatremia are often geriatric
patients transferred from nursing homes, whereas hospital-
acquired hypernatremia occurs in younger patients with an
age distribution that resembles the overall hospital popu-
lation (13). Hypernatremia carries a high mortality rate. A
recent study of 116 patients admitted with hypernatremia
(serum sodium �145 mEq/L) found that 77 (or 66%) ex-
pired (14). Another report noted hypernatremia (serum
sodium �150 mEq/L) in 111 (3.46%) of 3,209 hospital-
izations (15). Sixty-five patients were hypernatremic on
admission, while 45 developed hypernatremia while hos-

pitalized. Hospital mortality for all hypernatremic patients
was 48.6%.

Hospital-acquired hypernatremia is often iatrogenic
and/or preventable. In 85 patients with hospital-acquired
hypernatremia, Palevsky et al. found that 86% lacked free
access to water, 94% received less than 1 L/day of IV elec-
trolyte-free water during the development of hyperna-
tremia, and 49% received no supplemental electrolyte-free
water during the first 24 hours of hypernatremia (13). One
group has proposed using hypernatremia as an indicator of
poor quality of care in the medical intensive care unit (16).

POTASSIUM

The normal plasma potassium concentration is 3.5 to
5.0 mEq/L, but extracellular potassium comprises only 2%
of the total body potassium content of 4,000 mEq. At a con-
centration of 140 mEq/L, intracellular potassium is the ma-
jor cation generating the membrane potential for normal
neuromuscular function. The Na�-K�-ATPase pump main-
tains the ratio of intracellular-to-extracellular potassium
concentrations. Hormones, acid-base status, osmolality,
and cell turnover affect potassium distribution between the
two compartments. Insulin increases Na�-K�-ATPase
activity, increasing uptake of plasma K� into liver and skele-
tal muscle cells. Catecholamines have varied affects; �2-
adrenergic agonists increase Na�-K�-ATPase activity, while
�-adrenergic agonists decrease activity. Metabolic acidosis
promotes exchange of intracellular K� for extracellular H�,
resulting in hyperkalemia. Organic acidoses such as lactic
acidosis or diabetic ketoacidosis may not produce hyper-
kalemia, because lactate and �-hydroxybutyrate anions can
shift into cells along with H�. Metabolic alkalosis produces
hypokalemia as potassium moves into cells to buffer the
outward shift of H�.

The gastrointestinal tract absorbs 90% of dietary potas-
sium, which is 40–120 mEq/day on an average western diet,
an amount equivalent to that of extracellular potassium.
Stimulated by insulin and catecholamines, intracellular
potassium uptake prevents immediate postprandial hyper-
kalemia. Stool losses account for 10–20 mEq/day of potas-
sium excretion, but this amount can increase with diarrhea
and chronic renal insufficiency. The kidney regulates net
potassium balance via the principal cells in the distal
nephron. In response to hyperkalemia or high renin and an-
giotensin II levels, aldosterone increases potassium excretion
by stimulation of the basolateral Na�-K�-ATPase pump.

Hypokalemia

Etiology and Differential Diagnosis

Defined as a plasma [K�] �3.5 mEq/L, hypokalemia results
from decreased intake, increased loss, or intracellular redis-
tribution (17,18). Pseudohypokalemia may occur rarely in
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leukemia patients when abnormal leukocytes take up extra-
cellular potassium after phlebotomy. Rapid separation of
the plasma after phlebotomy prevents this artifact. In an in-
dividual patient with true hypokalemia, one or more patho-
physiological mechanisms may be implicated. Low dietary
intake rarely produces hypokalemia because renal excretion
can decrease to less than 15 mEq/day. Starvation may re-
duce total body potassium stores, but tissue catabolism will
preserve serum [K�]. Causes of increased potassium loss can
be either renal, gastrointestinal, or dermal (via excessive
sweating). Gastrointestinal losses result from diarrhea, fis-
tulas, and cathartic use. Renal potassium losses fall into two
categories: mineralocorticoid excess (either real or appar-
ent) and impaired renal sodium-chloride transport (Bartter
syndrome and Gitelman syndrome). The mineralocorticoid
group includes primary hyperaldosteronism, adrenal hy-
perplasia, Cushing syndrome, Liddle syndrome, and others
(18,19). Redistribution hypokalemia includes hyperthy-
roidism, familial hypokalemic periodic paralysis, delirium
tremens, and increased cell production (treatment of ane-
mia with vitamin B12 or folate, granulocyte colony stimu-
lating factor (GM-CSF) therapy, and parenteral nutrition).

Numerous medications cause hypokalemia (18). Ex-
cluding cathartic agents, drugs cause hypokalemia either by
redistributing potassium into cells or by increasing renal
potassium excretion (Table 104.3).

Clinical Manifestations

Hypokalemia is usually asymptomatic unless the plasma
concentration falls below 3.0 mEq/L. In contrast to dys-
natremias, where the symptoms are primarily neurologic,
symptoms of potassium disorders are primarily muscular
and cardiac. The first manifestations are fatigue, myalgias,
and muscle weakness of the lower extremities. Severe hy-
pokalemia may progress to respiratory muscle depression,
hypoventilation, complete ascending paralysis, and
death. Smooth muscle dysfunction may manifest as a
paralytic ileus. Rhabdomyolysis with myoglobinuria and
renal failure can also be seen. Electrocardiographic (ECG)
changes are caused by delayed ventricular repolarization
but do not correlate well with the severity of hy-
pokalemia. Early changes include flattening or inversion
of the T wave, a prominent U wave, ST-segment depres-
sion, and prolonged QT interval. Severe hypokalemia may
result in PR-interval prolongation, widening of the QRS
complex, and ventricular arrhythmias. Cardiac ischemia,
heart failure, and left ventricular hypertrophy increase the
likelihood of arrhythmias. Hypokalemia increases the risk
of digoxin toxicity; both can cause ST-segment depression
on ECG. Rapid changes in plasma [K�] should be avoided
during hemodialysis in patients taking digoxin. Hy-
pokalemia can exacerbate hypertension, particularly in
African-Americans. Hypokalemia promotes ammoniage-
nesis and may increase hepatic encephalopathy in suscep-
tible patients.

Therapy

Therapeutic goals are correction of potassium level, avoid-
ance of iatrogenic hyperkalemia, and correction of the
underlying cause if possible. The plasma potassium con-
centration does not correlate well with total body stores in
cases of redistribution. The classic example is diabetic
ketoacidosis, where renal potassium losses from osmotic
diuresis can be masked by insulin deficiency and extracel-
lular redistribution of intracellular potassium. These pa-
tients may have intracellular hypokalemia and low total
body potassium stores, with normal or high serum potas-
sium levels. However, in the absence of potassium redistri-
bution, each 1.0 mEq/L decrease in the serum concentra-
tion reflects a 200 to 300 mEq reduction in total body
stores. Oral replacement is the preferred route because
the slower absorption prevents hyperkalemia. Except in
patients with metabolic acidosis, potassium chloride is pre-
ferred over bicarbonate or citrate-based formulations be-
cause chloride minimizes renal potassium losses. Potas-
sium phosphate may be used in patients with concomitant
hypophosphatemia. Intravenous replacement can be given
at 10 mEq/hr through a peripheral IV, 20 mEq/hr via a cen-
tral line, or 40 mEq/hr via a central line with continuous
ECG monitoring. In nondiabetic patients, intravenous
potassium in dextrose solution can paradoxically decrease
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TABLE 104.3
MAJOR CAUSES OF HYPOKALEMIA

Pseudohypokalemia

Redistribution
Hyperthyroidism
Familial hypokalemic periodic paralysis
Delirium tremens
Increased cell production

Decreased intake

Gastrointestinal losses
Diarrhea
Fistulas

Renal losses
Mineralocorticoid excess
Bartter syndrome and Gitelman syndrome

Drugs that redistribute potassium into cells
�2-agonists (epinephrine, decongestants, bronchodilators,
tocolytics)
Xanthines (caffeine, theophylline)
Verapamil
Chloroquine
Insulin

Drugs that increase renal potassium excretion
Diuretics
Mineralocorticoids
High-dose glucocorticoids and antibiotics
Magnesium-depleting drugs (aminoglycosides, cisplatin,
foscarnet, and amphotericin B)
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plasma levels by causing redistribution of potassium into
cells. Thus, intravenous potassium should be delivered in
saline. Hypomagnesemia can produce renal potassium
wasting and refractory hypokalemia. Patients with diuretic-
induced hypokalemia may require chronic potassium sup-
plementation, a high potassium diet, or the addition of a
potassium-sparing diuretic (e.g., triamterene, amiloride, or
spironolactone).

Criteria for hospitalization, ECG monitoring, and ICU
admission are neither clearly defined nor universally ac-
cepted. Symptomatic hypokalemia requires aggressive re-
placement, frequent monitoring of plasma potassium, and
possible hospitalization. Patients with ECG changes
should be considered for continuous monitoring and ICU
admission. Nephrology consultation may be required in
cases of renal potassium wasting without an identifiable
cause. Cases of surreptitious diuretic use, laxative use, and
self-induced vomiting may benefit from social services or
psychiatric consultation.

Outcomes

A recent retrospective analysis examined the management
of inpatients with severe hypokalemia (defined as [K�]
�3.0 mEq/L) in a university hospital (20). Hypokalemia
was present in 2.6% of all patients; 28% were admitted
with hypokalemia, while 72% developed hypokalemia
during hospitalization. Hospital mortality was 20.4% in
hypokalemic patients, compared with 1.9% for all patients.
Mortality rates increased with the degree of hypokalemia.
Thirty percent of patients were discharged with hy-
pokalemia. A random sample of 100 medical records
were reviewed for “appropriate management,” defined as
potassium replacement or initiation of potassium-sparing
agents. In 76% of cases, medical management was consid-
ered adequate (20).

Hyperkalemia

Etiology and Differential Diagnosis

Defined as a plasma concentration greater than 5.0 mEq/L,
hyperkalemia results from increased intake, redistribution,
and impaired renal excretion (Table 104.4). Increased intake
is rarely a cause of hyperkalemia unless there is impaired re-
nal excretion. However, herbal supplements, salt substitutes,
and blood transfusion are exogenous potassium sources that
can cause hyperkalemia (21). Iatrogenic hyperkalemia may
result from inappropriate potassium replacement. Patholog-
ical conditions such as intravascular hemolysis, rhabdomy-
olysis, and tumor lysis syndrome can produce hyperkalemia
via redistribution and release of intracellular potassium. Re-
distribution hyperkalemia can also result from hyper-
glycemia, insulin deficiency, hypertonicity, and acidosis. Im-
paired renal excretion of potassium may involve decreased
glomerular filtration (either acute or chronic) or an intrinsic

defect in excretion (e.g., a renal tubular acidosis). Medica-
tions can cause hyperkalemia through redistribution or im-
paired excretion. Pseudohyperkalemia results from release of
intracellular potassium caused by fist clenching, prolonged
tourniquet use, and marked leukocytosis or thrombocytosis.
This diagnosis should be considered in any asymptomatic
patient with an elevated serum potassium but no obvious
cause of hyperkalemia.

A recent study in a tertiary care university hospital found
that hyperkalemia was often multifactorial; 77% of pa-
tients had renal failure, 63% were on medications that can
contribute to hyperkalemia, 49% were hyperglycemic, 17%
were acidemic, and 15% were receiving potassium supple-
ments or total parenteral nutrition (22).

Clinical Features

By increasing the resting membrane potential, hyper-
kalemia may cause prolonged depolarization, producing
weakness, flaccid paralysis, and respiratory muscle weak-
ness with hypoventilation. As with hypokalemia, ECG
changes correlate poorly with the severity of hyperkalemia.
Early signs include T-wave peaking and progress to PR-
interval prolongation, widening of the QRS complex, and
loss of P waves. Patients with left ventricular hypertrophy
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TABLE 104.4
MAJOR CAUSES OF HYPERKALEMIA

Pseudohyperkalemia
Fist clenching
Hemolysis
Leukocytosis or thrombocytosis

Increased intake
Herbal supplements
Salt substitutes
Blood transfusion
Latrogenic hyperkalemia

Redistribution
Hyperglycemia
Acidemia

Impaired renal excretion
Renal failure, acute or chronic
Renal tubular acidosis

Medications
Potassium-sparing diuretics
Nonsteroidal anti-inflammatory drugs
ACE inhibitors and angiotensin-II receptor blockers
�-blockers
Trimethoprim
Pentamidine
Calcineurin inhibitors
Heparin
Digoxin

From Perazella MA. Drug-induced hyperkalemia: old
culprits and new offenders. Am J Med 2000;109:307–314.
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and/or congestive heart failure are more susceptible to
malignant arrhythmias such as ventricular tachycardia,
ventricular fibrillation, and sudden cardiac death. The
cardiac effects of hyperkalemia are enhanced by hypona-
tremia, hypocalcemia, and acidemia.

Treatment

The degree of hyperkalemia, muscle weakness, and ECG
changes determines the necessity for and rapidity of treat-
ment. Emergent therapy for severe hyperkalemia has three
components: minimizing membrane depolarization, shift-
ing potassium into cells, and removing potassium from the
body (23,24). Therapy should also include correcting the
underlying cause if possible, stopping or avoiding offending
medications, and removing all exogenous potassium
sources. The initial therapy for patients with hyperkalemic
ECG changes is intravenous calcium (e.g., 10 mL of 10% cal-
cium gluconate), which decreases membrane excitability
and reverses ECG changes within minutes. Its effect is short-
lived (30–60 minutes). The transient hypercalcemia of cal-
cium infusions may enhance the cardiac toxicity of digoxin;
calcium should be given as a slow infusion over 30 minutes.
Insulin (e.g., 10 units of regular insulin IV) shifts potassium
into cells and will decrease [K�] by 0.5–1.5 mEq/L in 15–30
minutes. The effect may last for several hours. Glucose
(25–50 grams IV) is given to prevent hypoglycemia but
should be withheld in hyperglycemic patients. Nebulized al-
buterol, a �2-adrenergic agonist, in doses of 10–20 mg (com-
pared with 2.5 mg for bronchodilation) will have a similar
onset of action and effect as insulin. Intravenous sodium bi-
carbonate (e.g., an isotonic solution of three ampules, or 150
mEq/L in D5W) should be reserved for patients with con-
comitant metabolic acidosis and may be ineffective in pa-
tients with end-stage renal disease. Patients with volume
overload may not tolerate the additional sodium load.

Definitive therapy, potassium removal, can be achieved
with diuretics, cation-exchange resin, or hemodialysis.
Loop and thiazide diuretics increase potassium excretion if
renal function is adequate. Sodium polystyrene sulfonate
(Kayexalate) is a cation exchange resin that absorbs gas-
trointestinal potassium in exchange for sodium; each gram
binds 1 mEq of potassium. Given orally or rectally in doses
of 30–60 grams, the resin is usually delivered with sorbitol
to prevent constipation. This mixture should be avoided in
postoperative patients because of the risk of sorbitol-in-
duced colonic necrosis, especially in renal transplantation
patients. While effective, the resin has a delayed onset of ac-
tion of 1–2 hours. Hemodialysis effectively and quickly re-
moves potassium and corrects metabolic acidosis, but sig-
nificant time may be required for nephrology consultation,
catheter insertion, and dialysis preparation. Peritoneal dial-
ysis and continuous renal replacement therapy correct
potassium too slowly for treatment of acute hyperkalemia.

Criteria for hospitalization are poorly defined. A recent
retrospective analysis compared patients hospitalized for

hyperkalemia to those treated as outpatients; no significant
differences in acid-base status, electrolyte levels, and renal
function were found (25). Failure to discontinue use of all
medications that promote hyperkalemia was common. The
authors suggested hospitalization for severe hyperkalemia
(	8.0 mEq/L with ECG changes other than peaked T
waves), acute worsening of renal function, and supervening
medical problems (26). Patients with [K�] between 6.5 and
8.0 mEq/L and ECG changes limited to peaked T waves can
be successfully treated in the emergency department. Pa-
tients with milder hyperkalemia can be treated as outpa-
tients. Continuous electrocardiographic monitoring is indi-
cated for patients with severe hyperkalemia and/or ECG
changes, although there are no universally accepted criteria
for monitoring. Nephrology consultation should be con-
sidered for patients with end-stage renal disease, hyper-
kalemia with ECG changes, and renal tubular acidosis.

Outcomes

Recent evidence suggests that physicians poorly manage in-
hospital hyperkalemia. One study found that only 39% of
episodes satisfied published criteria for diagnosis, treat-
ment, and follow-up of hyperkalemia (22). Only 30% of pa-
tients had a 12-lead ECG, 46% of which had typical changes
of hyperkalemia (despite the study threshold of [K�] �6.0
mEq/L). Computer ECG interpretations were not reliable;
only one of 33 available interpretations was consistent with
hyperkalemia (22). The mortality of patients hospitalized
with hyperkalemia is difficult to estimate. One study re-
ported a mortality rate of 17% among 35 adult inpatients
with [K�] �5.5 mEq/L, although none died of hyperkalemic
arrhythmias (25). Another study of 242 episodes reported
no deaths from hyperkalemia and no significant morbid
events from treatment (22).

KEY POINTS

■ Many electrolyte abnormalities can be prevented by care-
ful review of medications and proper fluid management.

■ Potassium disorders reflect abnormal potassium han-
dling, while sodium disorders reflect abnormal water
handling.

■ Dysnatremias lead to primarily neurologic symptoms,
while dyskalemias are associated with muscular and car-
diac symptoms.

■ Treatment of hyponatremia may be more hazardous
than the hyponatremia itself.

■ Hypernatremia reflects a free water deficit and often oc-
curs with decreased access to free water. It is frequently
preventable or iatrogenic.

■ ECG changes correlate poorly with the degree of potas-
sium disturbance.

■ Hyperkalemia is often multifactorial; renal failure is of-
ten implicated.
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Common Acid–Base 

Disorders
Orson W. Moe Daniel Fuster Robert J. Alpern

INTRODUCTION

Acid–base disturbances represent a diverse group of disor-
ders commonly encountered in patients presenting to the
emergency room as well as in hospitalized patients. The
identification of acid–base disorders per se does not estab-
lish an end point in the diagnostic process but rather serves
to alert and direct the clinician to search for and address
the underlying diseases that generated the disturbances.
The treatment of acid–base disorders is largely directed at
the underlying cause, although primary correction of the
alkali or acid deficit also is indicated in certain situations.
The spectrum of clinical outcomes of diseases associated
with acid–base disturbances ranges from the completely
benign to the imminently life-threatening. Therefore, the
hospital physician must come rapidly to the correct diag-
nosis and initiate the appropriate treatment.

Although the body continually is faced with acid loads
that are many orders of magnitude higher than the free hy-
drogen concentration in the plasma, normal individuals
are able to maintain the plasma pH within a narrow range.
Two defense mechanisms contribute to this homeostasis.
First, buffers are present in all body compartments and
cushion the effect of any acid or alkali assault. Second, ex-
ternal acid–base balance is maintained by eliminating acid
(or alkali) in an amount commensurate to that added to
the body. A mismatch between addition and excretion of
acid (or alkali) constitutes the fundamental pathophysiol-
ogy of all acid–base disorders. Volatile acids such as
carbonic acid are excreted in the lungs; nonvolatile acids
such as those derived from dietary proteins are excreted by
the kidneys. Clinical disorders of acid–base balance are di-
vided into those of respiratory and metabolic origin. In respi-
ratory acid–base disorders, carbon dioxide accumulation

or depletion results from primary abnormalities of lung
function. In metabolic disorders, nonvolatile acid or alkali
accumulates as a result of renal or extrarenal derangements.

Because acid–base disorders are largely laboratory diag-
noses, several concepts deserve emphasis. One is the
distinction between acidemia (or alkalemia) and acidosis (or
alkalosis). Acidemia and alkalemia simply refer to devia-
tions of blood pH from normal. Acidosis and alkalosis re-
fer to processes that lead to an abnormal excess of acid or
alkali. A patient with a well-compensated acidosis can have
a near-normal blood pH; one with a mixed acid–base dis-
order can have a completely normal pH. The terms acidosis
and alkalosis always indicate pathology and should not be
used to describe a normal compensatory process. For ex-
ample, a normal physiologic increase in ventilation and
lowering of blood carbon dioxide tension (pCO2) in re-
sponse to a metabolic acidosis should not be referred to as
respiratory alkalosis.

Although the interpretation of electrolytes alone is
informative and often can reveal the correct acid–base diag-
nosis, it is frequently necessary to obtain blood-gas measurements
to be certain of the diagnosis. For example, a patient with a
high plasma bicarbonate concentration ([HCO3

–]) is either
suffering from a metabolic alkalosis or compensating for a
respiratory acidosis. Likewise, a patient with a low plasma
[HCO3

�] either has a metabolic acidosis or is compensating
for a respiratory alkalosis. In each of these examples, the
clinical history and a careful physical examination often can
distinguish the two possibilities. However, blood gases
yield additional and often critical information. For instance,
no matter what the primary disorder is, one needs to know
whether the secondary compensation is appropriate. Thus,
blood-gas analysis may provide the sole indication of
a mixed acid–base disorder. For primary respiratory
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acid–base disturbances, knowledge of the arterial oxygen
tension and the calculated alveolar–arterial oxygen tension
(pO2) is an integral part of the laboratory interpretation and
guides management of the patient.

Once these analyses have been completed, the physician
should know whether he or she is dealing with an acidosis
or an alkalosis, whether it is metabolic or respiratory in ori-
gin, and whether the appropriate compensations have oc-
curred. In this chapter, a brief summary is presented for
each of these disorders. Although these diagnoses are
largely based on laboratory data, one must underscore the
importance of the clinical history and examination in alert-
ing the clinician to look for mixed disorders and in identi-
fying the cause of the acid–base disturbances.

METABOLIC ACIDOSIS

In general, metabolic acidosis is rarely the sole reason for
admission to the hospital, but the presence of metabolic aci-
dosis always necessitates a careful search for an underlying
cause. Patients with metabolic acidosis are admitted for
conditions that may or may not be related causally to the
acidosis. Metabolic acidosis is usually detected as a low
serum [HCO3

�]. It is important to remember that a low
serum [HCO3

�] associated with a normal to slightly in-
creased anion gap may result from primary respiratory al-
kalosis with metabolic compensation. If the clinical setting
suggests the cause of a primary metabolic acidosis, it may
not be necessary to measure an arterial blood gas. The only
finding on physical examination indicative of a metabolic
acidosis is the slow, deep breathing pattern known as Kuss-
maul respirations.

Diagnostic Approach

After a primary metabolic acidosis is documented, the next
step in the clinical approach is to assess the plasma or
serum anion gap (Figure 105.1), the difference between un-
measured cations and unmeasured anions. This is calcu-
lated as: Anion gap � Na� � (Cl� � HCO3

�).
A normal anion gap is 8 to 16 mEq/L. An increased an-

ion gap can help pinpoint the underlying cause of
metabolic acidosis. Because the normal range of the anion
gap is rather broad, a mild elevation on a single laboratory
sample should not be considered diagnostic.

Elevated Anion Gap

Conditions associated with an increased anion gap in-
clude ketoacidosis, lactic acidosis, ingestion of poisons,
and advanced renal failure. With the possible exception of
renal failure, all these conditions are medical emergencies
that require rapid definitive diagnosis. The clinical effects
of severe metabolic acidosis are myriad and affect multi-
ple organs. In the acute setting, the most life-threatening

sequelae are depressed cardiac contractility and vascular
collapse. Lactic acidosis usually occurs secondary to tissue
hypoxia. It should be suspected in a patient with low
blood pressure or a known infection. Ketoacidosis occurs
in conditions in which the body switches from carbohy-
drate to fat metabolism. Known diabetic and alcoholic pa-
tients who recently have stopped ingesting food are at risk
for ketoacidosis. Measurement of serum lactate and ke-
tones confirms the diagnosis of lactic acidosis and ke-
toacidosis, respectively. Overdoses and ingestions associated
with anion-gap acidosis include salicylates (which can
generate lactic and ketoacidosis) and methanol or ethy-
lene glycol, which are metabolized to organic acids. Sali-
cylate overdoses are suggested by a coexistent respiratory
alkalosis and tinnitus. Methanol and ethylene glycol in-
toxication are associated with an increased osmolar gap;
measured plasma osmolality is more than 10 mOsm/L
greater than that calculated from the following formula:
Plasma osmolality (calculated) � 2 Na� � glucose / 18 �
blood urea nitrogen / 2.8.

Methanol intoxication is associated with retinal pallor
and visual complaints; ethylene glycol intoxication causes
renal failure, calcium oxalate crystalluria, and symptoms of
hypocalcemia. These clinical features are often absent, in
which case the only clue to these diagnoses is elevation of
both the osmolar and anion gaps. Delays in the recognition
and treatment of methanol or ethylene glycol poisoning
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Renal tubular
acidosis

Renal failurea 

Diarrhea

Ketoacidosis
Lactic acidosis
Renal failurea

Ingestions
• Salicylates
• Methanol
• Ethylene glycol
• Paraldehyde

Metabolic Acidosis 

> 16 < 16 

Plasma anion gap 

Urinary anion gap

Positive (i.e., > 0) Negative (i.e., < 0) 

Figure 105.1 Approach to the patient with primary metabolic
acidosis. a Renal insufficiency may be associated with a normal or
increased anion gap.
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result in poor outcomes; early recognition and manage-
ment (including dialytic therapy) are highly effective
(Chapter 121).

Normal Anion Gap

A significant proportion of regulated acid excretion is in the
form of NH4

�. For clinical purposes, urinary NH4
� level

can be used to assess renal acid excretion. In anion gap aci-
doses such as ketoacidosis, lactic acidosis, or poisons, mea-
suring renal acid excretion is of little relevance because the
acid production rate is so high that even a perfect renal re-
sponse would not be able to correct the acidosis. Renal acid
excretion is of more clinical interest if there is a normal an-
ion-gap metabolic acidosis. This form of metabolic acido-
sis can result from gastrointestinal bicarbonate loss (e.g.,
massive diarrhea) or failure of the kidneys to excrete acid
(i.e., renal acidosis). The distinction between these two
groups of disorders is based on the urinary NH4

� excretion.
In extrarenal acidoses such as diarrhea, urinary NH4

�

excretion is increased. In renal acidosis, the urinary NH4
�

level is inappropriately low. Urinary NH4
� excretion is reg-

ulated by changes in NH3 synthesis, as well as by H� secre-
tion. Urinary pH is a poor indicator of acid excretion in the
urine because the amount of acid (primarily NH4

�) in the
urine cannot be estimated from the urinary pH alone. In
patients with chronic diarrhea, increased urinary NH4

� ex-
cretion is associated with a urinary pH greater than 5.5.
Conversely, in acidosis of chronic renal disease, NH3 syn-
thesis is decreased and low levels of urinary NH4

� excretion
are associated with a low urine pH (�5.5).

Clinically, the most readily available estimate of urinary
ammonium excretion is based on the urinary anion gap,
which is calculated as follows: urinary anion gap � urinary
Na � urinary K � urinary Cl.

In the normal physiological steady state, when urinary
NH4

� excretion is in the normal range, the urinary anion
gap is positive (20–60 mmol/L). In patients with a chronic
metabolic acidosis of extrarenal origin and normal renal
function, urinary NH4

� excretion increases significantly.
Because NH4

� is excreted as NH4Cl, this leads to a signifi-
cant increase in urinary [Cl�], causing the urinary anion
gap to become more negative (�0 mmol/L). Patients with
all forms of acidoses of renal origin fail to increase urinary
NH4

� excretion appropriately for the level of acidosis and
thus have a positive urinary anion gap (�0 mmol/L).

Patients with renal acidosis may have either renal insuf-
ficiency or a renal tubular acidosis. It is important to re-
member that renal insufficiency can be associated with a
normal or increased plasma anion gap. The high anion gap
results from a failure of the kidney to excrete unmeasured
anions such as sulfate, while the generation of acidosis re-
sults from a failure of the kidney to excrete sufficient acid
(NH4

�) in the urine. Although these defects both
frequently occur around a glomerular filtration rate of
20 mL/min, they can occur independent of each other.

Figure 105.2 shows the workup for a patient with renal
tubular acidosis. Table 105.1 lists the causes of renal tubu-
lar acidosis. Hyperkalemic distal renal tubular acidosis is
caused either by a decrease in mineralocorticoid activity or
by an abnormal cortical collecting duct. These defects lead
to defects in both K� and H� secretion, resulting in hyper-
kalemic acidosis (1). Low mineralocorticoid states can be
associated with low renin and aldosterone levels (hy-
poreninemic hypoaldosteronism) or with isolated decreases in
aldosterone secretion (hypoaldosteronism). Hypokalemic
distal renal tubular acidosis is most commonly associated
with hypergammaglobulinemic disorders, such as Sjögren
syndrome in adults. It also can been seen with ampho-
tericin B therapy. Proximal renal tubular acidosis and Fan-
coni syndrome (generalized proximal tubule dysfunction)
occurring in adults is usually associated with dysprotein-
emic disorders such as multiple myeloma and monoclonal
gammopathies. Regardless of the cause of the metabolic
acidosis, the lung compensates for the low [HCO3

�] by
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Figure 105.2 Workup of the patient with renal acidosis. RTA,
renal tubular acidosis.
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It is important to note that this equation merely guides
the initial dose of bicarbonate. As bicarbonate deficits vary
tremendously among individuals with the same plasma
bicarbonate concentration, modifications must be made
based on response. It is imperative that one not neglect the
reversal of the underlying disease simply because alkali
therapy is correcting the plasma bicarbonate level tran-
siently.

In adult ethylene glycol and methanol poisoning,
metabolism of the poisons to their toxic metabolites can be
inhibited by the administration of fomepizole, an alcohol
dehydrogenase inhibitor (2,3). Fomepizole treatment can
be combined with hemodialysis and has proven safe and
effective. After initial loading of 15 mg/kg intravenously,
10 mg/kg q 12 hrs intravenously for four doses are admin-
istered, followed by 15 mg/kg q 12 hrs intravenously until
methanol or ethylene glycol levels become undetectable.
With simultaneous hemodialysis, dosage frequency needs
to be increased to q 4 hrs.

Although alkali treatment of acute metabolic acidosis
is usually unnecessary, the treatment of chronic metabolic
acidosis is important. The sequelae of untreated chronic
metabolic acidosis include muscle wasting, nephrocalci-
nosis, nephrolithiasis, and loss of bone density. Patients
with this problem can be given either bicarbonate or
citrate. Citrate is better tolerated but cannot be used in
patients with renal insufficiency who are taking aluminum-
containing phosphate binders, because it enhances
aluminum absorption. Alkali can be administered as Na�

or K� salts. K� salts are somewhat advantageous in that
Na� administration increases urinary Ca2� excretion and
also can worsen hypertension. Such treatment regimens
need not be started in the hospital but are most conve-
niently initiated before discharge.

METABOLIC ALKALOSIS

Again, patients are rarely admitted for the sole indication of
metabolic alkalosis but generally are admitted for conditions
either causative of or concurrent with metabolic alkalosis.
This problem usually manifests as a high plasma HCO3

�

level. Elevated plasma [HCO3
�] can be caused by either a

primary metabolic alkalosis or a primary respiratory acidosis
with metabolic compensation. If the cause of metabolic al-
kalosis is obvious and hypoventilation is not suspected, ar-
terial blood-gas measurements are not necessary. The find-
ing of hypokalemia with a high serum [HCO3

�] also
suggests metabolic alkalosis rather than respiratory acidosis.
The respiratory compensation for metabolic alkalosis can be
incomplete because the alkalemia-induced ventilatory sup-
pression is overridden by secondary hypoxemia.

Diagnostic Approach

The differential diagnosis of metabolic alkalosis depends
on the assessment of the effective arterial volume (Figure
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increasing alveolar ventilation and lowering pCO2. For
every 10 mEq/L fall in serum [HCO3

�], one expects a fall in
pCO2 of 10 to 15 mm Hg. Deviation from the expected
compensation should alert the clinician to look for super-
imposed respiratory acid–base disturbances.

Treatment Issues

The management of acute metabolic acidosis in the hospital
usually is directed at the underlying disorder. Level of care
and monitoring are dictated by the nature of the causative
disorder. One key decision related to metabolic acidosis is
whether to administer bicarbonate or to wait for other treat-
ment to correct the acidosis. In general, it is not necessary to
treat with alkali, because most levels of metabolic acidosis
seen clinically are not immediately life threatening. How-
ever, if the plasma pH is less than 7.15 and reversal of the un-
derlying disorder of acid generation is not imminent, alkali
therapy can be administered. If one does treat metabolic aci-
dosis, it is important to give enough bicarbonate to accom-
plish one’s goal. Because metabolic acidosis is associated
with increased acid–base buffering and an increased appar-
ent volume of distribution of bicarbonate, one can use the
following equation to guide the therapy: administered
HCO3

� � �HCO3
�

serum � body weight in kg (Example:
4 ampules of each 50 ml 8.4% NaHCO3

�-solution [ampule
[HCO3

�] concentration 1 mmol/mL] administered to a
patient with a body weight of 100 kg would increase the
patient’s serum [HCO3

�] by 2 mmol/L).

TABLE 105.1
CAUSES OF RENAL TUBULAR ACIDOSIS

Hyperkalemic distal
Decreased mineralocorticoid activity

Hyporeninemic hypoaldosteronism
Glomerular and interstitial disease, e.g., diabetes
Nonsteroidal anti-inflammatory drugs

Hypoaldosteronism
Adrenal insufficiency
Heparin
Angiotensin-converting enzyme inhibitor

Abnormal cortical collecting duct
Obstruction
Systemic lupus erythematosus
Diabetes
Sickle-cell disease

Hypokalemic distal
Hypergammaglobulinemic disorders: Sjögren syndrome
Amphotericin B
Congenital disorders of H� or HCO3

� transporters
Proximal

Dysproteinemias
Multiple myeloma
Monoclonal gammopathies
Amyloidosis
Congenital disorders of HCO3

� transporter
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105.3). In most patients with metabolic alkalosis, effective
arterial volume is decreased, and the kidney attempts to
compensate by retaining sodium bicarbonate. Metabolic
alkalosis is not an invariant finding in all patients with a
low effective arterial volume. However, once alkalosis is
generated, a low effective arterial volume triggers the kid-
ney to maintain the alkalosis. A low effective arterial vol-
ume is suggested by a constellation of findings, including
postural changes in pulse or blood pressure, low central ve-
nous pressure, a low urinary [Na�] or [Cl�], and a high
blood urea nitrogen or serum uric acid level.

The two most common conditions causing low effective
arterial volume are vomiting and diuretic use. In vomiting,
loss of hydrochloric acid (HCl) from the stomach generates
an alkalosis, and low effective arterial volume maintains it.
With diuretics, the kidney is responsible for both the gen-
eration and maintenance of the metabolic alkalosis. In pa-
tients with no apparent cause of metabolic alkalosis, mag-
nesium deficiency should be considered because it also can
lead to renal generation and maintenance of the alkalosis.
Posthypercapneic alkalosis refers to chronic hypercapnia,
leading to a compensatory increase in the serum [HCO3

�].
Correction of the hypercapnia then should lead to correc-
tion of the alkalosis. However, if a patient is volume con-
tracted, alkalosis fails to correct and there is a persistent
posthypercapnic alkalosis.

Metabolic alkalosis also may be associated with an in-
creased effective arterial volume and hypertension. In this
setting, it is maintained by increased mineralocorticoid
activity or level, which stimulates urinary acid excretion.
These disorders represent the most common causes of
curable secondary hypertension. Importantly, the triad of
hypertension, metabolic alkalosis, and hypokalemia is not
always present in hyperaldosterone states.

If volume depletion is absent in a patient with metabolic
alkalosis, the next diagnostic step depends upon serum
renin and aldosterone levels. Because there are wide ranges
of normal plasma renin and aldosterone levels, random
plasma levels should be interpreted cautiously, in the con-
text of volume status and dietary NaCl intake. Simultane-
ous low renin and high aldosterone levels can be diagnos-
tic regardless of volume status. As shown in Figure 105.3,
renin and aldosterone levels may both be high (primary
hyperreninemia), renin may be low and aldosterone high
(primary hyperaldosteronism), or both renin and aldosterone
levels may be low (aldosterone-independent mineralocorticoid
effect). In the case of both high renin and high aldosterone
levels, it is important to distinguish primary hyperreninism
from low effective arterial volume. All causes of metabolic
alkalosis associated with a low effective arterial volume are
associated with high renin and aldosterone levels. If uncer-
tainty exists about the effective arterial volume, it is useful
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to perform a saline-suppression test. The high renin and al-
dosterone levels secondary to hypovolemia normalize in
response to saline infusion, whereas this response is not
seen with primary hyperreninism.

Table 105.2 lists the more common causes of metabolic
alkalosis associated with hypermineralocorticoid states.
Primary hyperreninism is most frequently associated with
renovascular disease, although a majority of patients with
renovascular disease do not exhibit hypokalemic alkalosis.
Renovascular disease can be diagnosed by renal angiogra-
phy (Chapter 48). Primary hyperaldosteronism usually is
caused either by an adrenal adenoma or a bilateral adreno-
cortical hyperplasia. The distinction between these disor-
ders is extremely important, because aldosterone-secreting
adenomas can be cured by unilateral adrenalectomy. In
contrast, adrenalectomy is not recommended for bilateral
adrenocortical hyperplasia. The distinction between these
two disorders is based upon computed tomography results
and adrenal vein sampling.

The combination of metabolic alkalosis, hypertension,
and low renin and aldosterone levels frequently occurs in
patients with Cushing syndrome (Chapter 106). The magni-
tude of the hypokalemia and alkalosis depend on the level
of cortisol and typically are most severe in ectopic ACTH
syndrome. Other possibilities to consider in this setting are
licorice ingestion and Liddle syndrome, a rare familial dis-
order caused by a mutation in the cortical collecting duct
luminal membrane Na� channel.

Treatment Issues

Clinical decisions regarding hospitalization or ICU admis-
sion are based on the associated disorders rather than the
metabolic alkalosis per se. Metabolic alkalosis usually does
not require treatment acutely. However, there are a few sit-
uations in which acute treatment is recommended. In pa-
tients with chronic obstructive lung disease, respiratory
suppression caused by the metabolic alkalosis may be
problematic. Also, in patients with cerebral or cardiac is-
chemia, tissue hypoxemia may occur secondary to an alka-

losis-induced increase in the oxygen affinity of hemoglobin
and vasoconstriction. In these settings, the alkalosis can be
corrected by treating the cause responsible for maintenance
of the alkalosis (decreased effective arterial volume, pri-
mary increase in mineralocorticoid). If one cannot treat the
primary cause and if pH is greater than 7.55, metabolic al-
kalosis can be corrected with carbonic anhydrase inhibitors
such as acetazolamide, 250 to 500 mg given orally every
8 hours with strict monitoring of electrolytes. Alternatively,
0.1-N hydrochloric acid can be administered via central
line at a rate of 10 to 20 mEq/h; this is generally safe if ad-
ministered slowly.

RESPIRATORY ACIDOSIS

In general, respiratory acid–base disturbances have less
complex underlying pathophysiologies than the metabolic
disorders described previously. Metabolic acidosis may re-
sult from increased acid production, reduced acid disposal,
or both. In respiratory acidosis, the acid load is always from
metabolic carbon dioxide. However, increased carbon dioxide
production alone does not lead to carbon dioxide accumu-
lation if the ventilatory system is intact. For example,
plasma pCO2 changes minimally when carbon dioxide
production rises from 15,000 mmol/d at rest to 450,000
mmol/d with heavy exercise. This 30-fold increase in car-
bon dioxide production is compensated completely by an
increase in carbon dioxide excretion. Respiratory acidosis is
invariably caused by abnormal carbon dioxide clearance,
not increased production. In other words, in respiratory
acidosis, one is dealing exclusively with a ventilatory prob-
lem, and therefore, for clinical purposes, one can equate
respiratory acidosis with alveolar hypoventilation. Causes of
alveolar hypoventilation are reviewed subsequently.

Diagnostic Approach

The clinical presentation of respiratory acidosis reflects the
underlying pulmonary disease (Chapter 24). Carbon diox-
ide retention can lead to lethargy and coma (carbon dioxide
narcosis), increased intracranial pressure, cardiac dysrhyth-
mias, and impaired myocardial contractility. These effects
are more pronounced if the carbon dioxide retention is
acute. Of note is that physiologic hypoventilation sec-
ondary to metabolic alkalosis never compromises arterial
oxygenation. Respiratory acidosis should be considered if
there is a high plasma pCO2 level (hypercapnia). If arterial
blood gases have not been drawn, respiratory acidosis may
be suggested by an elevated plasma [HCO3

�], reflecting re-
nal compensation. Therefore, in a patient with a high
plasma [HCO3

�], respiratory acidosis always should be
excluded by measurement of arterial blood gases before
proceeding to a full workup of metabolic alkalosis. Figure
105.4 shows an algorithm for the evaluation of respiratory
acidosis.
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TABLE 105.2
METABOLIC ALKALOSIS ASSOCIATED WITH
PRIMARY HYPERMINERALOCORTICOID STATE

Primary hyperreninism
Renovascular disease

Primary hyperaldosteronism
Adrenal adenoma
Bilateral adrenal hyperplasia

Aldosterone-independent mineralocorticoid effect
Cushing syndrome
Licorice intoxication
Liddle syndrome
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In a patient with hypercapnia, the clinician first should
examine the blood pH. A high pCO2 in the presence of al-
kalemia usually is caused by respiratory compensation for
metabolic alkalosis. A high pCO2 with acidemia secures the
diagnosis of respiratory acidosis. There are then two further
issues to consider. The first is the degree of rise in [HCO3

�]
in response to carbon dioxide retention. The magnitude of
the secondary change in serum [HCO3

�] may indicate su-
perimposed metabolic disorders. For example, in a patient
with chronic obstructive pulmonary disease and right-heart
failure being treated with diuretics, a pCO2 of 58 mm Hg
and a pH of 7.36 would establish the diagnosis of respira-
tory acidosis. If the serum [HCO3

�] were 40 mmol/L, this
would be inappropriately high for physiologic renal com-

pensation (expected serum [HCO3
�] around 32 mmol/L)

and would indicate a mixed disorder of respiratory acidosis
and metabolic alkalosis.

The second issue after establishing the diagnosis of res-
piratory acidosis is to determine the cause of the alveolar
hypoventilation (Table 105.3). The first two categories
(“would not breathe” and “could not breathe”) represent
pathologic alveolar hypoventilation; the third represents
physiologic hypoventilation. A discussion of the neu-
roanatomy and pulmonary mechanics of ventilatory
control is beyond the scope of this chapter, but hypoventi-
lation can result from lesions in the respiratory center, the
peripheral nerves controlling the diaphragm, the thoracic
cage, and the lower and upper airways.
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Figure 105.4 Approach to the patient with elevated pCO2.
a Hypoxemia may pose the most acute threat to patients with alveolar hypoventilation; oxygenation
should be checked and treated promptly. b For each 10 mm Hg increase in pCO2, in primary respi-
ratory acidosis one expects serum [HCO3

�] to increase (from 24 meq/L) by 1 meq/L (in acute respi-
ratory acidosis) to 3.5 meq/L (in chronic respiratory acidosis). pCO2, partial pressure of carbon diox-
ide; PaO2, partial pressure of oxygen.
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Treatment Issues

The management of respiratory acidosis is directed at the
underlying cause. Indications for intubation and mechani-
cal ventilation are covered in Chapter 23. Although the
acidemia from hypercapnia may be dangerous, accompa-
nying hypoxemia often poses the most immediate risk to
survival. Two points regarding the acid–base aspects of hy-
poventilation management are key. The first concerns the
rate of correction of the hypercapnia. If chronic respiratory
acidosis is treated with mechanical ventilation, the com-
pensatory metabolic changes persist after the normaliza-
tion of pCO2. If eucapnia is restored suddenly, formerly
adaptive mechanisms can become detrimental. An exam-
ple is the change that occurs in the affinity of hemoglobin
for oxygen. Acidemia lowers the oxygen affinity of
hemoglobin, which thereby enhances tissue oxygen deliv-
ery. During chronic respiratory acidosis, intraerythrocytic
metabolic changes increase and restore the oxygen affinity
of hemoglobin back toward normal. Upon sudden nor-
malization of pCO2, acidemia disappears, and the high
serum [HCO3

�] greatly enhances the oxygen affinity of

hemoglobin, impairing oxygen release to tissues. This may
result in tissue hypoxia, despite the presence of well-
oxygenated arterial blood. The sudden alkalemia and the
vasoconstriction it induces further aggravate this situation.
Thus, one should not immediately and completely correct
pCO2 in treating a hypercapnic patient.

Chronic respiratory acidosis is frequently associated
with metabolic alkalosis, particularly if diuretic agents are
used. Even if metabolic alkalosis is not initially present, it
may develop as hypercapnia is being corrected (see later in
this chapter). Alkalemia suppresses ventilatory drive and
thus may delay and impair the ability to improve ventila-
tion and oxygenation. Carbonic anhydrase inhibitors such
as acetazolamide (250 mg orally twice or three times daily)
induce sufficient bicarbonaturia to lower plasma [HCO3

�]
toward normal. Use of acetazolamide should be consid-
ered daily, with continued assessment of the patient’s
clinical and laboratory status guiding dosage modification
or cessation. Acetazolamide therapy can lead to life-
threatening hypokalemia, “overshoot” metabolic acidosis,
and aggravate extracellular fluid volume contraction. Con-
current NaCl and KCl supplementation are frequently nec-
essary. An alternative way of lowering serum [HCO3

�] is to
infuse dilute HCl through a central venous catheter or to
administer it orally. Either of these maneuvers can be used
to facilitate weaning from mechanical ventilation or to im-
prove oxygenation after transfer from the ICU.

The outcome of respiratory acidosis depends on the un-
derlying cause. One cannot overemphasize the frequency
and lack of recognition of metabolic alkalosis in patients
with chronic respiratory acidosis. Chronic diuretic use is a
common culprit. In addition to metabolic alkalosis, the
potassium depletion caused by diuretic therapy can lead to
respiratory muscle weakness and worsened hypoventila-
tion. Aggressive diuretic therapy, therefore, should be re-
served for patients with severe pulmonary, gastrointestinal,
or peripheral edema, those with anorexia or dyspnea from
ascites, or those with hepatic congestion.

RESPIRATORY ALKALOSIS

A number of the pathophysiologic principles discussed pre-
viously can be applied to respiratory alkalosis. Respiratory al-
kalosis is synonymous with alveolar hyperventilation. If the cause
of alveolar hyperventilation is hypoxemia, respiratory alka-
losis is an appropriate compensation to maintain oxygen sat-
uration at the expense of acid–base homeostasis. A patient
presenting with pulmonary disease and respiratory alkalosis
who “normalizes” the pCO2 and pH may be tiring and on
the verge of impending respiratory failure (Chapter 24).

The clinical presentation of respiratory alkalosis reflects
the underlying disease. The clinical examination may
reveal dyspnea; increased respiration rate and tidal volume;
symptoms and signs of neuromuscular irritability such as
acroparesthesia, carpopedal spasm, or seizures; and cardiac
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TABLE 105.3
CAUSES OF ALVEOLAR HYPOVENTILATION

“Would not breathe”: pathologic decrease in central respiratory
drive
Pharmacologic respiratory depressants

Sedatives
Opiates
General anesthetics

Primary central nervous system diseases
Neoplasm
Infection
Inflammatory
Hemorrhage
Idiopathic

“Could not breathe”: impairment of ventilatory mechanisms
Peripheral nerve

Pharmacologic: e.g., succinylcholine
Traumatic
Neoplastic invasion
Inflammatory: e.g., Guillain-Barré syndrome

Diaphragm
Massive ascites
Myopathies

Thoracic spine: kyphoscoliosis
Chest wall/thorax

Flail chest
Malignant obesity
Pneumothorax

Airway obstruction
Chronic obstructive pulmonary disease
Bronchospasm
Upper airway obstruction

“Should not breathe”: physiologic decrease in central ventilatory
drive
Metabolic alkalosis
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dysrhythmias. Hyperventilation is not pathognomonic for
respiratory alkalosis because it may be a response to
metabolic acidosis. Like respiratory acidosis, the diagnosis of
respiratory alkalosis relies on laboratory data, especially arte-
rial blood gases. Abnormalities in routine blood chemistries
may be indistinguishable from those seen in the setting of
normal anion gap metabolic acidosis. This confusion is com-
pounded further by the fact that patients with metabolic aci-
dosis usually have evidence of compensatory hyperventila-
tion on physical examination. The reduced plasma [HCO3

�]
level seen in patients with primary respiratory alkalosis may
not be completely offset by an equivalent rise in Cl�; this re-
sults in a slight elevation of the anion gap. Therefore, it is im-
perative that arterial blood-gas measurements be used to
evaluate the patient with respiratory alkalosis.

Diagnostic Approach

Figure 105.5 outlines the approach to a patient with a low
pCO2. The presence of acidemia suggests that the hyper-
ventilation is secondary to metabolic acidosis; the evalua-
tion of the patient should proceed as outlined in Figure
105.1. Hypocapnia and alkalemia establishes the diagno-
sis of respiratory alkalosis. As discussed in the preceding
section, hypocapnia causes secondary changes in serum
[HCO3

�]. Acute or chronic reduction in pCO2 leads to
lowering of the serum [HCO3

�], which minimizes the
change in plasma pH. Because the renal response devel-
ops gradually, there is no sharp distinction between acute
and chronic phases. An analysis of the serum [HCO3

�]
helps identify possible superimposed metabolic disorders,
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Concurrent
metabolic
acidosis

Concurrent
metabolic
acidosis

Compensation
for metabolic
acidosis (see
Figure 105.1)

Appropriate
compensation

Respiratory
alkalosis

PaO2
a 

Low pCO2 

>7.4 <7.4 

pH

Change in plasma
[HCO –3  ] b

< Expected 2 mEq/L 5 mEq/L 

Acute Chronic

> Expected

Figure 105.5 Approach to the patient with low pCO2. a Use to determine etiology of respiratory
alkalosis—see text and Table 105.4. b For each 10 mm Hg decrease in pCO2, in primary respiratory
alkalosis one expects serum [HCO3

�] to decrease (from 24 meq/L) by 2 meq/L (in acute respiratory
alkalosis) to 5 meq/L (in chronic respiratory alkalosis). PaO2, partial pressure of oxygen; pCO2, par-
tial pressure of carbon dioxide.
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which is important because mixed acid–base disorders fre-
quently are encountered. If the fall in serum [HCO3

�]
exceeds that predicted from the normal renal compen-
sation, a superimposed metabolic acidosis should be
considered. Common scenarios of concurrent respiratory
alkalosis and metabolic acidosis include salicylate poisoning,
sepsis, and advanced liver disease. If renal compensation
for respiratory alkalosis appears to be inadequate, one
should consider a superimposed metabolic alkalosis. For
example, an individual who is hyperventilating from
mountain sickness and begins to vomit may develop
severe, life-threatening alkalemia.

Respiratory alkalosis can be divided into causes driven by
hypoxemia, non–hypoxemia-related causes, or both (see
Table 105.4). Arterial blood gases are absolutely essential in
making this distinction. If tissue hypoxia is present, car-
diopulmonary diseases most commonly are implicated.
Although hyperventilation may be seen in patients with
mild pulmonary diseases prior to the development of hy-
poxemia, hypoxemia is usually a more important factor. A
number of disorders can produce hypoxemia through mul-
tiple mechanisms. For example, pulmonary edema
resulting from left-heart failure lowers pO2 by reducing the
ventilation:perfusion ratio and increasing diffusion block,
at the same time lowering venous oxygen concentration
caused by low cardiac output and increased peripheral
extraction (Chapter 39).

Conditions in which patients hyperventilate despite
relatively normal pO2 and tissue oxygenation include
disorders with heightened ventilatory drive caused by
factors other than pH, pCO2, or pO2. In early septicemia,
respiratory alkalosis can precede the onset of fever, leuko-

cytosis, or hypotension (Chapter 26). Sudden onset of
unexplained respiratory alkalosis in the hospitalized
patient should prompt the clinician to consider sepsis.
Salicylate intoxication also may cause respiratory alkalosis
without hypoxemia (Chapter 121). Salicylates directly
stimulate the central respiratory center, and respiratory
alkalosis may be the only abnormality seen in early acute
intoxication. In this instance, the alkalemia is protective
against the central nervous system toxicity of salicylates
because it increases the fraction of salicylate in its ionized,
impermeable form. As salicylate intoxication evolves,
the acid–base picture is compounded by a metabolic
acidosis that aggravates the central nervous system toxicity
of salicylates. Management includes general supportive
measures plus alkaline diuresis and, in severe cases,
hemodialysis (Chapter 121). Respiratory alkalosis also can
be seen with rapid correction of chronic compensated
metabolic acidosis. If the serum [HCO3

�] suddenly is
raised to normal and plasma pH rises, the peripheral
acidemic ventilatory drive decreases, and pCO2 transiently
rises. The rise in peripheral [HCO3

�] is followed by a slow
rise in cerebrospinal fluid [HCO3

�], but the rise in plasma
pCO2 is transmitted rapidly to the cerebrospinal fluid,
providing a strong drive for ventilation. This is of particular
concern if the acidosis is overcorrected rapidly; the combi-
nation of metabolic and respiratory alkalosis may generate
severe alkalemia.

Treatment Issues

In addition to correcting hypoxemia (if present), the most
important therapeutic consideration when respiratory alka-
losis is present is to treat the underlying cause(s), as out-
lined above. Rarely does alkalemia warrant therapy unless
a metabolic alkalosis is also present.

KEY POINTS

■ The establishment of acid–base diagnoses often reveals
previously unrecognized diseases and provides an index
of their severity. Therapy is usually directed at the under-
lying condition.

■ Plasma electrolytes alone often can establish an
acid–base diagnosis. However, if there is any uncer-
tainty, arterial blood-gas measurements are invaluable.
Arterial blood-gas levels should be obtained in all situa-
tions in which a respiratory or mixed acid–base disorder
is suspected.

■ Metabolic acidosis should be approached in terms
of whether there are accumulated unmeasured anions
in the plasma. If the anion gap is not elevated, renal 
and extrarenal causes can be distinguished by measur-
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TABLE 105.4
CAUSES OF RESPIRATORY ALKALOSIS

Associated with tissue hypoxia
Decreased pO2 of inspired gases: e.g., high-altitude exposure
Reduced ventilation/perfusion ratio: e.g., pneumonia,

pulmonary edema
Shunt

Anatomic: e.g., congenital heart disease
Physiologic: e.g., pulmonary embolus with reperfusion

Diffusion block: e.g., pulmonary fibrosis
Decreased venous pO2: low cardiac output, anemia

Not related to tissue hypoxia
Anxiety-related psychogenic hyperventilation
Primary central nervous system diseases: e.g., stroke,

infection, malignancy
Hormonally induced: e.g., progesterone in pregnancy
Pharmacologic: e.g., salicylates
Fever/septicemia
Liver disease
Rapid correction of metabolic acidosis
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ing the urinary anion gap, which assesses renal acid
excretion.

■ Metabolic alkalosis can result from effective arterial
volume contraction or heightened mineralocorticoid
activity. The latter represents the most frequently
encountered form of curable secondary hypertension
and can be divided into primary disturbances in renin
secretion, aldosterone secretion, and mineralocorticoid
effect.

■ Respiratory acidosis and alkalosis are disorders of alveo-
lar hypoventilation and hyperventilation, respectively.
Mixed acid–base disorders are common in patients with
pulmonary disease.

■ Chronic respiratory acidosis with stable renal compensa-
tion should not be corrected acutely. Always look for and
correct concurrent metabolic alkalosis in patients with
chronic respiratory acidosis.

■ Respiratory alkalosis is usually secondary to tissue hy-
poxemia, and management should be directed at im-
proving oxygenation. If alveolar hyperventilation is not
associated with hypoxemia, it may be a harbinger of
other important systemic diseases.
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INTRODUCTION

Clinical endocrinology encompasses an extensive range of
disorders. The majority of these begin insidiously and
progress gradually, with the result that their evaluation
and management are largely based in the ambulatory set-
ting. Thus, endocrine disease is seldom the principal ad-
mitting diagnosis in the hospital setting. Rather, it either
presents as a comorbid condition or is first detected clini-
cally or through abnormal laboratory test findings as an
ancillary disorder during hospitalization. On the other
hand, non-endocrine disease and certain medications can
lead to profound abnormalities in some laboratory values
that might normally indicate the presence of endocrine
disease.

This chapter addresses certain clinical signs that suggest
endocrine disease and offers recommendations for their
cost-effective evaluation and management. In addition, the

chapter considers the interpretation of abnormal results of
thyroid laboratory tests during acute illness and discusses
some laboratory tests for assessing pituitary function.

GOITER

When Presenting at the Time of Admission

Description and Differential Diagnosis

The term goiter refers to enlargement of the thyroid gland
(thyromegaly). The enlargement may involve the gland dif-
fusely (diffuse goiter) or may comprise one or more nodules
(uninodular or multinodular goiter). In a patient who pre-
sents with a goiter, the palpatory characteristics of the
gland, such as size, consistency, nodularity, and the pres-
ence or absence of tenderness, should be determined, as
they may shed light on the cause. Movement on swallow-
ing should be assessed, as this is a characteristic feature of
the thyroid gland, distinguishing it from other neck masses.
Movement is lost when the gland is fixed to adjacent struc-
tures, such as may occur with thyroid carcinoma or Riedel
thyroiditis. Auscultation of the goiter should be performed,
as it may disclose a systolic or continuous bruit, usually

106
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signifying the hypervascular gland of Graves’ disease. The
presence of a retrosternal goiter may be revealed by the
arm-raising test, which leads to further narrowing of the
thoracic outlet and results in facial congestion and inspira-
tory stridor (Pemberton’s sign).

Goiter may lead to hyperthyroidism, be associated with
hypothyroidism, cause obstructive manifestations, or har-
bor a malignant neoplasm (Table 106.1). A diffuse goiter
that is softer than normal and has a bruit is characteristic of
Graves’ disease, and the patient will be thyrotoxic and may
display other features of Graves’ disease, such as infiltrative
ophthalmopathy. A diffuse goiter that is firmer than nor-
mal and has a finely irregular surface is highly suggestive of
chronic autoimmune thyroiditis (Hashimoto’s thyroiditis),
and the patient may be hypothyroid. A multinodular goiter
is found in older patients, has usually been present for
many years, and may cause obstructive manifestations if it
is very large or plunges retrosternally, or it may lead to hy-
perthyroidism, especially if the patient has received large
quantities of iodine (Jod-Basedow disease). A dominant nod-
ule in a multinodular goiter or a solitary nodule in a nor-
mal thyroid gland may be the seat of thyroid carcinoma, es-
pecially if it is hard or adherent to adjacent structures or if
there is a history of radiation exposure, recent growth, or
dysphonia. Tenderness of the thyroid gland indicates either
acute or subacute thyroiditis or hemorrhage into a pre-
existing nodule.

Evaluation

The clinical characteristics of the goiter and the metabolic
state of the patient should delimit the type and extent of
evaluation. For example, a diffuse goiter in a patient with
thyrotoxicosis, confirmed with an undetectable value for
serum thyroid-stimulating hormone (TSH) and a high level
of serum free thyroxine (FT4) or free triiodothyronine
(FT3), requires no additional evaluation, as the patient al-
most certainly has Graves’ disease. Similarly, a firm, diffuse
goiter in a euthyroid or hypothyroid patient is in all likeli-

hood a manifestation of chronic autoimmune thyroiditis,
and this diagnosis can be confirmed by the demonstration
of thyroperoxidase (antimicrosomal) antibody in serum.
On the other hand, in a patient with a multinodular goiter,
scintigraphic scanning with radioactive iodine should be
undertaken, as it will define the functional nature of the
nodules and may reveal retrosternal extension. Further-
more, it will serve to identify a hypofunctional, dominant
nodule from which a specimen should be obtained by fine-
needle aspiration biopsy (FNAB). In the evaluation of a soli-
tary nodule in an otherwise palpably normal gland, FNAB
is the only procedure that should be performed, as it will
empty a cystic lesion and provide a cytologic diagnosis of a
solid lesion with an overall diagnostic accuracy of approxi-
mately 95%. Ultrasonographic examination of the thyroid
provides a very accurate assessment of goiter size and mor-
phology and is sometimes needed to direct FNAB. How-
ever, its principal utility is to complement physical exami-
nation in monitoring goiter size and morphology over
time.

Management

When goiter is accompanied by thyroid dysfunction, man-
agement is primarily directed at restoring the patient to a
eumetabolic state. In the case of a thyrotoxic patient, en-
docrinologic consultation should be sought, as manage-
ment entails various therapeutic considerations concerning
antithyroid drugs, radioiodine, and surgery. Similarly,
management of a goiter that is producing obstructive man-
ifestations or a nodule that yields a malignant cytologic di-
agnosis on FNAB is the province of the endocrine surgeon.
The management of a benign solitary nodule or multi-
nodular goiter has customarily involved long-term sup-
pression of TSH with levothyroxine, but prospective studies
have not consistently demonstrated shrinkage (1). More-
over, the doses of levothyroxine required over the long
term may be associated with reduced bone mineral density
and an increased risk for atrial fibrillation.
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TABLE 106.1
TYPES OF GOITER AND ASSOCIATED DISORDERS

Palpatory features Cause Clinical picture

Diffuse goiter Graves’ disease Hyperthyroidism; infiltrative
ophthalmopathy common

Chronic autoimmune thyroiditis Hypothyroidism commona

Multinodular goiter Idiopathic, iodine deficiency, Hyperthyroidism commonb; 
goitrogens, genetic defect thoracic outlet syndrome uncommon

Uninodular goiter Follicular adenoma Hyperthyroidism uncommon
Carcinomac Cervical lymphadenopathy common

a Spontaneous or induced by iodine excess or lithium.
b Spontaneous or induced by iodine excess.
c May also present as a dominant nodule in a multinodular goiter.
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When Presenting During Hospitalization

Description and Differential Diagnosis

A goiter that is predominantly retrosternal in location may
present during hospitalization with episodes of acute ven-
tilatory insufficiency. These episodes are characterized by
inspiratory stridor and are precipitated or aggravated by the
supine position and promptly alleviated by endotracheal
intubation.

Imaging of the neck for indications unrelated to the thy-
roid may reveal the presence of a nonpalpable thyroid nod-
ule (thyroid “incidentaloma”).

Evaluation

Magnetic resonance imaging (MRI) or computed axial to-
mography (CT) of the mediastinum will reveal the pres-
ence of a retrosternal goiter. A thyroid “incidentaloma”
should be subjected to FNAB under ultrasonographic guid-
ance if the patient has a history of radiation exposure or a
family history of thyroid carcinoma (as these are risk fac-
tors for thyroid carcinoma), or if it displays suspicious ul-
trasonographic features (2).

Management

A retrosternal goiter that is obstructing the airway or a thy-
roid “incidentaloma” that yields a malignant cytologic di-
agnosis on FNAB requires surgical excision. In the case of a
thyroid “incidentaloma” that does not meet the criteria for
ultrasonographically-guided FNAB or is benign, ultrasono-
graphic surveillance is currently recommended.

CLINICAL SIGNS OF CUSHING
SYNDROME

When Presenting at the Time of Admission

Description and Differential Diagnosis

Cushing syndrome is characterized by a constellation of
clinical and biochemical manifestations that are caused by
cortisol excess. Clinical signs that might suggest the pres-
ence of Cushing syndrome at the time of admission include
facial rounding and plethora, truncal obesity with promi-
nent dorsal cervical and supraclavicular fat deposition, thin
skin with violaceous abdominal striae, and proximal mus-
cle wasting in a patient with moderate hypertension. None
of these physical signs is specific, but together they increase
the likelihood of Cushing syndrome.

The causes of Cushing syndrome are manifold, but in the
absence of exogenous glucocorticoid excess, pituitary
adrenocorticotropin (ACTH)-dependent Cushing syndrome
(Cushing disease) accounts for at least 70% of cases (3) (Table

106.2). The underlying cause of Cushing syndrome may
modify the clinical presentation greatly. For example, in con-
trast to Cushing disease, the ectopic ACTH syndrome, which is
caused by a small-cell carcinoma of the lung or other neu-
roendocrine neoplasms and accounts for about 15% of
cases, is usually found in older men rather than in women.
Moreover, it is usually characterized by extreme elevations of
ACTH and cortisol secretion. These lead to a much more
rapid evolution of clinical manifestations, accompanied by
hyperpigmentation (secondary to the extremely high ACTH
concentration) and by features of mineralocorticoid excess,
such as hypokalemia and metabolic alkalosis (secondary to
the extreme cortisol excess). Similarly, in contrast to patients
with Cushing disease, those with adrenal carcinoma often
display the additional features of adrenal androgen excess,
such as hirsutism, acne, and other signs of masculinization,
in addition to mild polycythemia.

Several other conditions, apart from exogenous gluco-
corticoid excess, may mimic spontaneous Cushing syn-
drome. They include the rare alcohol-induced pseudo-
Cushing syndrome and the pseudo-Cushing syndrome that
can be associated with the use of megestrol acetate
(Megace) (4), which has glucocorticoid-like activity, for the
management of cancer or wasting states. In the alcohol-
induced syndrome, liver function is deranged, and the syn-
drome resolves with abstinence.

Evaluation

The most reliable test for detecting Cushing syndrome is
measurement of cortisol in a 24-hour urine collection
(along with creatinine to assess completeness of collection)
as it most closely reflects the cortisol secretion rate (5). A
normal value essentially rules out Cushing syndrome, but
mildly increased values for urinary cortisol may occur dur-
ing major stress and in alcohol-induced pseudo-Cushing
syndrome. A clearly increased value confirms the presence
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TABLE 106.2
SPECTRUM OF CUSHING SYNDROME

Cause Prevalence (%)a

ACTH-dependent
Pituitary ACTH (Cushing disease) 70
Ectopic ACTH or, rarely, CRH 15

ACTH-independent
Adrenal adenoma or carcinoma 15
Bilateral micronodular or macronodular Rare 

hyperplasia
Pseudo-Cushing

Alcohol-induced Rare
Megestrol-induced Rare

a In absence of exogenous glucocorticoid.
ACTH, adrenocorticotropic hormone; CRH, corticotropin-releasing
hormone.
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of Cushing syndrome but does not indicate its cause. Thus,
the most efficient and cost-effective manner for evaluating
the patient is to measure serum cortisol and ACTH dur-
ing the evening of the 24-hour urine collection so as to ex-
ploit the normal circadian depression of both, which is lost
in Cushing syndrome (Figure 106.1). Under these condi-
tions, an increased serum ACTH level accompanying in-
creased values for serum and 24-hour urinary cortisol
would indicate ACTH-dependent Cushing syndrome,
whereas a subnormal serum ACTH would indicate adrenal
adenoma, carcinoma, or bilateral nodular hyperplasia.
Moreover, patients with the ectopic ACTH syndrome usu-
ally display extremely high values for cortisol and ACTH.
Tests based on the suppressibility of serum or urinary cor-
tisol with large doses of dexamethasone have been used in
an attempt to differentiate between Cushing disease, in
which cortisol is usually suppressible, and the ectopic
ACTH syndrome, in which it is usually not suppressible.
However, these tests may give misleading results, as their
overall diagnostic accuracy (�80%) is less than the pretest
probability of Cushing disease (�90%) in patients with
ACTH-dependent Cushing syndrome (5). Rather, the con-

sideration of variables such as age, sex, rate of progression,
presence of hypokalemia, and magnitude of elevation of
urinary cortisol and serum ACTH together yield an overall
diagnostic accuracy of 90% or greater in the differential di-
agnosis of ACTH-dependent Cushing syndrome. (In con-
trast to Cushing disease, the ectopic ACTH syndrome usu-
ally occurs in older men rather than in women and is
characterized by a much higher cortisol secretion rate that
leads to hypokalemia and metabolic alkalosis and to more
rapid clinical progression.) This issue of differentiation is
highly important, as both the pituitary adenoma causing
Cushing disease and the ectopic ACTH-secreting neoplasm
may be small and difficult to localize using imaging tech-
niques. It is at this juncture in the patient’s evaluation that
endocrinologic consultation should be sought.

Once a functional diagnosis of Cushing syndrome has
been established, localization of the cause needs to be un-
dertaken. In ACTH-independent Cushing syndrome, thin-
section CT of the abdomen will reveal an adrenal mass or
bilateral hyperplasia. A pituitary-dedicated MRI study will
detect a pituitary adenoma in most, but not all, patients
with Cushing disease. The majority of patients with the
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24-Hour Urinary Cortisol 

Normal

Both normal 

Increased

Possible Cushing syndrome 

Evening serum cortisol and ACTHa 

• Serum cortisol increased
• Serum ACTH low

CT or MRI of abdomen 

Serum cortisol and ACTH
increased

MRI of pituitary or CT of chest
depending on clinical picture 

Pseudo-Cushing syndrome 

Cushing syndrome absent

ACTH-independent
Cushing syndrome

ACTH-dependent
Cushing syndrome

Figure 106.1 Laboratory investigation of Cushing syndrome. aSerum cortisol and adrenocorti-
cotropic hormone (ACTH) should be measured during the evening of the 24-hour urine collection.
CT, computed axial tomography; MRI, magnetic resonance imaging.
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ectopic ACTH syndrome will harbor a small-cell carcinoma
of the lung, and CT of the chest, therefore, will usually pro-
vide the necessary confirmation. If the aforementioned
imaging studies are unrevealing and the functional diagno-
sis is not entirely consistent with Cushing disease, inferior
petrosal venous sinus sampling with determination of
central-to-peripheral serum ACTH ratios before and after
intravenous administration of corticotropin-releasing hor-
mone (CRH) is indicated, as Cushing disease is still the
most likely cause.

Management

The treatment of choice for patients with Cushing disease is
transsphenoidal pituitary microsurgery, which results in a
10-year remission rate of approximately 75%. For those pa-
tients in whom surgery is unsuccessful or who relapse, pi-
tuitary irradiation is indicated. In Cushing syndrome with
an adrenal cause, unilateral or, in the rare case of bilateral
nodular hyperplasia, bilateral adrenalectomy (which can
now be performed through a laparoscope) is the appropri-
ate treatment. The management of patients with the ectopic
ACTH syndrome, which is usually caused by a small-cell or
other neuroendocrine carcinoma or by an adrenal carci-
noma, involves the use of adrenal enzyme inhibitors, such
as ketoconazole or mitotane. Glucocorticoid replacement
therapy will be required for a short time in some patients
after pituitary surgery or unilateral adrenalectomy and per-
manently in all patients who have undergone bilateral
adrenalectomy.

When Presenting During Hospitalization

Description and Differential Diagnosis

During hospitalization, the appearance of certain clinical
signs should lead one to entertain a diagnosis of Cushing
syndrome. Thin skin and an increased fragility of the tissues
predispose to the formation of ecchymoses after phle-
botomy and to decubitus ulceration, and these are espe-
cially noteworthy findings when they occur in a younger
patient. A fracture with little or no antecedent trauma, re-
flecting the loss of bone mass in Cushing syndrome, may be
the presenting manifestation and reason for admission. Dif-
ficulty in rising from the lying or sitting position may point
to wasting and weakness of the limb-girdle musculature in
Cushing syndrome. In a hypertensive patient, the presence
of hypokalemia and metabolic alkalosis, suggesting a disor-
der of mineralocorticoid excess, may be the presenting man-
ifestation of the ectopic ACTH syndrome, especially if there
is a history of recent darkening of the skin.

Evaluation

This is undertaken in the same manner as described in the
corresponding previous section.

Management

This is the same as described in the corresponding previous
section.

ABNORMAL RESULTS OF THYROID
LABORATORY TESTS

When Presenting at the Time of Admission

Description and Differential Diagnosis

Because of its sensitivity, measurement of serum TSH is the
test used first to screen patients for thyroid dysfunction.
This sensitivity resides in the approximate negative loga-
rithmic–linear relationship between serum TSH and FT4

concentrations, with the result that small changes in FT4 re-
sult in large changes in serum TSH. Current second-genera-
tion (sensitive) and third-generation (ultrasensitive) TSH
assays have approximate functional sensitivities of 0.1 and
0.01 mU/L, respectively, with an approximate normal
range of 0.5–5.0 mU/L (6).

The finding of low or undetectable serum TSH in a pa-
tient at the time of admission suggests the presence of thy-
rotoxicosis. However, a low serum TSH may also be found
in about 15% of patients with various systemic nonthyroid
illnesses (euthyroid sick syndrome), in calorically-deprived
patients, or in the occasional patient with hypopituitarism.
In these circumstances, serum TSH, although low and
sometimes undetectable with a sensitive assay, is rarely un-
detectable with an ultrasensitive assay. By contrast, in pa-
tients with thyrotoxicosis, serum TSH is virtually always
undetectable (6).

The finding of an increased serum TSH in a patient at the
time of admission is highly suggestive of primary hypothy-
roidism, especially if the value exceeds 10 mU/L. On the
other hand, values between 5–10 mU/L may revert to nor-
mal on follow-up testing in some patients.

Evaluation

Measurement of serum FT4 and sometimes FT3 will pro-
vide the necessary discrimination among the various
causes of an abnormal serum TSH (Figure 106.2). These
measurements have replaced the older measurements of
total T4 and total T3, which reflect alterations in hormone
binding in serum in addition to alterations in hormone
production.

In patients with nonthyroid illness, serum FT4 is usu-
ally normal, even when serum total T4 is reduced (7). A
high serum FT4 will confirm the diagnosis of thyrotoxico-
sis in a patient with an undetectable serum TSH. Uncom-
monly, an undetectable serum TSH with an ultrasensitive
assay will be accompanied by a normal serum FT4. In this
circumstance, measurement of serum FT3 should be
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undertaken, as an increased value would establish a diag-
nosis of T3 toxicosis, whereas a normal value would indi-
cate the presence of subclinical thyrotoxicosis. A low serum
FT4 in conjunction with a subnormal serum TSH is virtu-
ally diagnostic of hypopituitarism. On the other hand, a
low serum FT3 is much less specific, as it is often found in
patients with nonthyroid illness (7).

In a patient with a high serum TSH, a low serum FT4 will
establish the diagnosis of primary hypothyroidism. If the
serum free T4 is normal and the serum TSH is above 10
mU/L, the patient has subclinical hypothyroidism, and pro-
gression to overt hypothyroidism is very likely. In a patient
with a serum TSH between 5–10 mU/L, measurement of
serum thyroperoxidase (antimicrosomal) antibody should
be undertaken because its presence, indicating chronic au-
toimmune thyroiditis, would be an independent risk factor
for the eventual development of overt hypothyroidism (8).

Management

In patients with non-thyroid illness, a low value for serum
TSH will eventually revert to normal during convalescence,
and no specific treatment is indicated. In a patient with

clinical or subclinical thyrotoxicosis, endocrinologic con-
sultation should be sought, as management will entail var-
ious considerations concerning choice of therapy. Similarly,
endocrinologic consultation is required in a patient with
suspected hypopituitarism, as assessment of the functional
integrity of the pituitary–adrenal axis becomes critical.

In a patient with established primary hypothyroidism, re-
placement therapy with levothyroxine should be initiated, as
hypothyroid patients tolerate anesthesia and surgery less
well than euthyroid patients. In an elderly patient or a pa-
tient with pre-existing heart disease, treatment should be ini-
tiated with smaller than usual doses of levothyroxine (e.g.,
25 mcg daily) and careful monitoring. As there are no out-
come data to support therapeutic intervention in patients
with subclinical hypothyroidism, management should con-
sist of surveillance with monitoring of serum TSH.

When Presenting During Hospitalization

Description and Differential Diagnosis

The interpretation of abnormal values for thyroid labora-
tory tests in patients during hospitalization is the same as
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Figure 106.2 Evaluation of abnormal serum values of thyroid-stimulating hormone (TSH).
FT4, free thyroxine; FT3, free triiodothyronine.
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that described in the corresponding previous section, ex-
cept that the potential confounding effects of certain drugs
also need to be considered (Table 106.3).

Dopamine or pharmacologic doses of glucocorticoids
acutely suppress pituitary TSH secretion and lead to de-
creases in serum TSH and FT4 in patients with nonthyroid
illness, resulting in a laboratory profile that might suggest
hypopituitarism. Moreover, in a patient with primary hy-
pothyroidism, these drugs, when administered concur-
rently, may suppress the serum TSH into the normal range,
with the result that the diagnosis of hypothyroidism can be
overlooked. By contrast, amiodarone acutely increases pi-
tuitary TSH secretion through inhibition of the conversion
of T4 to T3 within the pituitary and reduces the peripheral
uptake of T4 and its conversion to T3, thereby leading to in-
creases in serum TSH and FT4 and a decrease in serum FT3.
Sodium iopanoate and ipodate, which are non–water-sol-
uble radiographic contrast agents, produce effects similar
to those of amiodarone.

Drugs that increase the hepatic uptake and metabolism
of T4, such as phenytoin, rifampin, and carbamazepine,
may lead to a decrease in serum FT4 with little or no change
in serum FT3 or TSH. Lithium interferes with the secretion
of hormone by the thyroid and may lead to an increase in
serum TSH, sometimes accompanied by a decrease in serum
FT4, if the patient has an underlying chronic autoimmune
thyroiditis that limits thyroid functional reserve.

During recovery from nonthyroid illness, serum TSH
may rebound from a normal or suppressed value to a value
as high as 20 mU/L in euthyroid patients, mimicking pri-
mary hypothyroidism, before reverting to normal levels
over several days.

Evaluation

The evaluation of abnormal results of thyroid laboratory
tests in hospitalized patients is the same as that described
in the corresponding previous section, except that the in-
terpretation of the values must take into account the po-
tential confounding effects of certain drugs.

Management

In patients with nonthyroid illness who are being treated
with any of the aforementioned drugs, abnormal values
for thyroid laboratory tests will revert to normal after the
drug has been discontinued during convalescence, and no
specific treatment is indicated. With the long-term
administration of amiodarone, even though the values re-
turn to normal, patients with chronic autoimmune thy-
roiditis or multinodular goiter are at risk for later
development of iodine-induced hypothyroidism or io-
dine-induced thyrotoxicosis, respectively, as a result of the
iodine released during the degradation of amiodarone.
Similarly, the long-term administration of lithium may
unmask hypothyroidism in some patients with chronic
autoimmune thyroiditis. On the other hand, the long-
term administration of phenytoin, carbamazepine, or
rifampin, although accompanied by a decrease in serum
FT4, does not lead to hypothyroidism, because a normal
serum TSH concentration is maintained. For patients in
whom thyroid dysfunction has been established through
an appropriate profile of abnormal laboratory values,
management is the same as described in the correspond-
ing previous section.
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TABLE 106.3
NONTHYROID CAUSES OF ABNORMAL THYROID LABORATORY 
TEST RESULTS

Serum TSH Serum FT4 Serum FT3

Systemic illness N/↓ N N/↓
Recovery from illness ↑ N N
Glucocorticoids ↓ N/↓ ↓
Dopamine ↓ N/↓ N/↓
Amiodaronea N/↑ N/↑ ↓
Iopanoate, ipodate N/↑ N/↑ N/↓
Phenytoin N ↓ N
Rifampin N ↓ N
Carbamazepine N ↓ N
Lithiuma ↑ N/↓ N/↓

a May cause clinical thyroid dysfunction when taken on a long-term basis by patients with intrinsic thyroid
disease.
↓, decreased; ↑, increased; FT4, free thyroxine; FT3, free triiodothyronine; N, normal; TSH, thyroid-
stimulating hormone.
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LABORATORY ASSESSMENT OF
HYPOPITUITARISM

When Presenting at the Time of Admission

Description and Differential Diagnosis

Prompt assessment of the functional integrity of the pituitary
is critical in a patient with suspected hypopituitarism so as to
avoid overlooking the secondary cortisol deficiency, which
can lead to shock and death (9). The clinical presentation of
hypopituitarism depends on the nature of the pituitary in-
sult. Thus, hemorrhagic necrosis of a pituitary adenoma (pi-
tuitary apoplexy) presents dramatically with severe headache,
visual field defects, oculomotor palsies, and hypotension. In
contrast, more gradual destruction by a slowly growing ade-
noma or other infiltrative lesion or following radiation ther-
apy for head and neck carcinoma presents with nonspecific
manifestations, such as lethargy, pallor, loss of sexual hair,
and orthostatic hypotension. In the presence of severe stress,
however, ACTH deficiency may emerge as symptomatic hy-
ponatremia, mimicking the syndrome of inappropriate an-
tidiuretic hormone secretion (SIADH) (Chapter 104). Fi-
nally, hypoglycemia for which there is no ready explanation
may be the presenting manifestation of hypopituitarism.

Measurement of serum cortisol under stressful conditions
imposed by acute illness or during hypoglycemia is the sin-
gle most helpful test because a serum cortisol level below 20
mcg/dL—that is, an inappropriately normal or low value—
points to a defective pituitary–adrenal axis (9) (Chapter
109). Similarly, the absence of an increased serum growth
hormone level in these circumstances also points to pituitary
hypofunction. Measurement of serum follicle-stimulating
hormone in a postmenopausal woman is helpful, as in this
circumstance an increased value is expected, and conse-
quently an inappropriately normal or low value suggests the
presence of hypopituitarism. Finally, the finding of a low
serum FT4 that is accompanied by a subnormal serum TSH is
characteristic of hypopituitarism (Table 106.4).

Evaluation

Functional evaluation of the pituitary–adrenal axis is of
paramount importance in a patient with suspected hypo-

pituitarism, and endocrinologic consultation should be
sought. Although the absence of an increased serum ACTH
level in a patient with a low serum cortisol level indicates
pituitary ACTH deficiency, some patients with hypopit-
uitarism display values for serum cortisol under basal con-
ditions that are within the normal range. Accordingly, vari-
ous tests have been devised to provoke the hypothalamic–
pituitary–adrenal axis. Of these, the stimulation test with
synthetic ACTH (Cortrosyn) is undertaken first; a normal
serum cortisol response (i.e., a value exceeding 20 mcg/dL
at 60 minutes following an intravenous bolus of 250 mcg of
synthetic ACTH) excludes the presence of hypopituitarism
unless it is of such recent onset that adrenocortical atrophy
has not yet occurred (9). On the other hand, a subnormal
serum cortisol response is also found in patients with pri-
mary adrenocortical insufficiency. Tests that evaluate pitu-
itary ACTH secretion directly include the insulin-induced
hypoglycemia test, the metyrapone tartrate stimulation test,
and the CRH stimulation test. These tests are associated with
some risks, and their selection, performance, and interpre-
tation are the province of the consulting endocrinologist.

The most common cause of hypopituitarism is a pit-
uitary adenoma, often a prolactin-secreting macroadenoma.
Accordingly, measurement of serum prolactin and a pit-
uitary-dedicated MRI study should be performed.

Management

Cortisol is essential for survival under stressful conditions.
Accordingly, once hypopituitarism has been recognized, re-
placement therapy with hydrocortisone must be instituted
promptly, in stress doses if indicated by the clinical cir-
cumstance (Chapter 109). Replacement therapy with
levothyroxine should also be instituted, but not before hy-
drocortisone, as the increase in metabolic rate may aggravate
the cortisol deficiency. At this juncture, treatment of a pitu-
itary adenoma or other potentially remediable cause of hy-
popituitarism can be undertaken. Finally, replacement
therapy with gonadal steroids, although not essential for
survival, will preserve bone mass and restore vitality. With
full hormone replacement therapy and appropriate surveil-
lance, patients with hypopituitarism should be able to lead
normal lives.

When Presenting During Hospitalization

Description and Differential Diagnosis

This is the same as described in the corresponding previous
section.

Evaluation

This is undertaken in the same manner as described in the
corresponding previous section.
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TABLE 106.4
LABORATORY TEST RESULTS THAT
SUGGEST HYPOPITUITARISM

• Normal or low serum cortisol during severe stress
• Normal serum FSH (�20 U/L) in a postmenopausal woman
• Low serum FT4 in association with subnormal TSH

FSH, follicle-stimulating hormone; FT4, free thyroxine; TSH,
thyroid-stimulating hormone.
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Management

This is the same as described in the corresponding previous
section.

KEY POINTS

■ In the evaluation of a solitary nodule in an otherwise
palpably normal thyroid gland, or a dominant nodule in
a multinodular thyroid gland, fine-needle aspiration
biopsy is the initial procedure of choice, as it empties a
cystic lesion and provides a cytologic diagnosis of a solid
lesion with an overall diagnostic accuracy of 95%.

■ A nonpalpable thyroid nodule discovered incidentally
by nonthyroid imaging of the neck should be subjected
to fine-needle aspiration biopsy under ultrasono-
graphic guidance if the patient has a history of radia-
tion exposure or a family history of thyroid carcinoma,
or if the nodule displays suspicious ultrasonographic
features.

■ The overall diagnostic accuracy of the collective use of
variables such as age, sex, rate of progression, presence of
hypokalemia, and magnitude of elevation of urinary cor-
tisol and serum ACTH exceeds that of high-dose dexa-
methasone suppression testing in differentiating between
pituitary ACTH-dependent Cushing syndrome and the
ectopic ACTH syndrome.

■ In a hypertensive patient, the presence of hypokalemia
and metabolic alkalosis, suggesting a disorder of miner-
alocorticoid excess, may be the presenting manifestation
of the ectopic ACTH syndrome.

■ In hospitalized patients, abnormal results of thyroid lab-
oratory tests are more often the consequence of nonthy-
roid illness or the effects of drugs than of intrinsic thy-
roid disease.

■ In nonthyroid illness, serum TSH may be low but is
rarely undetectable with an ultrasensitive assay, whereas
in thyrotoxicosis, serum TSH is virtually always unde-
tectable.

■ During recovery from nonthyroid illness, serum TSH
may transiently increase to values as high as 20 mU/L in
euthyroid patients, mimicking primary hypothyroidism.

■ In severe illness or during hypoglycemia, a normal
serum cortisol value is inappropriate and indicates a de-
fective pituitary–adrenal axis.
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The Management of 

Hyperglycemia and

Diabetes Mellitus in

Hospitalized Patients
Harold E. Lebovitz

INTRODUCTION

It has long been recognized that patients with diabetes mel-
litus are at increased risk for morbidity and mortality when
they are stricken with an illness that requires hospitaliza-
tion. Special attention must be paid to many aspects of
their illnesses in order to maximize health care benefits and
minimize health care costs. A relatively new area of concern
is the hospitalized patient who does not have diabetes mel-
litus but presents with significant hyperglycemia during the
acute phase of a general medical or surgical illness. Several
major studies show that careful management of the hyper-
glycemia has profound effects in decreasing both morbid-
ity and mortality. These findings mandate that physicians
extend their intensive efforts to control metabolism from
the diabetic hospitalized patient to the hyperglycemic,
nondiabetic patient as well.

Diabetes mellitus encompasses many disorders, the
phenotypic expression of which is hyperglycemia occur-
ring in the fasting and/or postprandial state. Approxi-
mately 12.1 million patients in the United States (4.1% of
the U.S. population) have clinically diagnosed diabetes
mellitus. It is estimated that an additional 30%–40% have
undiagnosed diabetes mellitus. Those clinically diag-
nosed diabetic patients consume 91.8 billion dollars per

year in direct health care costs and an additional 40 bil-
lion dollars per year in indirect costs such as lost wages.
The clinically diagnosed diabetic patient costs the health
care system 2.4 times more per year than comparable
nondiabetic patients, and their aggregate costs consume
10.1% of the entire U.S. health care budget. In 2002, pa-
tients with diabetes utilized 16.9 million inpatient hospi-
tal days (43.9% of direct costs) and 82.35 million nursing
home bed days (15.1% of direct costs). It is noteworthy
that 61% of diabetics’ inpatient costs were for the man-
agement of general medical conditions, 24% were for car-
diovascular disorders, and only 5% were for uncontrolled
diabetes.

Newly diagnosed hyperglycemia in a patient hospital-
ized for an acute illness may represent stress-induced
hyperglycemia or diabetes mellitus in a previously undiag-
nosed individual. Frequently it is not possible to make the
differentiation at presentation, and the outcome appears to
depend on the effectiveness of treating the hyperglycemia
rather than its cause. In patients with acute myocardial in-
farction, admission plasma glucose level is an independent
predictor of nonfatal reinfarction, hospitalization for heart
failure, and death. In one large intensive care unit (ICU)
study, 70% of patients presented with blood glucose �110
mg/dL, yet only 13% had a history of diabetes mellitus (1).
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In such patients, morbidity and mortality are directly
correlated to the extent of the increase in plasma glucose
values above 110 mg/dL. Several randomized prospective
studies indicate that treating hyperglycemia in hospitalized
patients with acute illnesses by insulin infusion can reduce
morbidity, mortality, and hospital costs by approximately
30%–50%. The treatable detrimental effects of excess hy-
perglycemia (�110 mg/dL) in acutely ill hospitalized pa-
tients has opened an important new therapeutic window
for the hospital-based physician.

Rational management of hospitalized patients with dia-
betes or excessive hyperglycemia requires an understanding
of the metabolic consequences of hyperglycemia. Hyper-
glycemia increases oxidative stress, alters the coagulation
pathway, and activates the inflammatory cascade. Clini-
cally, these derangements result in greater susceptibility to
bacterial infections, poorer responses to treatment of bac-
terial infections, increases in thromboembolic events,
weight loss and negative nitrogen balance, depressed tissue
anabolism, and poor wound healing.

The impaired host resistance to infection in diabetes has
been known for decades (2). One significant component
of this impaired response is deficient polymorphonuclear
leukocyte function. Polymorphonuclear leukocytes from
patients with diabetes mellitus demonstrate impaired ad-
herence, chemotaxis, phagocytosis, oxidative activity, and
bactericidal activity (3). These disturbances become evi-
dent when plasma glucose levels exceed 130–175 mg/dL
and become increasingly more severe as the plasma glu-
cose rises to 300–400 mg/dL. Impaired function of poly-
morphonuclear leukocytes renders patients particularly
susceptible to Staphylococcus aureus and Escherichia coli
infections.

In a prospective, randomized, controlled clinical trial
in a surgical ICU, patients admitted with a plasma glucose
�140 mg/dL were randomized to standard insulin treat-
ment (target glucose levels 180–220 mg/dL) or strict in-
sulin therapy (target glucose levels 80–120 mg/dL)
throughout their ICU stay (1). The “strict control” group
(mean plasma glucose 125 � 36 mg/dL) had significantly
fewer bloodstream and surgical site infections than the
standard treatment group (mean plasma glucose (179 �

61 mg/dL). Another prospective study, the Portland Dia-
betic Project, assessed the effects of glycemic control of
4,864 patients with diabetes who underwent cardiovascu-
lar surgery (4). Tight perioperative diabetes control
(150–200 mg/dL in the early years of the trial, later fur-
ther tightened to 100–150 mg/dL) was achieved by con-
tinuous intravenous administration of insulin. In diabetic
patients whose mean perioperative blood glucose aver-
aged 175 mg/dL or less, deep sternal wound infections
occurred in about 0.5%, comparable to the risk in the
nondiabetic population. Diabetic patients whose mean
blood glucoses exceeded 175 mg/dL had rates of 1.1%,
while those with glucoses above 250 mg/dL had rates of
3.7%, a sevenfold increase over the base rate. Length of

hospital stay increased from 8.2 days in diabetic patients
with tight control to 11.0 days in those with poorly con-
trolled perioperative blood glucoses.

Short-term hyperglycemia increases the glycosylation
of many proteins and may interfere with their func-
tion. Such effects have been demonstrated with circulat-
ing immunoglobins. Additionally, acute hyperglycemia
has been shown to increase mediators of both coagula-
tion and adhesion. Uncontrolled hyperglycemia is also
associated with proteolysis and impaired protein synthesis
(5). This leads to delay and deficiencies in tissue repair
and regeneration. In an active wound, hyperglycemia
increases collagenase activity and decreases collagen
content. In diabetic patients with medical or surgical dis-
ease, these processes may prolong hospitalizations and
impair recovery.

The above data suggest that these untoward acute and
subacute consequences of hyperglycemia can be mini-
mized by maintaining plasma glucose levels below 175
mg/dL. As will be discussed in subsequent sections, new
data indicate that the glycemic target should probably be
even tighter: blood glucoses between 80 and 110 mg/dL in hos-
pitalized acutely ill patients.

The treatment goals for diabetic ketoacidosis and non-
ketotic hyperosmolar state are somewhat different because
they change with the stage of treatment. Moreover, in such
patients, clinicians must attend to the management of de-
hydration, acidosis, and electrolyte balance in addition to
the glucose level.

HOSPITAL-BASED TREATMENT
REGIMENS FOR GLYCEMIC CONTROL

Most hospitalized diabetic patients require some type of in-
sulin regimen to maintain their glucose in the target range
of 80–175 mg/dL. Acute illnesses are associated with a sig-
nificant stress response, inadequate nutritional intake, and
increased tissue requirements for energy. As a consequence,
secretion of catecholamines, cortisol, growth hormone,
and glucagon is increased. These hormonal changes both
inhibit insulin secretion and increase insulin resistance,
rendering oral antihyperglycemic agents ineffective in most
hospitalized patients. Maintaining tight glycemic control
(blood glucose 80–110 mg/dL) in hyperglycemic, acutely
ill hospitalized patients who may or may not have diabetes
mellitus generally requires continuous intravenous insulin
with frequent blood glucose monitoring.

Table 107.1 outlines insulin treatment regimens that
are effective for hospitalized diabetic patients. Diabetic
or nondiabetic hyperglycemic patients who are severely
ill and not taking oral nutrients are best managed with
intravenous (IV) regular insulin. This includes virtually
all patients admitted to an ICU and undergoing surgery
and most patients in the first 48–72 hours following
surgery or an acute myocardial infarction (5). The
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advantages of IV regular insulin are its immediate delivery
to the tissues and its rapid disappearance from the
plasma (half-life of five minutes). IV insulin delivery is in-
dependent of adipose tissue perfusion, which may greatly
alter the uptake of subcutaneously administered insulin.
Because the cellular effects of insulin are short-lived
(20–60 minutes), changes in the delivery rate of IV in-
sulin are reflected in the glucose concentration within
30–60 minutes. IV insulin must be administered together
with a glucose solution, which can be independently regu-
lated but is delivered through the same portal as the in-
sulin. The glucose is not only necessary to prevent hypo-
glycemia but also essential to maintain caloric intake and
reduce catabolism. The regular insulin and glucose infu-
sions should not be administered through separate por-
tals, as unrecognized infiltration of the glucose infusion
can lead to severe hypoglycemia. Concurrent administra-
tion can be accomplished by “piggybacking” the glucose
infusion into the insulin line or by administering the glu-
cose and insulin from the same container but changing
the glucose-to-insulin ratio as necessary. Monitoring of
blood glucose and subsequent adjustment of the insulin
and glucose infusion rates must always be performed fre-
quently (every one, two, or four hours as dictated by the
specific circumstances). Supplemental potassium is gener-
ally necessary because insulin and glucose administration
facilitate the intracellular movement of potassium.

Hospitalized diabetic patients who are taking oral nutri-
tion and are not in a rapidly fluctuating state can be man-
aged with one of several subcutaneous insulin treatment
programs (6), shown in Table 107.2.

The initial doses of insulin are determined by the body
weight, severity of hyperglycemia, and knowledge of a
previous history of diabetic treatment and its effectiveness.
The calorie distribution among the meals will influence the
amount of insulin given at each specific time. A general
guideline is to start with a total daily insulin dose of approx-
imately 0.50 units/kg, with about 75% of the dose used to
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TABLE 107.1
INSULIN TREATMENT REGIMENS FOR HOSPITALIZED DIABETIC PATIENTS

Monitoring and dose
Patients Insulin administration Glucose administration adjustments

Acute glucose regulation by intravenously administered regular insulin

Acutely ill patients Regular insulin is administered Glucose is administered Blood glucose is
not on oral nutrition intravenously at 0.5 simultaneously through the monitored every 1–2 

to 5.0 units/h by infusion pump. same port, either by a hours, with adjustments
separate glucose infusion of insulin and glucose
(“piggyback”) or by infusions based on results.
mixing glucose with
insulin in the same
solution but varying the
ratio of glucose to insulin.

Subacute glucose regulation by subcutaneously administered regular and intermediate-acting insulin

Hospitalized patients Regular and intermediate-acting None Blood glucose is
on oral nutrition insulins are administered monitored by finger-stick

subcutaneously 2–4 before meals and at 10 PM.
times a day (three times Insulin doses are adjusted
is preferable). every 1–2 days based on

results.

TABLE 107.2
SUBCUTANEOUS INSULIN MANAGEMENT
PROGRAMS

Regimen 1

Regular insulin and intermediate-acting insulin before breakfast
Regular insulin before the evening meal
Intermediate-acting insulin at 10 PM

Regimen 2

Basal insulin (glargine insulin) once a day
Regular or rapid-acting insulin before each meal

Regimen 3

Regular insulin before each meal (breakfast, lunch, and evening
meal)

Intermediate-acting insulin at 10 PM

Regimen 4

Regular and intermediate-acting insulin before breakfast
Regular and intermediate-acting insulin before the evening meal
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control meal-mediated glycemia and 25% to control the
overnight plasma glucose. The initial insulin dose will need
to be modified based on the patient’s degree of insulin resis-
tance. The insulin dose then is adjusted every day or two
based on the results of blood glucose monitoring (which
should be performed before breakfast, before lunch, before
the evening meal, and at 10 PM). Table 107.3 presents the
time courses of action of human insulin, and Table 107.4
details the use of finger-stick blood glucose monitoring to
adjust the insulin. Many insulins are available for subcuta-
neous use. These include basal insulin (such as glargine
insulin), intermediate-acting insulins (such as NPH and
Lente insulin), and regular soluble insulin and rapid-acting
synthetic insulin analogs (such as lispro insulin, aspart in-
sulin, and glulisine insulin). The rapid-acting synthetic
analogs have the advantage that their onset of action when
administered subcutaneously is 10 or 15 minutes and their
duration of action is approximately 3–4 hours. One of them
might be used in those infrequent cases in which these at-
tributes are important. Glargine insulin is attractive in that it
is a basal insulin with a 24-hour duration of action, it main-
tains a peakless plasma level, and it gives a reproducible pro-
file from day to day. Premixed combinations of NPH and
regular insulin, and NPH and a rapid-acting insulin, are
available as 70/30 and 50/50 preparations. These can be
used in twice-a-day treatment regimens but are of limited
utility in the hospital because of the fixed proportion of in-
termediate-acting and regular or rapid-acting insulins.

Hospitalized patients on a subcutaneously administered
insulin treatment program must receive their meals on
time, and the quantity consumed must be noted. When a
meal is to be held or missed for a study, the appropriate in-
sulin dose should be held or reduced accordingly.

The time course of action of the human insulins
(Table 107.3) makes it difficult to achieve glycemic levels

between 110 and 175 mg/dL with only two daily injec-
tions of mixed insulins (regimen 4, Table 107.2) because
the action of the intermediate-acting insulin peaks during
the early morning hours (approximately 2–3 AM) and is
effectively over by 5–7 AM. Thus, it is common for a pa-
tient to be hypoglycemic at 2–3 AM and hyperglycemic at
7 AM. The administration of regular insulin before the
evening meal and intermediate-acting insulin at 10 PM

solves this problem and generally leads to good glycemic
control when coupled with administration of regular plus
intermediate-acting insulin before breakfast (regimen 1).
Regular insulin and mixtures of regular and intermediate-
acting insulin should be administered 30–45 minutes be-
fore the meal. A treatment program in which regular in-
sulin is given before each meal and intermediate-acting
insulin is given at 10 PM (regimen 3) is necessary only
for patients whose meal pattern is totally erratic or in
whom fever or stress is fluctuating rapidly. Insulin doses
should be adjusted every 1–2 days based on the results of
blood glucose monitoring, not according to a “sliding
scale” protocol.

The treatment of hospitalized patients with oral antidiabetic
agents is generally ineffective. Patients taking oral agents
before hospitalization should discontinue them and then
restart them after their acute problem has resolved. This is
particularly true for metformin (which can cause lactic
acidosis in the presence of impaired renal or hepatic
function or congestive heart failure) and sulfonylureas
(which have prolonged durations of action and rarely
allow for consistent glycemic control in acutely ill diabetic
patients).

The only instance in which oral antidiabetic therapy
may be indicated in the hospitalized patient is during
an admission for an uncomplicated diagnostic procedure
or minimally invasive surgery under local anesthesia.
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TABLE 107.3
TIME COURSE OF ACTION OF HUMAN INSULIN PREPARATIONS ADMINISTERED SUBCUTANEOUSLY

Effective duration of
Insulin preparation Onset of action (h) Peak action (h) action (h)

Lispro insulin 0.15–0.33 1–3 3–5
Aspart insulin 0.15–0.33 1–3 3–5
Glulisine insulin 0.15–0.33 1–3 3–5
Regular (soluble) 0.5–1 2–4 5–8
NPH (isophane) 1–2 5–7 13–18
Lente (insulin zinc suspension) 1–3 4–8 13–20
Glargine insulin 1.5 no peak up to 24
Combination 70/30 (70% NPH, 0.5–1 10–16

30% regular)
Combination 50/50 (50% NPH, 0.5–1 10–16

50% regular)
Combination (70% NPH � 30% 0.15–0.33 10–16

aspart or lispro)
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In these instances, the oral medications are held the
morning of the procedure and restarted after the procedure
is finished.

MANAGEMENT OF THE DIABETIC
PATIENT HOSPITALIZED FOR ORDINARY
MEDICAL ILLNESSES OR POOR
GLYCEMIC REGULATION

The majority of diabetic patients are hospitalized for ordi-
nary medical illnesses or poor glycemic control. In either
event, the major symptoms related to their diabetes are
weakness, fatigue, polydipsia, polyuria, weight loss, and
blurry vision. The hyperglycemic patient invariably shows
signs of dehydration.

The goal of therapy is to bring the glucose into the tar-
get range of 110–175 mg/dL. A tradition among attending
physicians and house staff is to place the diabetic patient
on “sliding scale” coverage. Placing the patient on a treat-
ment algorithm that stops insulin treatment when

glycemic control is good and treats with insulin after se-
vere hyperglycemia and its consequences have developed
is both irrational and counterproductive (7). Figure 107.1
illustrates the results of sliding scale coverage versus a
planned insulin treatment regimen taken from a typical
consultation at our medical center. Panel A (left) shows
the clinical course of a 69-year-old man admitted to the
surgical service for treatment of a hand abscess. On the
surgical and rehabilitation services, he was treated with
sliding scale coverage, which led to numerous blood glu-
cose levels between 200 and 350 mg/dL, with wide excur-
sions and no improvement in his glycemic control. After
consultation, he was placed on the three-injection insulin
treatment program (regimen 1 in Table 107.2), with the
results shown in Panel B (right).

Effective hospital management of the diabetic patient cannot
be achieved with “sliding scale” coverage. A carefully planned
and adjusted insulin treatment regimen that is based on an
understanding of the pathophysiology of hyperglycemia
and the pharmacology of insulin treatment is essential for
achieving adequate glycemic control.
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TABLE 107.4
ADJUSTMENT OF SUBCUTANEOUSLY ADMINISTERED INSULIN
DOSE BY MEASUREMENT OF BLOOD GLUCOSE BY FINGER-STICK

Regimen 1

Regular and intermediate-acting insulin before breakfast
Adjust regular insulin dose from results of pre-lunch blood glucose
Adjust intermediate-acting insulin dose from results of pre-evening meal blood glucose

Regular insulin before the evening meal
Adjust dose from results of 10 PM blood glucose

Intermediate-acting insulin at 10 PM

Adjust dose from results of next morning’s fasting (pre-breakfast) blood glucose

Regimen 2

Basal insulin (glargine insulin) once a day
Dose can be given anytime and is adjusted based on fasting blood glucose

Regular or rapid-acting insulin before each meal
Adjust dose by results of pre-meal blood glucose

Regimen 3

Regular insulin before each meal
Adjust dose from results of next pre-meal blood glucose

Intermediate-acting insulin at 10 PM

Adjust dose from results of next morning’s fasting blood glucose

Regimen 4

Regular and intermediate-acting insulin before breakfast
Adjust regular insulin dose from results of pre-lunch blood glucose
Adjust intermediate-acting insulin dose from results of pre-evening meal blood glucose

Regular and intermediate-acting insulin before the evening meal
Adjust regular insulin dose from results of 10 PM blood glucose
Adjust intermediate-acting insulin dose from results of next morning’s fasting blood glucose
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MANAGEMENT OF THE DIABETIC
PATIENT HOSPITALIZED FOR SURGERY

The management of diabetic patients who are hospitalized
for surgery should be thought of as encompassing three dis-
tinct phases of care: preoperative, intraoperative, and post-
operative management.

Preoperatively, glucose control should be optimized to
levels between 110 and 175 mg/dL. Long-acting antihyper-
glycemic agents and metformin should be stopped and
insulin treatment regimens initiated if necessary. Cardiac,
renal, and peripheral vascular function should be assessed
and optimized.

Intraoperative management should be coordinated
with the anesthesiologist. During surgery, regular insulin,
glucose, and potassium should be administered intra-
venously. The goal of treatment is to maintain plasma glu-
cose between 110 and 175 mg/dL. Several techniques of
administration have been recommended. Gill and Alberti
(5) infuse a glucose, potassium, and insulin (GKI) solution
(15 units of regular human insulin and 10 mEq of potas-
sium chloride in 500 mL of 10% glucose) at 100 mL/h. The
GKI solution is started on the morning of surgery (subcuta-
neous insulin and food are withheld) and is continued dur-
ing and after surgery until both the diet and subcutaneous
insulin can be safely restarted. Blood glucose is monitored
frequently by finger-stick. If the glucose is too high, a fresh
GKI solution, this one containing 20 units of insulin, is
started. A blood glucose level that is too low requires a
reduction to 10 units of insulin per bag of GKI solution. If
necessary, further adjustments in insulin can be made in in-
crements of 5 units. With this approach, at least 80% of di-
abetic patients can maintain plasma glucose levels between
100 and 200 mg/dL during and immediately after surgery.
This technique is particularly useful when insulin require-
ments during the operative and postoperative period are
reasonably constant.

For patients in whom fluid overload is a concern, the
glucose concentration can be doubled to 20% and the rate
of infusion decreased to 25 or 50 mL/h. Serum potassium
needs to be monitored every 4–6 hours because the potas-
sium chloride content of the infusion may need to be al-
tered. Prolonged GKI administration can lead to dilutional
hyponatremia, which may require simultaneous adminis-
tration of 0.9% saline solution. The ordinary ratio of in-
sulin to glucose is 0.30 units of insulin per gram of glucose.
Conditions such as severe obesity, major infections, liver
disease, or steroid therapy may increase the requirement to
0.4–0.8 units of insulin per gram of glucose.

Another approach is to administer the insulin and glu-
cose by separate infusion pumps in “piggyback” fashion.
This allows independent regulation of the insulin and
glucose infusion rates while a single entry portal is main-
tained. The glucose can be given as a 5%, 10%, or 20% sol-
ution. Insulin can be given at a rate of 0.5–10.0 units/h.
Adjustments are made as necessary. Again, the goal is to
maintain plasma glucose between 110 and 175 mg/dL and
provide enough glucose to minimize catabolism. This ap-
proach is strongly preferred over the GKI solution approach
in patients undergoing extensive surgery, especially in cases
in which insulin requirements vary during different parts of
the procedure and postoperative period. For example, in-
sulin requirements during cardiac surgery average 1.6
units/h during the preoperative period, 3.0 units/h from
the time of the skin incision to the onset of bypass, 5.0
units/h while the patient is on bypass, 8.3 units/h immedi-
ately after bypass, and 12.3 units/h postoperatively.

The importance of glucose control during cardiac surgery
has been emphasized by Zerr and colleagues (8) and subse-
quent publications from the Portland Diabetes Program
(4). As noted earlier, they treat their diabetic patients un-
dergoing open heart surgery with IV insulin and glucose by
“piggyback” during surgery and through the first 48 post-
operative hours to maintain a plasma glucose below 175
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mg/dL. In assessing the relationship between glucose con-
trol and the development of deep wound infections in the
first 1,585 diabetic patients undergoing cardiac surgery
from 1987 to 1993 (595 of whom were treated with this in-
tensive glucose control program), Zerr and colleagues re-
ported a significant relationship between the mean 48-hour
postoperative plasma glucose level and the development of
serious wound infections (Figure 107.2).

During minimal surgery under local anesthesia, diabetic
patients can frequently be managed by withholding food
and oral antihyperglycemic agents on the morning of
surgery, avoiding glucose-containing IV fluids, monitoring
blood glucose every two hours and treating with a single in-
sulin bolus if necessary, and restarting oral antihyper-
glycemic agents with the first postoperative meal.

MANAGEMENT OF THE DIABETIC
PATIENT HOSPITALIZED FOR ACUTE
MYOCARDIAL INFARCTION

The management of the diabetic patient with an acute my-
ocardial infarction is analogous to that of the diabetic pa-
tient with any acute severe illness who can have nothing by
mouth. Here, too, the philosophy of diabetes management
has often been to treat only severe hyperglycemia, usually
through the use of the “sliding scale.”

The Diabetes Mellitus Insulin Glucose Infusion in My-
ocardial Infarction (DIGAMI) study has refocused atten-
tion on the role of good glycemic control in reducing both
the short-term and long-term mortality of diabetic patients
with acute myocardial infarction (9). This study random-
ized 620 diabetic patients with acute myocardial infarction
to either standard diabetes treatment or intensive treat-
ment. The latter consisted of IV insulin and glucose for the
first 24–48 hours, followed by subcutaneous regular in-
sulin four times daily for at least three months. Twenty-four
hours after randomization, the intensive treatment group
had a mean blood glucose level of 173 mg/dL (vs. 211 in
the standard treatment group). Whether because of the im-
proved acute glucose control or the improved control dur-
ing the next three months, the intensively treated patients
experienced a 28% (and statistically significant) relative re-
duction in three-year mortality. Although still controver-
sial, the results of the DIGAMI study and other similar ef-
forts support the concept that plasma glucose levels should
be maintained between 110 and 175 mg/dL in acutely ill
diabetic patients.

THE ROLE OF INTENSIVE GLYCEMIC
CONTROL BY INTRAVENOUS INSULIN IN
CRITICALLY ILL PATIENTS

It has been recognized for many years that acutely ill hospi-
talized patients have a high incidence of hyperglycemia
(blood glucose �110 mg/dL). The past approach was to at-
tribute this hyperglycemia to stress and not to treat it unless
the blood glucose values exceeded 220 mg/dL. In fact, many
believed that the “stress hyperglycemia” might even be ben-
eficial by providing extra glucose to the tissues. As evidence
accumulated that severe stress inhibits insulin secretion and
causes marked insulin resistance, with all its detrimental
metabolic abnormalities, investigators began to hypothe-
size that the hyperglycemia and/or related metabolic
abnormalities might actually contribute to increased mor-
bidity and mortality. This was tested in a surgical ICU pop-
ulation of 1,548 mechanically ventilated patients. Patients
were randomized to intensive insulin treatment (continu-
ous intravenous insulin with frequent blood glucose moni-
toring, with maintenance of blood glucose throughout their
ICU stay in the range of of 80–110 mg/dL) or conventional
treatment (with insulin infusion only if their blood glucose
exceeded 215 mg/dL and blood glucose levels maintained
between 180 and 200 mg/dL) (1). Mortality among patients
who were in the ICU five days or more was reduced from
20.2% in the conventional treatment group to 10.6% in the
intensively treated group. Intensive treatment reduced over-
all in-hospital mortality by 34%, bloodstream infections by
46%, acute renal failure by 41%, and critical illness
polyneuropathy by 44%. The clinical benefits were present
whether or not the patients had previously diagnosed diabetes.
Post hoc analysis showed that patients with even modest
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Figure 107.2 Deep infection rate in 1,585 diabetic patients
undergoing cardiac surgery, as a function of mean 48-hour postop-
erative glucose levels. (Redrawn from Zerr KJ, Furnary AP, Grunk-
emeier GL, et al. Glucose control lowers the risk of wound infection
in diabetics after open heart operations. Ann Thorac Surg
1997;63:356–361, with permission.)
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hyperglycemia (mean blood glucose levels of 110–150
mg/dL) in the conventionally treated group had a higher
mortality rate than those in the intensively treated group.
The relationship between glycemic control and mortality
was linear, with a 75% increase in mortality for each 50
mg/dL increase in mean blood glucose. While the clinical
benefits correlated with blood glucose control, they also
correlated with other improvements in metabolism, such as
normalization of dyslipidemia, suppression of inflamma-
tion, and improvement in macrophage function.

Other benefits of intensive insulin treatment were a de-
crease in number of required blood transfusions, reduced
duration of ICU stay, and a yearly cost savings of at least
$40,000 per patient.

Tight glucose control was not without risks. Intensive
insulin therapy was associated with an increased risk of
hypoglycemia (5.2% versus 0.8%). However, because of
the frequent blood glucose monitoring, these episodes
were always rapidly diagnosed and treated and were not
associated with any serious adverse events.

Protocols for intensive intravenous insulin treatment
can be found in two recent references (10, 11).

DIABETIC KETOACIDOSIS AND
HYPEROSMOLAR HYPERGLYCEMIC
NONKETOTIC SYNDROME

Issues at the Time of Admission

Definition and Epidemiology

Diabetic ketoacidosis (DKA) and hyperosmolar hyper-
glycemic nonketotic syndrome (HHNS) represent the
extremes of the metabolic derangements that occur in pa-
tients with diabetes mellitus. Early recognition and appro-
priate treatment of these life-threatening illnesses are
essential. The incidence of DKA is reported to be 4.6–8.0
per 1,000 diabetic patient-years, and the incidence of
HHNS is approximately 0.6–1.0 per 1,000 diabetic pa-
tient-years. These two entities are not distinctly different
syndromes but represent variants of the disturbed
metabolism that occurs in unregulated diabetes mellitus.
DKA is characterized by hyperglycemia, ketosis, and acid-
osis (arterial pH �7.30; plasma anion gap �16 mmol/L;
serum bicarbonate �15 mmol/L). HHNS is characterized
by plasma glucose above 600 mg/dL, plasma osmolality
above 320 mOsm/L, little or no ketonemia, and arterial
pH above 7.30 (Table 107.5). The patient who presents
with HHNS usually has type II diabetes, is over the age of
50 years, and has some underlying impairment of renal
function. The patient with DKA is more likely to have type
I diabetes and to be younger and free of other chronic
diseases not related to diabetes. It is important, however,
to emphasize that DKA is a relatively common presenta-
tion for newly diagnosed type II diabetes in African-

American and Latino patients. As many as one in four
cases of DKA occur in patients with previously undiag-
nosed diabetes. Many patients present with features of
both syndromes (i.e., marked hyperosmolality and ke-
toacidosis). Mortality from DKA in the United States
ranges from 2%–5%, whereas that from HHNS is reported
to be as low as 12% and as high as 42%.

Pathophysiology

Table 107.6 summarizes the pathophysiology of DKA and
HHNS. The primary abnormality is markedly deficient
insulin secretion. Insulin deficiency at the level of adipose
tissue results in an increase in lipolysis and the release of
large quantities of free fatty acids into the circulation. In-
sulin deficiency also causes an increase in �-oxidation of
free fatty acids in the liver, which generates increases in
ketone bodies (acetoacetate and �-hydroxybutyrate).
Moreover, decreased insulin action increases gluconeogen-
esis and glycogenolysis, which leads to markedly excessive
hepatic glucose production. Insulin deficiency in muscle
results in a profound fall in glucose uptake and utilization.
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TABLE 107.5
TYPICAL LABORATORY FINDINGS IN PATIENTS
WITH DKA OR HHNS

DKA HHNS

Plasma glucose (mg/dL) 200–600 �1,000
Osmolality (mOsm/L) 300–320 360
Plasma ketones (positive) 1:16 Trace or negative
Blood pH �7.30 �7.30
Plasma anion gap (mEq/L) Usually �20 Usually �20
Serum HCO3

� (mmol/L) Usually �15 Usually �15

DKA, diabetic ketoacidosis; HHNS, hyperosmolar hyperglycemic
nonketotic syndrome.

TABLE 107.6
METABOLIC ABNORMALITIES IN DKA
AND HHNS

Organ DKA HHNS

Adipose tissue
Lipolysis ↑↑↑ ↑

Liver
Glucose production ↑ ↑↑↑
Ketone production ↑↑↑ ↑

Muscle
Glucose uptake ↓ ↓
Proteolysis ↑↑ ↑↑↑

DKA, diabetic ketoacidosis; HHNS, hyperosmolar hyperglycemic
nonketotic syndrome.
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It also stimulates muscle proteolysis, which in turn in-
creases lactate and alanine release into the circulation.

The alanine and lactate provide the substrate, and the
free fatty acid oxidation provides the energy for hepatic glu-
coneogenesis. As a result of the exaggerated glucose pro-
duction by the liver and the decreased ability of muscle to
take up glucose, hyperglycemia develops. Once the plasma
glucose level exceeds 200 mg/dL, glucose is excreted by the
kidneys, and the ensuing osmotic diuresis causes electrolyte
loss and dehydration. The markedly increased levels of ke-
tone bodies (which are weak acids) exceeds the buffering ca-
pacity of plasma. The efforts to compensate for the acidosis
lead to further losses of electrolytes and to Kussmaul respi-
ration. Table 107.7 describes the relationship between the
metabolic abnormalities that occur in DKA or HHNS and
the symptoms and signs with which patients present.

Diagnosis

The diagnosis of DKA must be considered in any patient
who presents with symptoms of diabetes mellitus (poly-
dipsia, polyuria, weight loss) and who shows signs of de-
hydration, acidosis, or both (12). The patient who presents
with drowsiness, mental obtundation, or coma should
raise particular concern. The diagnosis is confirmed by
demonstrating a plasma glucose level above 200 mg/dL
and the presence of urinary ketones, increased plasma ke-
tones, and an arterial pH of 7.30 or less. The anion gap is
increased, and the serum bicarbonate is below 15 mmol/L.
The degree of hyperglycemia is not a reliable indicator of
the severity of DKA. Euglycemic DKA has been well docu-

mented and usually results from factors that decrease hep-
atic gluconeogenesis (alcohol ingestion, starvation with
decreased substrate available for gluconeogenesis, sepsis,
or parenchymal liver disease). Appropriate therapy must
focus on the treatment of ketonemia and acidosis.

The diagnosis of HHNS should be suspected in any pa-
tient who presents with mental obtundation and is severely
dehydrated. Patients with HHNS tend to be older than
those with DKA. The onset of symptoms is often more in-
sidious, and patients more commonly have precipitating
illnesses. The diagnosis of HHNS is confirmed by demon-
stration of plasma glucose above 600 mg/dL, a plasma
osmolality above 320 mOsm/L, and minimal or no ketosis
and acidosis.

A diabetic patient presenting with significant hyperos-
molality, dehydration, or acidosis should be hospitalized
unless adequate outpatient facilities for management and
monitoring are available.

Management

The major principles in managing DKA or HHNS are as
follows (12):

1. Make a rapid diagnosis, and initiate treatment immedi-
ately.

2. Maintain organ perfusion by restoring blood volume
and supporting blood pressure.

3. Administer IV insulin to decrease free fatty acid release
and excess ketone body and glucose production by the
liver and to increase peripheral tissue glucose uptake.
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TABLE 107.7
RELATIONSHIP BETWEEN METABOLIC ABNORMALITIES AND SIGNS
AND SYMPTOMS OF DKA AND HHNS

Metabolic abnormality Symptoms Signs or ECG changes

Hyperglycemia Malaise Decreased muscle mass
Tiredness

Catabolic state Weight loss
Muscle weakness

Osmotic diuresis Polyuria Dehydration
Polydipsia Dry mucous membranes
Thirst Decreased skin turgor

Tachycardia
Hypotension

Hyperosmolality Sleepiness Multiple aspects of cerebral dysfunction
Mental obtundation
Coma

Ketoacidosis Shortness of breath Tachypnea
Abdominal pain Kussmaul respiration
Nausea and vomiting

Electrolyte loss Muscle cramps Various ECG abnormalities
Cardiac arrhythmias

DKA, diabetic ketoacidosis; ECG, electrocardiographic; HHNS, hyperosmolar hyperglycemic nonketotic
syndrome.
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4. Replace electrolytes to prevent fatal hypokalemia and
relieve severe symptomatic acidosis.

5. Prevent cerebral edema.
6. Minimize thromboembolic events.
7. Look for and treat concurrent illnesses, such as infec-

tions, that may have contributed to the development of
ketoacidosis or hyperglycemia.

Fluid Replacement

The average patient with DKA has a deficit of 5–8 L of body
water, 300–1,000 mEq of potassium, 400–700 mEq of
sodium, and significant but variable amounts of phosphate
and magnesium. Fluid replacement should begin immedi-
ately to maintain organ perfusion. Even though patients
with DKA or HHNS are more water deficient than sodium
deficient, it is best to start IV fluid replacement with 0.9%
saline solution to replenish blood volume rapidly. One
liter of 0.9% saline solution per hour for the first hour or
two is usually adequate to maintain circulatory dynamics.
This can be followed by 0.9% saline solution at 500 mL/h
for the next four hours and 250 mL/h thereafter. If the
serum sodium exceeds 150 mEq/L, 0.45% saline solution is
administered instead of the 0.9% concentration. Faster
infusion of saline solution leads to more protracted acido-
sis and no more rapid correction of hyperglycemia. If the
patient presents with circulatory insufficiency (hypov-
olemic shock), 1–2 L of colloidal plasma expanders can
be given.

Rehydration itself lowers blood glucose by increasing re-
nal perfusion and glucose excretion and by decreasing the
plasma levels of counterregulatory hormones. Once the
plasma glucose has been reduced to 250 mg/dL, infusion of
5% or 10% glucose should replace the infusion of normal
saline to allow for continued administration of insulin to
correct the ketosis and metabolic acidosis. If the patient is
still dehydrated at this stage, saline solution and glucose
can be simultaneously administered.

A similar scheme of fluid replacement is used to correct
the dehydration and fluid abnormalities in HHNS. Note
that hypernatremia is more common in HHNS, and one
should consider switching to hypotonic solutions after the
first 1–2 L of 0.9% saline solution has been infused.
Patients with extreme hyperosmolality (�350 mOsm/L)
are at risk for thromboembolism, and prophylactic low-
dose heparin is generally appropriate.

Insulin Administration

Low-dose soluble (regular) human insulin administered as
a continuous IV infusion is the ideal treatment for DKA or
HHNS. The usual starting dose is between 5 and 10 units/h
in DKA; patients with HHNS often need less insulin (1–5
units/h). Intramuscular soluble human insulin can be used
if tissue perfusion is good. This requires a loading dose of

10–20 units followed by 5 units/h. Subcutaneously admin-
istered insulin has no place in the treatment of DKA or
HHNS.

Blood glucose should be monitored hourly and the
insulin infusion rate adjusted up or down as necessary. A
reasonable goal for treating the hyperglycemia is to
decrease the glucose level by 75–90 mg/dL per hour until it
reaches 250 mg/dL, at which time that level should
be maintained with insulin (approximately 2–4 units/h)
and glucose infusion (5% or 10%) until the ketosis and
acidosis are resolved. At that time, the intravenous admin-
istration of insulin can be replaced with subcutaneous
administration, provided the patient has recovered and is
taking oral nutrition.

Potassium Replacement

Serum potassium levels at presentation of DKA may be
high, normal, or low despite the total body potassium de-
ficiency. Death can occur from hypokalemia or, rarely,
from hyperkalemia, so the management of potassium lev-
els in DKA is of critical importance. Treatment of DKA is
invariably associated with a fall in plasma potassium concen-
trations. This fall results from rehydration of intracellular
and extracellular fluid compartments, a direct effect of in-
sulin on intracellular potassium transport, correction of
acidosis, and excretion of urinary potassium with restora-
tion of renal function.

If urine flow is adequate and the presenting plasma potas-
sium level is normal or low, potassium replacement should
begin when insulin therapy is started. If the initial plasma
potassium is high (�6 mEq/L) or urine flow is markedly de-
creased, it may be necessary to delay the start of potassium
replacement by one or two hours until the plasma potassium
begins to decrease. Potassium should be replaced at 20–30
mEq/h. If hypokalemia is present or bicarbonate is adminis-
tered, then 40–80 mEq/h may be needed (Chapter 104). The
plasma potassium should be monitored and maintained
between 3.5 and 5.0 mEq/L. Potassium chloride is preferred
initially but may be converted to potassium phosphate once
the serum phosphate falls. Electrocardiographic monitoring
is useful but is no substitute for frequent laboratory mea-
surements of serum potassium.

Bicarbonate Treatment

The routine use of bicarbonate in the treatment of DKA is not
beneficial and can actually increase ketone production and
cause detrimental effects such as hypokalemia, paradoxical
worsening of cerebrospinal fluid acidosis, and impaired
oxyhemoglobin dissociation. Bicarbonate should be con-
sidered in patients with DKA only if their acidosis is so
severe that they are in imminent danger of cardiovascular
collapse. If the arterial pH is less than 7.0 or if bicarbonate
levels are extremely low (�5 mEq/L), 50–100 mmol of
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sodium bicarbonate in 250–1,000 mL of 0.45% saline
solution, with 10–20 mmol of potassium added, can be
given over 30–60 minutes. This can be repeated until the
arterial pH exceeds 7.0.

Replacement of Other Electrolytes

Total body phosphate, magnesium, and calcium are de-
pleted in DKA and HHNS, and plasma phosphate and
magnesium fall significantly during fluid replacement. Low
plasma phosphate or magnesium rarely causes untoward
effects during treatment of DKA, and so replacement of
these electrolytes is not routinely needed. However, serum
phosphate levels below 1.0 mg/dL are associated with
rhabdomyolysis, hemolysis, and cardiac dysfunction, so it
is reasonable to replace phosphate if plasma levels fall be-
low 1.5 mg/dL. Intravenous administration of phosphate
(1–2 mmol/L per kilogram of body weight) during 6–12
hours is the usual treatment. Magnesium therapy is
indicated only for ventricular arrhythmias that are not
attributable to hypokalemia.

Complications of Treatment

The major complications of treatment for DKA and HHNS
are associated with fluid overload: pulmonary edema,
hypoglycemia, thromboembolism, cerebral edema, and
acute respiratory distress syndrome. Fluid overload and
hypoglycemia are prevented by proper monitoring of
fluid intake and output, central venous pressure monitor-
ing if indicated, and bedside blood glucose monitoring.
Cerebral edema is a rare but well-recognized complication
of treatment. It usually occurs 2–24 hours after treatment
begins, is characterized by severe headache and deterio-
ration in the level of consciousness, and is rapidly progres-
sive and fatal if not treated aggressively (Chapter 117). The
pathophysiology is poorly understood but is thought to be
associated with rapid hydration and quick reduction of
plasma osmolality. Treatment, which must be initiated im-
mediately, consists of 0.5–2.0 g of IV mannitol per kilo-
gram of body weight. The complication is best prevented
by limiting the pace with which both dehydration and
plasma hyperosmolality are corrected. Acute respiratory dis-
tress syndrome is characterized by the sudden onset of dysp-
nea and hypoxemia, decreasing lung compliance, and the
presence of diffuse pulmonary infiltrates on chest radiogra-
phy (Chapter 24). Mortality is high, and treatment consists
of ventilatory support. As with cerebral edema, the cause of
this rare complication is unknown. One possibility is a
rapid decrease in oncotic pressure; another is a specific
alveolar capillary defect induced by acidosis and hyperven-
tilation.

Thromboembolic complications of DKA and HHNS are
related to the hypercoagulable state caused by hyper-
glycemia and increased viscosity resulting from severe

hyperosmolality. Prophylactic heparin therapy seems
appropriate in severe cases, but there are no studies to sup-
port this practice.

Issues During the Course of Hospitalization

Initial therapy should result in resolution of DKA or HHNS
within the first 24–36 hours of hospitalization. Careful at-
tention to metabolic regulation should avoid the compli-
cations of treatment. On hospital days 2 through 4, any
problems that contributed to the development of DKA or
HHNS (e.g., infections) should be addressed. Patients in
whom DKA or HHNS has resolved and who are taking oral
nutrition can also be converted to a subcutaneous insulin
treatment regimen (in the case of DKA) or to either a sub-
cutaneous insulin or oral antihyperglycemic treatment reg-
imen (in the case of HHNS).

When a patient is switched from an IV to a subcutaneous
insulin regimen, it is important to recognize that the effects
of IV insulin generally last for less than an hour. Subcuta-
neous soluble (regular) human insulin achieves peak levels
2–4 hours after injection, and subcutaneous NPH or Lente
human insulin achieves such levels 6–9 hours after injec-
tion. Therefore, the subcutaneously administered insulin
program (Table 107.2) should be initiated 1–3 hours be-
fore IV insulin is discontinued.

Discharge Issues

The major issues at discharge are ensuring that the patient
receives adequate diabetes education and planning appro-
priate outpatient management for glycemic, lipid, and
blood pressure control. Diabetes education is essential if
the patient is to learn how to prevent recurrent episodes of
DKA or HHNS. It can also help the patient achieve target
goals for metabolic control as an outpatient. In addition to
receiving inpatient education, the patient should be re-
ferred to a diabetes education center staffed by diabetes ed-
ucators and dieticians.

Most patients with DKA are discharged on a subcuta-
neous insulin treatment regimen, usually consisting of 2–4
injections per day. Adjustments to target glycemic controls
are made in the outpatient setting. Patients with type II di-
abetes presenting with DKA are discharged on a subcuta-
neous insulin treatment program and can frequently be
switched to oral antihyperglycemic agents after several
months of good outpatient glycemic control. Many pa-
tients with HHNS can be switched from insulin-based reg-
imens to oral antihyperglycemic agents within several
weeks of discharge.

Patients being discharged after admission for DKA or
HHNS should monitor their blood glucose regularly and
their urine for ketone bodies when they feel ill. Such mon-
itoring enables them to recognize early ketosis and take ap-
propriate steps to prevent DKA.
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HYPOGLYCEMIA

Issues at the Time of Admission

Although hypoglycemia is common, it rarely justifies hos-
pitalization in and of itself. Hypoglycemia is caused by
either inadequate production of glucose by the liver and
kidney or excessive peripheral utilization of glucose. Both
these processes are influenced by insulin and counterreg-
ulatory hormones. Excessive administration or secretion of
insulin increases peripheral glucose utilization and de-
creases hepatic glucose production. Counterregulatory hor-
mones increase hepatic glucose production and gradually
decrease peripheral tissue sensitivity to insulin. In the nor-
mal person, a falling blood glucose level triggers an auto-
nomic response that increases hepatic glucose production,
decreases insulin secretion, and causes hunger (resulting in
increased food intake). Diabetic patients treated with in-
sulin or insulin secretagogues are not able to compensate
for hypoglycemia by decreasing insulin secretion, and the
autonomic nervous system function of these patients may
be impaired, which hampers the counterregulatory re-
sponses to hypoglycemia.

Clinical Presentation

Symptoms of hypoglycemia are attributable to activation
of the autonomic nervous system (sweating, tachycardia,
tremor, and hunger) or to cerebral glucose deficiency
(decreased cognitive function, mental obtundation, and
coma). Ordinarily, autonomic nervous symptoms occur
first and warn the person that hypoglycemia is occurring
so that food can be sought. Neuroglycopenic (cerebral
glucose deficiency) symptoms may render a person inca-
pable of combating the hypoglycemia. Unfortunately, in
patients with tightly controlled type I diabetes or in dia-
betic patients with autonomic neuropathy, hypoglycemic
unawareness (i.e., lack of the autonomic response) results
in the loss of these autonomic warning signs. In such
persons, the sudden occurrence of neuroglycopenic
symptoms must be treated by someone other than the
patient.

Diagnosis

A history of classic symptoms accompanied by a blood glu-
cose level below 50 mg/dL confirms the diagnosis of hypo-
glycemia. All patients who present with cognitive disorders,
personality changes, or disturbed consciousness should
have their blood glucose measured. If hypoglycemia is
found, a history of diabetes with insulin or insulin secreta-
gogue administration should be sought. Other causes of
hypoglycemia to be considered in a person without dia-
betes include islet cell tumors, liver disease, adrenal insuf-
ficiency, and mesenchymal tumors.

Indications for Hospitalization

Most episodes of severe hypoglycemia in type I diabetic
patients can be managed in the emergency department.
Prolonged severe hypoglycemia can lead to temporary or
permanent neurologic damage, and patients exhibiting
such signs and symptoms require hospital admission for
evaluation.

Any diabetic patient taking insulin secretagogues (sulfon-
ylureas) in whom hypoglycemia sufficient to cause severe neuro-
glycopenic symptoms develops needs to be hospitalized for treat-
ment. Drugs such as chlorpropamide, glyburide, and
glipizide may continue to cause hypoglycemia for periods
as long as 24–72 hours. Therefore, treatment requires not
only acute IV glucose administration but also longer infu-
sions for 24–72 hours.

Initial Therapy

The usual treatment of hypoglycemia is immediate admin-
istration of 50 mL of 50% glucose in water. This is followed
by an infusion of 10% glucose administered at a rate of 100
mL/h. The infusion rate is adjusted based on the blood glu-
cose determination.

Intravenous or intramuscular administration of 1 mg of
glucagon can facilitate the treatment of hypoglycemia in di-
abetic subjects but is effective only if the patient is well
nourished and liver glycogen stores are adequate. In the
hospital setting (where IV glucose is available), there is no
indication for glucagon administration. In the event that IV
access is not possible or is delayed, intramuscular glucagon
administration can temporarily relieve the hypoglycemia
until other measures can be instituted.

In a patient who develops severe hypoglycemia sec-
ondary to insulin secretagogues and is partially resistant to
treatment with intravenous glucose, the addition of oc-
treotide 50 mcg subcutaneously every eight hours for 2–3
doses can help ameliorate the hypoglycemia. The octreotide
inhibits endogenous insulin secretion. In patients with hy-
poglycemia secondary to insulin-producing tumors, either
octreotide or oral diazoxide can reduce insulin secretion
and improve hypoglycemia.

Issues During the Course of Hospitalization

The major issue for the diabetic patient during hospitaliza-
tion is to identify the precipitants of hypoglycemia and ed-
ucate the patient about measures to modify them. Usually,
precipitants involve inadequate meal planning, not prepar-
ing for strenuous exercise, excessive ingestion of alcohol, or
an inappropriate diabetic treatment program.

Discharge Issues

The primary discharge issues are educational. Persons with
type I diabetes who have had a severe hypoglycemic
episode are at increased risk for additional episodes. The
treatment plan of each patient should be reevaluated.
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COST CONSIDERATIONS AND
RESOURCE USE

In one survey, 23.8% of all adults with diabetes reported
being hospitalized in the previous year (13). The majority
of these patients were hospitalized for the care of chronic
complications or for other medical or surgical illnesses. A
one-day extension of hospital stay for each diabetic patient
would result in an increase of approximately 2.3 million
hospital bed-days. It is obvious that efficient regulation of
glycemia during hospital admissions could yield enormous
savings in health care resources.

Approximately 50%–75% of DKA episodes are caused
by a lack of appropriate care, either attributable to the
patient or the health care system. Diabetes education for
patients and their families can have a major impact in
reducing episodes of ketoacidosis.

The cost of long-term diabetes care has been shown to
correlate well with the quality of glycemic control. Costs of
medical care were calculated for a cohort of diabetic pa-
tients in a health care plan during the three-year period
from 1992 to 1995 (14). The costs for patients with a
hemoglobin A1c of 7%, 8%, 9%, and 10% were 4%, 10%,
20%, and 30% higher, respectively, than the costs for com-
parable patients with a hemoglobin A1c of 6%. For a pa-
tient with diabetes, hypertension, and heart disease with a
hemoglobin A1c of 10%, the three-year cost of care was
$49,673; the cost for a comparable patient with a
hemoglobin A1c of 6% was $38,726. Thus, appropriate
management of hospitalized patients with diabetes melli-
tus can result not only in better outcomes but also in huge
reductions in health care costs and utilization.

KEY POINTS

■ The clinical management of diabetic patients includes
appropriate hospital management in addition to long-
term metabolic control in the outpatient setting.

■ Optimal glycemic control (in the range of 110 to 175
mg/dL) has been shown to improve outcomes and lower
costs in hospitalized diabetic patients.

■ Hyperglycemia in acutely ill ICU patients should be
normalized by an intensive insulin treatment program.

■ Acute metabolic complications of diabetes (diabetic
ketoacidosis and hyperosmolar hyperglycemic nonke-
totic syndrome) can be life threatening. Appropriate
management includes rapid correction of glycemia
and electrolyte and fluid imbalance, treatment of any
precipitants, and a coordinated transition to outpatient
care.

■ Hypoglycemia is managed acutely with glucose infusion,
which may need to be continued for days if the precipitant
was a long-acting oral hypoglycemic agent. Hypoglycemia
often represents a failure of diabetes education, which
should be addressed before the patient is discharged.
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Acute Presentations of 

Thyroid Disease
Leonard Wartofsky

INTRODUCTION

Although most disorders of the thyroid gland present sub-
acutely or chronically and can be managed safely in the office
setting, acute presentations of profound hyperthyroidism
and hypothyroidism are dramatic and life threatening and
require rapid action on the part of the hospital physician.
This chapter discusses the entities of thyrotoxic storm and
myxedema coma; refer to Chapter 106 for a discussion of
thyroid function test abnormalities in hospitalized patients.

THYROTOXIC STORM

The syndrome of thyrotoxic “storm” or “crisis” is a life-
threatening complication of severe hyperthyroidism. Thy-
roid storm is a state of disordered homeostasis resulting
from acute decompensation of the cardiovascular, central
nervous, gastrointestinal, and hepatorenal systems. A clini-
cal suspicion of worsening thyrotoxicosis with a threat of
storm may prompt hospitalization, or, perhaps just as fre-
quently, storm will occur in a thyrotoxic patient who is al-
ready hospitalized for another medical or surgical problem.
Historically, thyrotoxic storm after thyroidectomy, thoraco-
abdominal surgery, or obstetric procedures in thyrotoxic pa-
tients (“surgical storm”) was a common complication and
major cause of mortality. Early diagnosis and modern im-
provements in preoperative medical treatment of the thyro-
toxic patient have led to a decline in the incidence of surgical
storm. Today, thyrotoxic storm develops most frequently in
the setting of systemic illness such as infection (“medical
storm”), although surgical storm remains a potential prob-
lem. Awareness of the precipitant of storm, whether medi-
cal or surgical, helps guide the selection of therapy.

Issues at the Time of Admission

Etiology of Storm

In a patient hospitalized with nonthyroid systemic illness
or operative stress, thyroid hormone binding to its carrier
proteins in blood is altered, which leads to increases in the
tissue-active free hormone concentration. This process may
convert a previously stable patient with uncomplicated thy-
rotoxicosis into one with storm. Therefore, values for total
thyroxine (T4) or total triiodothyronine (T3) determined by
radioimmunoassay may be no different in thyroid storm
than in uncomplicated thyrotoxicosis because it is the con-
centration of free or unbound thyroid hormone that is gen-
erally responsible for clinical decompensation. Indeed,
Brooks and Waldstein (1) demonstrated a twofold increase
in the percentage of dialyzable T4 and concentration of free
T4 in storm in comparison with these values in uncompli-
cated severe thyrotoxicosis. Storm can also occur as a result
of T3 toxicosis, with normal serum total and free T4 but el-
evated levels of total and free T3. Increased thyroid release
of T4 and T3 has not been directly implicated in the devel-
opment of thyrotoxic storm. In some instances, however,
storm appeared after vigorous gland palpation, therapy
with radioactive iodine (131I), and iodine administration,
which suggests that augmented glandular hormone release
was responsible, at least in part.

Clinical Presentation

The clinical presentation of thyroid storm is often dra-
matic, with classic signs of severe thyrotoxicosis together
with manifestations of multiple organ system failure. The
diagnosis should be considered in the thyrotoxic patient
with fever, marked tachycardia, congestive heart failure,
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diarrhea, and central nervous system signs that may vary
from confusion to coma. The importance of making an
early and correct diagnosis and of initiating immediate vig-
orous therapy relates to the extremely high potential mor-
tality rate. Although storm occurs in only 1%–2% of all
hospitalizations for thyrotoxicosis, the reported mortality
rates in large inpatient series have ranged from 30%–100%
(2). Because the perioperative and postoperative periods
(after both thyroid and nonthyroid surgery) are common
settings for storm, surgeons and hospital physicians must
maintain a heightened awareness of the potential for storm
in patients with known or suspected thyroid disease.

Issues During the Course of Hospitalization

Diagnosis

Successful therapy for thyrotoxic storm begins with early
and accurate diagnosis. Unfortunately, it is not possible to
differentiate storm from severe, otherwise uncomplicated
thyrotoxicosis on the basis of laboratory test findings. The
diagnosis is most obvious with a classic and dramatic pre-
sentation of fully developed storm, which includes fever
(�38.5°C), altered mental status, congestive heart failure,
and frequent, watery stools. However, by the time the pa-
tient manifests such a presentation, opportunities for early
therapy have passed, and the mortality is significantly in-
creased. Burch and Wartofsky (2) have proposed a scoring
system to assist in the distinction between severe thyrotox-
icosis and thyrotoxic storm (Table 108.1).

Patients with thyroid storm usually have some degree of
alteration in central nervous system function. Although
symptoms of tremor, restlessness, irritability, and emo-
tional lability are characteristic of thyrotoxicosis, confusion,
lethargy, and psychosis culminating in stupor and coma are
quite typical of storm but unusual in uncomplicated thyro-
toxicosis without premorbid psychopathology. Indeed,
central nervous system dysfunction is so common in storm
that preservation of normal mentation in a febrile thyro-
toxic patient is strong clinical evidence against impending
storm and may suggest a superimposed infection.

The gastrointestinal system is often involved in patients
with storm. Diarrhea is the most frequent complaint, al-
though abdominal pain, nausea, and vomiting are not
uncommon. Hepatic function is variably affected; mild
degrees of liver dysfunction are the rule, and frank hepatic
failure is seen occasionally. Malnutrition can be profound,
with weight loss often exceeding 20 kg, reflecting the un-
derlying catabolic state. Additionally, hypoglycemia and
hypoalbuminemia may be seen in storm and reflect long-
standing severe caloric deficits.

Having made a diagnosis of thyroid storm, the clinician
is required to search carefully for and treat an event or ill-
ness that led a case of uncomplicated thyrotoxicosis to
evolve into storm (Table 108.2). Infection, often occult, is
the most common precipitating event.
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TABLE 108.1
DIAGNOSTIC CRITERIA FOR THYROID STORM

Points

Thermoregulatory dysfunction
Temperature: 99–99.9°F 5

100–100.9 10
101–101.9 15
102–102.9 20
103–103.9 25
�104 30

Central nervous system effects
Absent 0
Mild agitation 10
Delirium, psychosis, lethargy 20
Seizure or coma 30

Gastrointestinal dysfunction
Absent 0
Diarrhea, nausea, vomiting, or abdominal pain 10
Unexplained jaundice 20

Cardiovascular dysfunction
Tachycardia: 90–109 beats/min 5

110–119 10
120–129 15
130–139 20
�140 25

Congestive heart failure
Absent 0
Mild (edema) 5
Moderate (bilateral basilar rales) 10
Severe (pulmonary edema) 15

Atrial fibrillation
Absent 0
Present 10

History of precipitating event (surgery, infection, other)
Absent 0
Present 10

Points are assigned as applicable and the scores totaled. When it is not
possible to distinguish a finding caused by an intercurrent illness from
one of thyrotoxicosis, the higher point score is given so as to favor
empirical therapy of storm. Under cardiovascular dysfunction, separate
points are given for the findings of tachycardia, atrial fibrillation, or
congestive heart failure. Interpretation: Based upon the total score, the
likelihood of the diagnosis of thyrotoxic storm is as follows: unlikely, 
�25; impending, 25–44; highly likely, �45.
From Burch HB, Wartofsky L. Life-threatening thyrotoxicosis: thyroid
storm. Endocrinol Metab Clin North Am 1993;22:263–277.

Management

Successful therapy requires management directed toward
four therapeutic goals: (a) reducing hormone synthesis
and release from the thyroid; (b) antagonizing periph-
eral actions of existing excesses of circulating hormone;
(c) providing supportive care and avoiding homeostatic
decompensation; and (d) defining and treating any precip-
itating or complicating underlying conditions.

Therapy Directed Against the Thyroid Gland
The inhibition of thyroid hormone synthesis and release
is the cornerstone of acute treatment. The thionamides,
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propylthiouracil (PTU) and methimazole (Tapazole), are
potent inhibitors of organification of iodine. Provided that
adequate dosages are used, thionamides profoundly re-
duce hormone synthesis in virtually all patients. Although
their onset of action is relatively rapid after oral adminis-
tration, it may take weeks to see clinical improvement.
Therefore, other, more rapidly-acting therapies should be
added (see below). In addition to blocking iodine organi-
fication, PTU inhibits the peripheral conversion of T4 to
the much more active T3, thereby facilitating a more rapid
fall in serum T3 concentration than does methimazole,
which lacks this property. Initially, PTU is administered in
a dosage of 1,200–1,500 mg/d (200–250 mg given orally
every 4 hours); alternatively, methimazole in a dosage of
120 mg/d (20 mg given orally every 4 hours) may be used.
Although the use of a thionamide in a patient with previ-
ous thionamide-related hepatocellular dysfunction or
agranulocytosis cannot be recommended, a history of mi-
nor rash or urticaria with these agents should not prevent
their use in storm. Unfortunately, no suitable intravenous
(IV) preparation of either PTU or methimazole is avail-
able. Rectal administration of either PTU or methimazole
suppositories can achieve therapeutic blood levels in the
patient for whom oral agents are contraindicated or im-
practical (3).

Although further synthesis of iodothyronines in the thy-
roid may be effectively blocked by thionamides, continued
release of preformed hormone from glandular stores will
persist unabated during thionamide treatment. Addition of
another agent, such as stable iodine or lithium carbonate, is
necessary to inhibit thyroid release of preformed hormone.
Because Lugol iodine solution as sole therapy will augment
and enrich hormonal stores in the thyroid, organification
should be blocked with a thionamide before iodine ther-
apy is begun. If organification has not been blocked, the io-
dine treatment can result in worsening of thyrotoxicosis.
Although Lugol solution (0.5 mL orally every 6 hours) is ef-

fective, an IV infusion of sodium iodide (1 g every 24
hours) is equally effective and eliminates potential con-
cerns related to variable gut absorption. Commercial
preparations of the latter are no longer available in the
United States but may be specifically formulated. In con-
trast to the slow decline in serum levels of T4 and T3 seen
with sole thionamide therapy, levels fall rapidly after io-
dine therapy is added (with nearly normal values often
reached in 3–5 days).

Iodinated radiographic contrast dyes such as ipodate (Ora-
grafin) have been used increasingly in the management of
thyrotoxicosis. Ipodate is effective in inhibiting glandular
iodine release because of the large amount of stable iodine
present in this compound (approximately 65% by weight).
Ipodate is also a potent inhibitor of the conversion of T4 to
T3 in many tissues. The efficacy of ipodate for thyrotoxic
storm has not been extensively studied, but a rapid decline
in circulating T4 and T3 levels is typically seen in thyrotoxi-
cosis with a daily dose of 1–3 g orally (in addition to
adequate thionamide treatment). Another iodine-rich
compound, amiodarone, should be equally effective but
has not yet been studied in this setting. It could be used in
an urgent situation if no other iodine source were available,
but only in combination with a thionamide. A 200 mg
tablet (containing 74 mg iodine) once or twice daily
should suffice.

Occasionally, a patient with thyrotoxic storm will also
have a clear history of iodine allergy. In such patients,
lithium carbonate, which has been used successfully in the
treatment of thyrotoxicosis, should be considered. At an
initial dosage of 300 mg every 6 hours, lithium is usually ef-
fective in inhibiting thyroid hormone release. To avoid
lithium toxicity, serum levels must be monitored daily with
doses titrated to maintain a plasma lithium level of ap-
proximately 1.0 mEq/L. Regardless of which agent is cho-
sen, the most important thing is to start therapy to inhibit
hormone release as early as possible after initiation of
thionamides. In the absence of comparative trials, the
author’s preference is to use Lugol iodine, ipodate, or
amiodarone. If none of these is readily available, lithium
carbonate would be started.

Although 131I may be considered for definitive therapy
after storm has resolved (see below), radioactive iodine
should not be administered during the acute phase of thyroid
storm. This is because the associated destruction of thyroid
follicular cells would release more T4 and T3, thereby po-
tentially aggravating the thyroid crisis.

Therapy Against Ongoing Effects of Thyroid
Hormone in the Periphery
The activity of the sympathetic nervous system is greatly en-
hanced in thyrotoxic storm. �-adrenergic receptor antago-
nists, especially propranolol (40–80 mg every 6 hours
orally), have become the drugs of choice to counteract this
hyperadrenergic state. Frequently, larger doses are required
to reduce sympathetic nervous system activity in storm
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TABLE 108.2
CLINICAL DISORDERS THAT CAN
PRECIPITATE THYROTOXIC CRISIS

Infection (bronchopneumonia, pharyngitis, meningitis, sepsis)
Surgery
Diabetic ketoacidosis
Pulmonary thromboembolism
Cerebrovascular accident
Iodine administration (iodinated contrast dye, oral iodine)
Hypoglycemia
Parturition
Trauma (including vigorous and repetitive thyroid palpation)
Therapy with 131I
Emotional stress
Thiourea withdrawal
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because serum levels are variable after customarily
employed doses. In the critically ill patient, IV propranolol
in doses of 1–2 mg may be used initially until effective
serum levels are achieved after oral administration. The
ultra–short-acting �-adrenergic blocker esmolol can also be
used for the perioperative management of thyroid storm. A
loading dose of 0.25–0.5 mg/kg, followed by a continuous
infusion at a rate of 0.05–0.1 mg/kg per minute, has been
shown to be effective. The role of �-adrenergic blockade
when congestive heart failure is present in storm is ar-
guable, but it can be beneficial if the agent is titrated with
careful hemodynamic monitoring.

Occasionally, adequate control of clinical thyrotoxicosis
is not achieved despite massive doses of propranolol. In ad-
dition to �-adrenergic blockade, other more aggressive
means of reducing hormone concentrations in the periph-
ery are dialysis and plasmapheresis. Hemoperfusion
through a resin bed or charcoal columns may be similarly
employed (4). Finally, some removal of circulating T4 and
T3 can be achieved safely by the use of cholestyramine
resin; this agent binds thyroid hormone entering the gas-
trointestinal tract via enterohepatic recirculation.

Two other issues related to the use of �-blockade are
worth mentioning. First, several cases of storm have been
reported in patients being treated with �-blockers unac-
companied by antithyroid drug blockade (5). Therefore,
one cannot rely on therapy with �-blockers alone and
assume either that storm cannot supervene or that such
monotherapy is adequate in severe thyrotoxicosis. Second,
in the patient allergic to thioureas, surgery can be
performed under �-blockade, albeit more safely with si-
multaneous administration of iodine, ipodate, or lithium
carbonate (6).

Therapy Directed Against Systemic
Decompensation
The serious prognosis of thyrotoxic storm mandates ad-
mission or transfer to a critical care unit for careful moni-
toring. Aggressive treatment of fever is mandatory. Ac-
etaminophen is the preferred antipyretic agent because
salicylates can increase free hormone levels by displacing
thyroxine from serum protein binding sites. Aggressive
cooling measures, including alcohol washes, cooling blan-
kets, and ice packs, may be required. Fever, especially if ac-
companied by diarrhea and vomiting, can lead to large
fluid losses, and fluids must be vigorously replaced to pre-
vent cardiovascular collapse. Volume status must be moni-
tored carefully because excessive fluid depletion is also a
threat in storm. Congestive heart failure may be precipi-
tated by atrial tachyarrhythmias, impaired myocardial con-
tractility, or volume overload. Therapy with digitalis and
diuretics is beneficial, although the required dose of
digoxin is often high because of the altered distribution
and metabolism of digitalis. Depleted hepatic glycogen and
water-soluble vitamins must also be replaced. Typically,
10% dextrose supplied in hypotonic saline solution at a

rate of 3–4 L each day with vitamin supplementation is
adequate.

Prompted by concern over potentially impaired adreno-
cortical reserve, clinicians have long used glucocorticoids
empirically in patients with thyrotoxic storm. Although
no controlled trials have proved its efficacy, this practice
has a scientific rationale, as plasma clearance rates for
cortisol in patients with thyrotoxicosis are twice those of
euthyroid controls. Furthermore, the response of urinary 
17-hydroxycorticosteroids to infusions of adrenocorti-
cotropic hormone (ACTH) may be blunted in thyrotoxico-
sis. An additional benefit of steroids is that they inhibit the
conversion of T4 to T3, as do PTU and ipodate. An initial dose
of 300 mg of hydrocortisone followed by 100 mg every 8–12
hours should be adequate (2) (Chapter 109).

Therapy Directed Against the Precipitating Illness
The precipitating cause of thyrotoxic storm is often readily
apparent, as in cases presenting after trauma, thyroidectomy,
and parturition. No specific therapy need be administered for
these causes once the initial insult has passed. Hypoglycemia,
ketoacidosis, pulmonary emboli, or stroke complicating
storm will require the same specific therapy generally
reserved for these conditions in the absence of storm. With a
stuporous patient, a high index of suspicion for these (often
occult) precipitating events must be maintained.

Although fever may occur in thyrotoxic storm in the ab-
sence of infection (presumably representing the “hyper-
metabolic” state), it is vitally important to exclude
underlying infection. Cultures of blood, urine, and other
appropriate fluids (including spinal fluid in the obtunded
patient) are mandatory. In many cases, it is wise to initiate
broad-spectrum antibiotics, with administration guided by
the clinician’s best impression of the most likely site of in-
fection. The antibiotics can then be subsequently tailored
or discontinued based on culture results.

Issues at Discharge

Definitive Therapy of Thyrotoxicosis

The rapid clinical diagnosis of early thyrotoxic storm and ag-
gressive therapeutic intervention provide the best chance for
successful resolution. Discharge should not be considered
until all vital signs have been stable for 48 hours and cardio-
vascular and mental status have returned to baseline. As the
patient begins to improve clinically, the various therapeutic
measures can be gradually withdrawn. Steroids should be
rapidly tapered. Whether or not to continue antibiotic treat-
ment is guided by standard recommendations based on site
of infection and etiologic agent. The withdrawal of
thioureas, stable iodine, and �-blockers may be more diffi-
cult clinical decisions. If storm has occurred in the postthy-
roidectomy setting, it should be self-limited, because the
source of thyroid hormone has been ostensibly excised.
In the event that only a lobectomy or a lobectomy and
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isthmusectomy were performed, medical therapy with
thioureas and �-blockade will have to be continued and
gradually tapered, with monitoring per standard recommen-
dations for medical therapy in the postoperative patient.

Once the acute danger is past, attention can be directed
to the long-term management of thyrotoxicosis. In cases of
storm occurring outside the perioperative period, definitive
treatment of the underlying thyroid disorder is strongly rec-
ommended to prevent another episode of storm. The tradi-
tional titration regimen of slowly withdrawing thioureas in
the hope of maintaining a long-term remission is usually
inappropriate in a patient whose thyrotoxicosis was severe
enough to result in storm. Rather, definitive therapy with ra-
dioactive iodine or surgery is indicated. The large doses of sta-
ble iodine administered during the episode of storm will
flood the body pool of iodine, diminish thyroid uptake of
radioactive iodine, and thereby limit the possibility of em-
ploying ablation with radioactive iodine as definitive ther-
apy, at least until some future date when the iodine load
has cleared. Thus, in the majority of such cases, it seems
preferable to consider surgical treatment 2–4 weeks after
resolution of the episode of storm, and to continue aggres-
sive therapy in the meantime with thioureas, iodine, and �-
blockers.

MYXEDEMA COMA

Myxedema coma is a rare syndrome that represents the ex-
treme expression of severe hypothyroidism. The syndrome
most often is seen in hospitalized, elderly women with long-
standing hypothyroidism, and the classic features of that dis-
ease usually are present. Most patients have an underlying
disorder of the thyroid gland itself; fewer than 10% have hy-
pothalamic or pituitary disease as the basis of hypothy-
roidism. Once considered, the diagnosis should be easy to
establish on both clinical and laboratory grounds, but the
disorder can still be associated with a mortality rate as high
as 60% despite appropriate and vigorous therapy (7).

Issues at the Time of Admission

Clinical Presentation

Precipitating Events
Myxedema coma is most often encountered during the
winter months, which suggests that external cold may be an
aggravating factor. Other events associated with myxedema
coma include pulmonary infections, cerebrovascular acci-
dents, and congestive heart failure (Table 108.3). Pul-
monary infection also can occur as a secondary event in the
comatose, hypoventilating patient, as can aspiration pneu-
monia. Similarly, it can be difficult to determine whether
other abnormalities, such as hyperglycemia, hyponatremia,
hypercapnia, and hypoxemia, which often are associated

with myxedema coma, contributed to the coma or are sec-
ondary consequences. Drugs often initiate or compound
the downward spiral of the hypothyroid patient into coma.
Common culprits include anesthetics, opiates, sedatives,
antidepressants, and tranquilizers, and the mechanism ap-
pears to be related to depression of the respiratory center.

Clinical Appearance
Two of the cardinal features of myxedema coma are hy-
pothermia and unconsciousness. It is not unusual for the syn-
drome to present in patients with previously undiagnosed
hypothyroidism whose illness has become complicated by
infection or other systemic disease. There may be a history
of antecedent thyroid disease, thyroid hormone replace-
ment therapy that was discontinued for no apparent reason,
or therapy with radioactive iodine. Examination of the neck
may reveal a surgical scar and nonpalpable thyroid tissue, or
a goiter may be present. The course often is one of lethargy
progressing to stupor and then coma, which can be has-
tened by the use of sedatives or opiates, which leads to res-
piratory failure and retention of carbon dioxide. The usual
features of dry, coarse, and scaly skin, delayed deep tendon
reflexes, sparse or coarse hair, carotenemic pallor, puffy fa-
cies, large tongue, and hoarseness may be present, in addi-
tion to moderate-to-profound (e.g., 80°F) hypothermia.

Respiratory System
The most important factor underlying the ventilatory
abnormality in myxedema is a depression of the hypoxic res-
piratory drive, which can be accompanied by a depressed
ventilatory response to hypercapnia. The resulting de-
crease in alveolar ventilation leads to progressive carbon
dioxide narcosis and coma, and impaired respiratory mus-
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TABLE 108.3
MYXEDEMA COMA: PRECIPITATING
FACTORS

Cerebrovascular accident
Hypothermia
Infection
Congestive heart failure
Drugs

Anesthetics
Sedatives
Tranquilizers
Opiates
Lithium carbonate
Amiodarone

Trauma
Gastrointestinal bleeding
Metabolic disturbance compounding obtundation

Hypoglycemia
Hyponatremia
Hypercapnia
Acidosis
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cle function may compound the hypoventilation. Muscle
function is usually reduced enough that mechanical venti-
lation is required, especially if opiate or sedative drugs are
playing a role in the depressed ventilation. Several other
physical or anatomic factors can impede ventilation in the
hypothyroid patient, such as pleural effusions or ascites.
In addition, swelling of the tongue and tissue of the up-
per respiratory tract with a myxedematous infiltrate can
cause partial obstruction that may progress during super-
imposed infection (e.g., laryngeal obstruction caused by
marked edema of the vocal cords) to an acute respiratory
emergency.

Cardiovascular Manifestations
The findings considered typical of hypothyroid heart dis-
ease also are observed in myxedema coma, including en-
largement of the cardiac silhouette, bradycardia, decreased
quality and intensity of the heart sounds, and minor elec-
trocardiographic abnormalities. The latter consist of vary-
ing degrees of block, low voltage, prolonged QT interval,
and flattened or inverted T waves. Although enlargement of
the cardiac silhouette may partly represent ventricular di-
latation, it is usually caused by pericardial effusion sec-
ondary to accumulation of fluid rich in mucopolysaccha-
ride. The fluid tends to accumulate over a long time, and as
a consequence, cardiac tamponade is rare.

Stroke volume and cardiac output are reduced on the ba-
sis of impaired cardiac contractility, but frank congestive
heart failure is very rare. The abnormalities in left ventricu-
lar function and the pericardial effusion gradually normal-
ize with thyroxine replacement. The lactate dehydrogenase
isoenzyme pattern in severe hypothyroidism can mimic
that of myocardial infarction, and creatine kinase levels also
are elevated (troponins have not been studied). To add to
the potential confusion, myocardial infarction (from
atherosclerotic disease) can be the precipitating event for
myxedema coma, and patients with hypothyroidism are at
risk for myocardial infarction during injudicious overre-
placement of thyroid hormone. Nevertheless, the mortality
of untreated myxedema coma demands vigorous treatment
with thyroid hormone, as discussed below.

Although total body water and extracellular fluid vol-
ume may be increased, intravascular volume is reduced,
and this contributes to the propensity for hypotension. In-
creases in blood pressure regularly follow replacement with
thyroid hormone. Cardiovascular collapse and shock may
supervene in myxedema coma before there is adequate
time for thyroid hormone to act, in which case the use of
pressors (along with thyroid hormone) is mandatory. In
this situation, the potential for fatal arrhythmias is ex-
tremely high, and careful monitoring in an intensive care
unit (ICU) is essential.

Gastrointestinal Manifestations
Decreased intestinal motility is common in hypothy-
roidism, and its most severe expression, paralytic ileus, is

frequent in myxedema coma. Impaired peristalsis may be a
consequence of both neuropathic changes related to thy-
roid deficiency and myxedematous infiltration of the gut
wall. Accompanying problems include constipation and
obstipation, both of which improve with replacement ther-
apy. Gastric atony in myxedema coma is a particularly trou-
blesome problem because absorption of oral medications
is affected. Because of this, parenteral administration of T4

or T3 may be preferable, as discussed below.

Renal and Electrolyte Manifestations
Abnormalities noted in severe hypothyroidism include in-
creased body water, decreased plasma volume, decreased
serum sodium and osmolality, increased urine sodium and
osmolality, and reduced glomerular filtration rate and re-
nal plasma flow. Bladder atony with retention of large
residual urine volumes is not unusual. Hyponatremia, if
present, is likely to compound the patient’s confusion and,
when severe, may be largely responsible for precipitating
coma. Treatment with thyroid hormone promotes water di-
uresis, with a resultant decrease in edema and total body
water and an increase in serum sodium.

Neuropsychiatric Manifestations
The patient with the full-blown syndrome of myxedema
coma manifests or complains of few neuropsychiatric signs
or symptoms other than the coma itself. There may be his-
tory of disorientation, depression, paranoia, or hallucina-
tions (“myxedema madness”). The subjects demonstrate
poor memory or frank amnesia, varying degrees of somno-
lence and lethargy that progress to coma, and cerebellar
signs, such as clumsy movements of the hands and feet,
ataxia, and adiadochokinesia. Minor seizures or frank con-
vulsions occur in about 25% of patients with myxedema
coma, but hyponatremia may be responsible for most of
these. In these usually elderly patients, decreased cardiac
output combined with arteriosclerotic cerebrovascular dis-
ease is likely to produce decreased perfusion and cerebral
hypoxia. All functional parameters improve gradually with
thyroid hormone replacement.

Hypothermia
Hypothermia is present in about three-fourths of patients,
often is dramatic (�80°F), and may be the first clinical clue
to the diagnosis. Underlying hypoglycemia may serve to
decrease body temperature further. A careful history and
physical examination in the hypothermic patient usually
serve either to confirm the diagnosis of myxedema or to
render it sufficiently unlikely to justify awaiting the results
of serum T4 and thyrotropin (TSH) determinations before
initiating treatment. The presence of any appreciable hy-
pothermia implies a poor prognosis, and the immediate
initiation of thyroid hormone therapy is mandatory. With
treatment, the hypothermia gradually improves in parallel
with increments in serum T4 and T3 levels.
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Diagnosis

The importance of making the diagnosis cannot be stressed
strongly enough because the unnecessary administration of
relatively large doses of thyroid hormone to an elderly eu-
thyroid patient clearly can be fatal. On the other hand,
when the likelihood of myxedema coma is reasonably
high, treatment should not be delayed pending laboratory
confirmation. It may be difficult to distinguish severe fa-
tigue and somnolence in a patient with uncomplicated hy-
pothyroidism from true myxedema coma. Although
overzealous treatment in such a patient is discouraged, di-
agnostic aggressiveness is mandatory to determine whether
carbon dioxide retention, hypoxia, hyponatremia, or infec-
tion is present.

Of great interest is the observation that coma frequently
occurs in hypothyroid patients while they are hospitalized
for other problems or for diagnostic studies. In these cases,
precipitating factors may include the stress of diagnostic pro-
cedures, administration of IV fluids, or, more importantly,
the all-too-common routine hospital use of sedative and
hypnotic drugs. In many patients, the clinical features can be
so overwhelming (for example, the comatose elderly woman
with a history of hypothyroidism who has coarse skin,
macroglossia, hypothermia, bradycardia, hyponatremia,
ileus, and an enlarged silhouette) that thyroid function tests
are necessary only for retrospective confirmation of the diag-
nosis. The urgency of the diagnosis should be stressed to the labo-
ratory, which often can perform a serum T4 determination
within 1 hour and a TSH determination within 3 hours. Al-
though an elevated serum TSH concentration is the most im-
portant laboratory evidence of the diagnosis, one must be
alert to the possibility that pituitary disease is causing the hy-
pothyroidism, in which case both T4 and TSH levels will be
low. Until pituitary disease is ruled out, corticosteroid ther-
apy, in addition to thyroid hormone, is required. On the
other hand, a low serum T4 and normal serum TSH would
suggest that the patient may be exhibiting the euthyroid sick
syndrome (Chapter 106) and is not hypothyroid.

Issues During the Course of Hospitalization

Infection

The possibility of occult pneumonia leading to worsening
respiratory status has been mentioned. Pneumonia and
other infections can be overlooked because of the frequent
absence of fever, diaphoresis, and tachycardia in the hy-
pothyroid patient. Respiratory tract infection may be more
common because of the risk for aspiration in a stuporous
patient, particularly one with seizures related to hypona-
tremia. Because of these considerations and the fear that
undiscovered infection can lead to vascular collapse and
death, some authors advocate the routine use of antibiotics
in patients with myxedema coma. This approach is most
defensible if limited to the delicate period during the initial

24–48 hours of management. An alternative approach is to
remain alert to the possibility of infection and institute spe-
cific antibiotic therapy only when indicated on the basis of
appropriate specimen smears and cultures.

Therapy

In view of the extremely high mortality rate in untreated pa-
tients with myxedema coma, it is essential that treatment be
instituted promptly and vigorously as soon as the diagnosis is
made. The entire treatment team should be made aware that
it is dealing with a medical emergency, and meticulous in-
terdisciplinary care in a critical care setting with modern
electronic monitoring equipment is essential.

Ventilatory Support
Hypoventilation resulting from a number of factors may
cause carbon dioxide retention and respiratory acidosis and
aggravate the comatose state. Appropriate diagnostic and
therapeutic measures must be instituted when any suspect
infiltrate is apparent on the chest radiograph, with the un-
derstanding that fever and cough may not be prominent.
Death from respiratory failure is not unusual, and hence
the maintenance of an adequate airway to prevent hypox-
emia is the single most important supportive measure. Me-
chanical ventilatory support is usually required during the
first 48 hours, particularly if the hypoventilation partly rep-
resents drug-related respiratory depression. Although the
patient may become alert by the second or third day of
therapy, complicated cases can require mechanical ventila-
tion for as long as 3 weeks. Arterial blood gases must be
monitored regularly until the patient is fully recovered. Nu-
merous reports have cited the danger of relapse with pre-
mature extubation. Hence, weaning should be approached
conservatively and should never be attempted until the pa-
tient is fully conscious.

Hyponatremia
Total body sodium is probably normal-to-increased, and
impaired water excretion is the major underlying reason for
hyponatremia. Therapy with IV fluids in general, and saline
solution in particular, must be approached cautiously be-
cause cardiac reserve is often decreased. If hypoglycemia is
present, sodium chloride should be added to any fluids
given to correct the low blood glucose, or a concentrated
glucose solution should be used. Otherwise, fluid re-
striction may be all that is necessary to correct mild
(120–130 mEq/L) hyponatremia. If severe (�120 mEq/L)
hyponatremia is present, it may be appropriate to adminis-
ter a small amount of hypertonic saline solution (50–100
mL of 3% or 5% sodium chloride) early in the course of
treatment; this can be followed by an IV bolus of 40–120
mg of furosemide to promote a water diuresis. A central ve-
nous pressure line should be used to monitor fluid therapy,
and placement of a Swan-Ganz catheter is justifiable in the
presence of significant cardiovascular decompensation.
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Hypothermia
Administration of thyroid hormone ultimately is essential
to restore body temperature to normal. Until that effect is
achieved, some physical means of keeping the patient
warm is advisable; ordinary blankets or an increase of room
temperature can be used, but great caution must be exercised
in external warming. The use of electric warming blankets
can cause vasodilation and a precipitous fall in peripheral
vascular resistance. The resultant augmentation in periph-
eral blood flow is accompanied by an increase in oxygen
consumption, which can aggravate hypotension or even
lead to vascular collapse.

Hypotension
Like hypothermia, hypotension should improve with thy-
roid hormone replacement. Because this can take several
days or longer, profound hypotension requires additional
therapy. Initially, fluids can be cautiously administered as
5%–10% glucose in half-normal sodium chloride solution
or as isotonic sodium chloride if hyponatremia is present.
Administration of hydrocortisone (100 mg IV every 8
hours) may be justified until the tendency toward hy-
potension is corrected and adrenal insufficiency is ex-
cluded. In rare patients, pressor agents may be required to
maintain a blood pressure sufficient to sustain adequate
perfusion, notwithstanding the risk for inducing ventricu-
lar tachyarrhythmias, especially in patients with underlying
ischemic heart disease. An agent such as dopamine is gen-
erally preferable to norepinephrine to maintain coronary
blood flow (Chapter 25), but in any event, an effort should
be made to taper the dose and wean the patient from any
pressor agent as soon as possible. An adverse interaction
between administered catecholamine and thyroid hor-
mone is possible, and the physician must weigh this risk
against the known high mortality in myxedema coma asso-
ciated with refractory hypotension.

Corticosteroids
The coexistence of adrenal insufficiency in patients with
myxedema coma is suggested by the presence of hypoten-
sion, hypothermia, hypoglycemia, hyponatremia, and hy-
perkalemia (Chapter 109). The ACTH response to stress may
be impaired in these patients, and, given the potential risk to
the patient undergoing the stress of acute illness versus the
relative safety of short-term steroid therapy, there should be
no reluctance to administer corticosteroids until the patient
is stable and the integrity of the pituitary–adrenal axis is de-
termined. With the institution of thyroid hormone therapy,
there is an additional theoretical basis for supplemental
corticosteroids: the accelerated metabolism of cortisol that
follows T4 replacement in hypothyroidism, which can theo-
retically precipitate adrenal crisis from relative adrenal insuf-
ficiency. Hydrocortisone is usually given in a dosage of
50–100 mg every 6–8 hours during the first 7–10 days and
is then tapered on the basis of clinical response and plans for
further diagnostic evaluation.

Thyroid Hormone Therapy
The most controversial aspect of the management of
myxedema coma is the selection of the optimal method for
restoring the low serum and tissue concentrations of thy-
roid hormone to normal. Differences of opinion largely re-
late to whether to administer T4, which is then converted to
T3 by the patient, or T3 itself. Secondary issues include
dosage and route of administration (of either compound).
Different approaches to management are based on balanc-
ing concerns for the high mortality of the untreated disease
and the obvious need for attaining effective thyroid hor-
mone levels against the risks of precipitating a fatal tach-
yarrhythmia or myocardial infarction. The optimal mode
of therapy remains uncertain because of the relative rarity
of this condition and the consequent paucity of controlled
studies.

Those who advocate T4 as the therapeutic choice point
out that it provides a steady, smooth onset of action with
less risk for adverse effects. Oral forms of T4 (and T3) can
be given by nasogastric tube (8), but this route is fraught
with risks for aspiration and uncertain absorption, partic-
ularly because gastric atony may be present. Preparations
of T4 for parenteral use are available in ampules of 100
and 500 mcg, and the latter dose has been advocated as a
single IV bolus to restore near-normal hormonal status as
rapidly as possible. After the initial loading dose, a daily
maintenance dose of 50–100 mcg is given (IV or by
mouth when the patient becomes alert). This method re-
sults in increases in serum T4 to within the normal range
within 24 hours and significant decrements in serum TSH.
Larger doses of T4 probably have no advantage and may,
in fact, be more dangerous. The major potential drawback
to the total reliance on generation of T3 from T4 is that the
rate of conversion of T4 to T3 is reduced in a variety of
systemic illnesses (low T3 syndrome (9)). Therefore, T3 gen-
eration may be reduced in myxedema coma as the conse-
quence of an associated illness. In view of this potential
problem, it seems prudent to add small supplements of T3

to the T4 during the initial few days of therapy, especially
if significant associated illness is present. Regardless of
which type of therapy is selected, all patients should have
continuous electrocardiographic monitoring so that the
dosage of thyroid hormone can be reduced if arrhythmias
or ischemic changes are detected.

In addition to the problem of failure to generate T3 from
T4 in the sick patient, advocates of T3 point to its much
quicker onset of action. T3 (Triostat) is available in 1-mL
vials containing 10 mcg/mL. Therapy with T3 alone may be
given as a 20-mcg bolus followed by 10 mcg every 4 hours
for the first 24 hours, with the dosage dropped to 10 mcg
every 6 hours for the second and third days, by which time
oral administration should be feasible. Increases in body
temperature and oxygen consumption may occur 2–3
hours after intravenous T3, compared with 8–14 hours af-
ter IV T4. This rapid onset of action may come at the cost of
a greater risk for cardiac complications. Indeed, high serum
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levels of T3 during treatment with thyroid hormone have
been associated with fatal outcomes.

For these reasons, combination therapy with both T4 and T3

is a rational approach until better data on which to base a
decision become available. Instead of a dose of 300–500
mcg of T4 given IV initially, a dose of 4 mcg per kg of lean
body weight (or about 200–300 mcg) is given, and an ad-
ditional 100 mcg is given 24 hours later. By the third day,
the dose is reduced to a daily maintenance dose of 50 mcg,
which can be given by mouth as soon as the patient is sta-
ble and conscious. This dose subsequently is adjusted on
the basis of clinical and laboratory results, as in any other
hypothyroid patient. The author would also give a bolus of
20 mcg of T3 at the same time as the initial dose of T4 and
continue IV T3 at a dosage of 10 mcg every 8 hours until the
patient is conscious, taking maintenance T4, and achieving
physiologic levels of T3. Sensitivity to thyroid hormone in
terms of cardiac risk varies, depending on age, cardiac med-
ications, and the presence of underlying hypoxemia, coro-
nary artery disease, congestive failure, and electrolyte im-
balance. No general guide to management can take all
these factors into account, and hence it is wise to consult an
endocrinologist and monitor the patient carefully for any
untoward effects of therapy before each dose of thyroid
hormone is administered.

In addition to the specific therapies outlined, general
supportive measures are indicated, as in all elderly, cachec-
tic patients. These measures include treating any underly-
ing problems with specific medications (e.g., appropriate
therapy for congestive heart failure), with the understand-
ing that the dosage of other drugs may need to be modified
based on their altered distribution and metabolism in
myxedema. Unfortunately, the prognosis for myxedema
coma remains grim even with vigorous therapy, and pa-
tients who have severe hypothermia and hypotension fare
the worst. Perhaps further elucidation of thyroid economy
in health and disease will point the way to more effective
approaches to therapy. Until then, early recognition and
treatment, with meticulous attention to the details of man-
agement during the first 48 hours, remain critical.

Discharge Issues

Patients may be ready for discharge when their cardiovas-
cular status and vital signs are stable, their serum electrolytes
have normalized, they are taking oral nutrition and medi-
cations, and ventilatory assistance has been discontinued
for 48 hours with maintenance of normal oxygen saturation
or stable and acceptable values for arterial blood gases. Dis-
charge medications (in addition to thyroid hormone) may
include appropriate antibiotics to complete a course of
treatment for any underlying infection. Corticosteroids can
be rapidly tapered if adrenal insufficiency is no longer a con-
sideration. Because adrenal insufficiency coexisting with
primary hypothyroidism is almost always a consequence of
primary adrenal disease (rather than pituitary disease), a

short stimulation test with ACTH (Cortrosyn) can be per-
formed before discharge (while the patient is maintained on
dexamethasone, a synthetic steroid that will not interfere
with the measurement of cortisol) (Chapter 109).

In regard to thyroid hormone therapy, if T3 has been ad-
ministered during the acute phase of the myxedema coma,
it can generally be discontinued in favor of levothyroxine
by the time of discharge. Once vital signs are stable, there is
no longer any urgency to increase the levothyroxine dosage
rapidly to full physiologic replacement. A discharge dosage
of as little as 50–75 mcg per day will be safe and preclude
recurrence of myxedema coma. The dosage can be titrated
to appropriate physiologic replacement on an outpatient
basis according to the results of serial measurements of
serum TSH, with the target TSH level in the range of 0.5–1.5
mU/L. Patients and their caregivers should be educated re-
garding the need to remain on lifelong thyroid hormone re-
placement, with annual follow-up once the maintenance
dose has been determined.

KEY POINTS

■ Thyroid storm, a potentially lethal complication of
hyperthyroidism, presents with classic signs of thyro-
toxicosis, accompanied by fever, diarrhea, altered mental
status, and tachycardia.

■ Myxedema coma, a potentially lethal complication of
hypothyroidism, presents with classic signs of hypothy-
roidism, along with hypothermia, hypoventilation, and
unconsciousness.

■ Both patients with thyroid storm and those with
myxedema coma should be admitted to the intensive
care unit.

■ Therapy for thyroid storm requires a four-pronged
approach and includes the following:
1. Therapy directed at the thyroid gland (use iodine only

after thioureas have been started)
2. Therapy for the systemic decompensation (fever, fluid

losses, congestive heart failure, hypotension)
3. Therapy directed at the ongoing effects of thyroid hor-

mone in circulation
4. Treatment of the precipitating illness

■ Therapy for myxedema coma should be started imme-
diately (i.e., without waiting for results of thyroid func-
tion tests) if clinical suspicion is high. Initial therapy
requires intravenous administration of relatively high
doses of T4, T3, or both, and attention to the key role of
hypoventilation.
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Adrenal Insufficiency 

and Crisis
David G. Gardner

INTRODUCTION

Adrenal insufficiency (AI), although uncommon in its
native form, has become increasingly prevalent with the
use of exogenous corticosteroids in the management of
pulmonary, rheumatologic, and allergic disorders. This has
engendered a need for increased vigilance on the part of
clinicians caring for patients with these disorders as well as
for other patients at risk. AI can be insidious in presenta-
tion and devastating in outcome if it remains untreated.
This chapter covers the diagnosis and management of AI in
the hospitalized patient.

ADRENAL PHYSIOLOGY AND
PATHOPHYSIOLOGY

The adrenal gland can be divided into functional zones. The
outermost zone, the zona glomerulosa, is responsible for the
production of mineralocorticoids (e.g., aldosterone). Aldo-
sterone promotes sodium retention and potassium excretion
in the kidney. Angiotensin II and extracellular potassium
levels govern the synthesis and release of aldosterone.

The zona fasciculata/reticularis is positioned between the
zona glomerulosa and the adrenal medulla. It is responsi-
ble for the production of glucocorticoids (i.e., cortisol) and
adrenal androgens. The zona fasciculata/reticularis is under
the trophic control of adrenocorticotropin (ACTH), which
is produced and released from corticotropes located in the
anterior pituitary gland. ACTH is responsible for producing
an adequate level of cortisol to meet tissue needs. ACTH
secretion is pulsatile in nature and under the control of
corticotropin-releasing hormone (CRH) and, to a lesser
extent, vasopressin. These peptides are produced in the
hypothalamus.

Circulating cortisol levels are regulated through a nega-
tive feedback mechanism in which the steroid controls the
synthesis and release of ACTH. Thus, as circulating cortisol
levels rise, plasma ACTH levels fall and cortisol secretion
declines. At some point, circulating cortisol levels fall be-
low the threshold for suppression of ACTH release, and
levels of the latter once again increase. Administration of
exogenous glucocorticoid leads to suppression of ACTH re-
lease and loss of the trophic drive for endogenous steroid
production. Typically, this results in both functional and
anatomic atrophy of the adrenal glands, which can take
months to recover following discontinuation of the steroid.
Prolonged impairment of endogenous glucocorticoid pro-
duction (e.g., through autoimmune destruction of the
adrenals) results in significant elevations in circulating
ACTH levels without commensurate increments in adrenal
steroid production.

Adrenal insufficiency can result from defects at a number
of points in the neuroendocrine and endocrine cascade. Bi-
lateral lesions of the adrenal glands themselves reduce
secretion of mineralocorticoids, glucocorticoids, and
adrenal androgens because the anatomic substrate for the
manufacture of these steroids is lacking. Defects that are in-
trinsic to the adrenal glands are said to result in primary AI
or Addison’s disease. Table 109.1 presents some of the known
causes of primary AI. Most cases in adults are caused by
autoimmune adrenalitis, a disorder that may or may not be
accompanied by other autoimmune endocrinopathies
(e.g., thyroiditis, diabetes mellitus, gonadal disease, hy-
poparathyroidism) and associated findings (e.g., vitiligo or
mucocutaneous candidiasis). In the past, tuberculosis was
the leading cause of primary AI, but it is now less common.
This should be considered in indigent patients, in recent im-
migrants from areas where tuberculosis remains endemic,
and in HIV-infected patients with a history of exposure to
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tuberculosis. The question of AI is frequently raised in the
setting of HIV disease. Although the incidence of cy-
tomegalovirus adrenalitis is high in the AIDS population,
the incidence of true AI is probably less than 5% (1). This
incidence likely increases with end-stage disease. When
AI occurs in this setting, it is typically associated with dis-
seminated mycobacterial disease, fungal disease, bilateral
adrenal hemorrhage (as a manifestation of antiphosphlipid
antibody syndrome), or malignancy (e.g., lymphoma or
Kaposi sarcoma). Drugs that impair steroidogenesis (e.g.,
ketoconazole) or increase the turnover of steroids (e.g., ri-
fampin) also warrant consideration.

Adrenal insufficiency may also arise through loss of the
trophic influence of ACTH on adrenal steroidogenesis.
Thus, intrinsic hypothalamic–pituitary disease or func-
tional suppression of corticotropes with exogenous steroids
may lead to what has been termed secondary AI. Table 109.1
also presents potential causes of secondary disease.

ADRENAL INSUFFICIENCY AT THE
TIME OF HOSPITALIZATION

Issues at the Time of Admission

Clinical Presentation

The presentation of AI can be subtle, which makes it diffi-
cult to diagnose, particularly when it represents a single
component of a multifactorial illness, such as sepsis, or de-
velops insidiously over a protracted period of time.

Chronic AI, such as that associated with autoimmune
adrenalitis or chronic tuberculosis, presents primarily with
constitutional symptoms. Patients complain of weakness,
fatigue, general malaise, anorexia, and weight loss. The
latter is often of sufficient magnitude to raise the possibility
of malignant disease. Patients also complain of vague ab-
dominal discomfort, nausea with or without vomiting, and
diarrhea. Hypotension, often with orthostatic signs and
symptoms, is seen frequently, particularly in patients with
primary AI. Although glucocorticoids are thought to be

important in the maintenance of hepatic glucose
production during periods of fasting, hypoglycemia in AI is
rare except in children. The most typical diagnostic finding
in chronic primary AI is skin hyperpigmentation. This is
thought to reflect increased levels of melanocyte-stimulat-
ing hormone (MSH) and perhaps ACTH itself. The pigmen-
tation is diffuse but can be accentuated in sun-exposed re-
gions. Most notably, it tends to be found in areas where
normal pigmentation is typically sparse (e.g., buccal or vagi-
nal mucosa, gums, nail beds, extensor surfaces of the elbows
and knees, and creases of the palms). Hyperpigmentation is
absent in secondary AI; skin pallor is more typical of this dis-
order. Loss of axillary and pubic hair may be seen in female
patients, reflecting loss of adrenal androgen production.

Acute AI can arise as a result of rapid destruction of
adrenal tissue (e.g., during bilateral adrenal hemorrhage)
or of acute intercurrent illness in a patient with otherwise
“compensated” chronic AI. The clinical presentation
of acute AI is more compressed than that of chronic AI.
Symptoms of cortisol deficiency may be intensified and
accompanied by symptoms referable to the underlying pre-
cipitant (e.g., flank, abdominal, or chest pain with acute
adrenal hemorrhage). Precipitous loss of adrenal function
or exhaustion of adrenal reserve in the setting of height-
ened stress can result in adrenal crisis. This is characterized
by hyperthermia, hypoglycemia, intravascular volume con-
traction, altered mental status, and cardiovascular instabil-
ity. Responsiveness to vasoconstrictors is compromised by
glucocorticoid deficiency. Pressor-resistant hypotension in
the appropriate clinical setting should raise suspicion of
underlying AI and prompt a trial of steroids. Such a trial
engenders little risk to the patient and may be life saving in
persons with adrenal compromise.

Differential Diagnosis and Initial Evaluation

The presentation of chronic AI can be confused with that of
many chronic wasting disorders, including disseminated
malignancy. Acute AI with or without adrenal crisis can be
mistaken for sepsis, intracranial disease, myocardial dys-
function, or intra-abdominal catastrophe. In each instance,
consideration of the possibility of AI often leads to the
correct diagnosis. The combination of hyponatremia and
hyperkalemia seen in primary AI also occurs in hypoaldo-
steronism secondary to diabetes mellitus, interstitial
nephritis, and administration of drugs (e.g., heparin, non-
steroidal anti-inflammatory drugs). The same electrolyte
abnormalities in AIDS patients more often represent a
combination of inappropriate secretion of antidiuretic hor-
mone (SIADH) secondary to pulmonary or central nervous
system disease and administration of high doses of
trimethoprim-sulfamethoxazole (1). The latter agent has a
triamterene-like effect in the distal nephron that leads to
impaired potassium excretion.

Laboratory studies are the mainstay of the diagnosis of
AI. Typically, these studies are designed both to document
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TABLE 109.1
CAUSES OF ADRENAL INSUFFICIENCY

Primary AI Secondary AI

Autoimmune Exogenous steroid administration
adrenalitis Pituitary adenoma

Tuberculosis Metastatic disease in
Fungal infection hypothalamus or pituitary
Malignancy Ischemic necrosis/pituitary apoplexy
Hemorrhage Infiltrative disease
Infiltrative disease Empty sella
Genetic Lymphocytic hypophysitis

AI, adrenal insufficiency.
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the presence of AI and to provide some information
regarding the location of the structural or functional lesion
(i.e., differentiate primary from secondary AI). Clues to the
presence of impaired adrenal function can sometimes be
obtained from routine laboratory studies. Eosinophilia or
increased numbers of lymphocytes in peripheral blood
counts suggest a relative deficiency of circulating glucocor-
ticoids. Increased blood urea nitrogen may be seen as a
consequence of volume contraction in primary AI. Hy-
ponatremia can be seen with either primary or secondary
AI and appears to reflect increased antidiuretic hormone
secretion. Hyperkalemia, reflecting mineralocorticoid defi-
ciency, is suggestive of primary AI.

Random cortisol levels are not particularly helpful in
identifying patients with AI unless they consistently fall be-
low 3 mcg/dL (5 mcg/dL in the setting of acute illness) (2).
Urinary free cortisol levels are similarly of little use in es-
tablishing the diagnosis because they reflect only a small
percentage of the total adrenal secretory product during a
given 24-hour period.

When AI is suspected, the first step should be to carry
out a rapid ACTH (Cortrosyn) stimulation test (see Figure
109.1). A basal blood sample is drawn to assess pre-ACTH
cortisol levels. Then 250 mcg of synthetic ACTH is admin-
istered intramuscularly or intravenously, and additional
blood samples are collected 30–60 minutes later. A normal

response requires an increase in cortisol levels to above 18
mcg/dL following ACTH administration. The older criteria
requiring an increment of more than 7 mcg/dL have largely
been abandoned because of the lack of specificity in iden-
tifying patients with structural lesions causing true AI.

In general, patients with plasma cortisol levels above 20
mcg/dL at any point during the test can be regarded as hav-
ing a functionally adequate hypothalamo–pituitary–adrenal
axis. An exception to this rule may exist in patients with es-
tablished septic shock. In one recent study (3), 300 medical
and surgical patients were treated with a combination of 200
mg of hydrocortisone and 50 mcg of fludrocortisone daily
for 7 days. Those patients who demonstrated a synthetic
ACTH-dependent increment in plasma cortisol of less than
9 mcg/dL from baseline to peak level and were treated with
the hydrocortisone/fludrocortisone combination showed
both decreased mortality (53% vs 63% in the placebo-
treated group) and a reduction in the duration of vasopres-
sor therapy. Those with increments greater than 9 mcg/dL
showed no benefit from steroid therapy. While this area
remains controversial, the threshold for providing supp-
lemental steroid therapy in patients with septic shock and
diminished response to ACTH should probably be low,
particularly if suspicion of functional adrenal insufficiency is
high (e.g., hypotension poorly responsive to fluids and
conventional vasopressors).
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Figure 109.1 Algorithm for the evaluation of adrenal insufficiency. AI, adrenal insufficiency; ITT,
insulin tolerance test. (Modified from Felig P, Baxter JD, Frohman LA, eds. Endocrinology and
Metabolism. 3rd ed. New York: McGraw-Hill, 1995:555–712, with permission.)
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The characteristics of abnormal responses to the ACTH
test vary, depending on the nature and duration of the AI.
Long-standing primary AI is typically associated with low-
normal or frankly suppressed basal cortisol levels that do
not increase or increase only modestly following ACTH
administration (4). Patients with secondary AI may have
normal basal levels, but the increment following ACTH
administration is truncated, and the requisite cutoff of 18
mcg/dL is not reached. This truncated response reflects the
functional adrenal atrophy that develops with long-term
ACTH deficiency. Acute or subacute loss of ACTH secretion
can be associated with a completely “normal” rapid ACTH
test result despite the presence of profound secondary AI.
In this instance, the duration of ACTH deficiency has not
been adequate to effect the degree of adrenal atrophy
required for the abnormal response.

Measurement of plasma ACTH levels is often helpful
in differentiating primary from secondary AI. These
levels are typically elevated in the former and either
normal or frankly depressed in the latter. When findings
are equivocal, a more extensive evaluation of the hy-
pothalamic–pituitary–adrenal axis may be warranted later
in the hospitalization or after discharge (Figure 109.1
and below).

Performance of the rapid ACTH test adds only 30 min-
utes to the initial evaluation, and if possible, it should be
completed before cortisol replacement is administered. If
the presentation suggests adrenal crisis, dexamethasone
(2–4 mg) can be substituted for cortisol replacement. Dex-
amethasone does not interfere in conventional cortisol as-
says and thus will not impair interpretation of the ACTH
test in the acute setting. Measurement of serum aldosterone
levels before and after ACTH administration may provide
additional information to aid in the evaluation. A normal
aldosterone response (peak �5 ng/mL) is preserved in sec-
ondary but not in primary AI.

The utility of the rapid ACTH (250 mcg) test in exclud-
ing AI, particularly in the setting of acute illness, has
sparked an ongoing debate. Data has been put forward sug-
gesting limited adrenal secretory reserve and/or resistance
to endogenous glucocorticoids in this setting (perhaps re-
lated to excessive cytokine production), neither of which is
addressed by the conventional ACTH test. More refined
testing (e.g., with the more physiological 1 mcg ACTH test)
may help resolve this issue in the future. In the meantime,
clinical judgment should play a role in guiding the decision
to provide or withhold glucocorticoid coverage. If clinical
suspicion is high, yet the patient shows a normal ACTH
(250 mcg) test, short-term treatment with steroids is justi-
fied until the patient stabilizes and more definitive testing
can be carried out (5).

Therapy

Appropriate therapy of AI is dictated largely by the antici-
pated glucocorticoid requirements of the patient in a given

clinical setting. Thus, management of chronic AI differs
considerably from that of acute AI.

Once a diagnosis of chronic AI has been established, the
patient should be started on a replacement dose of gluco-
corticoid. Typically, 20 mg of cortisol in the morning and
10 mg in the evening provides sufficient replacement for
the average patient, but this may need to be titrated to min-
imize overtreatment or undertreatment. Weight gain is
frequently one of the first signs of cryptic glucocorticoid
excess in this setting. Other glucocorticoids, such as pred-
nisone, can be substituted in bioequivalent doses.

In patients who display clinically significant mineralocor-
ticoid deficiency, 9�-fluorocortisol (Fluorinef) at a dosage of
0.05–0.2 mg daily can be used to control hyperkalemia, or-
thostatic hypotension, or other symptoms of intravascular
volume depletion. Excessive mineralocorticoid levels can
result in hypertension and hypokalemia, so the dose
should be adjusted empirically. When high doses of corti-
sol are administered in the acute setting, supplemental
mineralocorticoid is usually not required, even in primary
AI, because of the intrinsic mineralocorticoid properties of
the glucocorticoid.

As noted earlier, acute AI and adrenal crisis represent
medical emergencies requiring immediate attention. A
rapid ACTH test should be carried out and cortisol given
intravenously as soon as the diagnosis is suspected. The
dosage should be 100 mg every 8 hours. This is probably
in excess of the endogenous glucocorticoid response to
stress but guarantees adequate coverage in the acute set-
ting. If the ACTH test fails to confirm the diagnosis and
clinical suspicion is low, steroids can be withdrawn. If sus-
picion remains high despite a normal ACTH test result or
if the diagnosis is confirmed, stress-dose steroids should
be continued as long as the patient remains unstable. If
the clinical situation improves, the hydrocortisone dose
can be reduced by half on the second hospital day and
then gradually tapered to replacement doses during the
next 3–4 days. Dose reduction should be carried out only
after careful examination of the patient indicates that the
crisis is resolving. Attention should also be directed to-
ward early correction of the sequelae of acute AI. This
includes restoring intravascular volume, correcting anemia
secondary to adrenal hemorrhage, and correcting hyper-
kalemia and hypoglycemia if present. Adrenal crisis in a
patient with otherwise stable chronic AI and good medi-
cation compliance usually arises in the setting of acute
physiologic stress. The source of this stress (e.g., sepsis,
myocardial ischemia, pulmonary embolus, cerebrovascu-
lar accident) should be investigated, but this should not
delay the initiation of steroid therapy.

Issues During the Course of Hospitalization

When the results of the rapid ACTH test are equivocal or
“normal” but the suspicion of secondary AI remains high,
additional testing may be warranted (Figure 109.1).
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The low-dose (1–5 mcg) ACTH stimulation test is often
useful in identifying subtle deficiencies in adrenal secretory
reserve that are not apparent with the standard test (6). The
metyrapone test and insulin tolerance test, which examine
the entire hypothalamic–pituitary–adrenal axis, are useful
in evaluating situations in which borderline or equivocal
responses to ACTH stimulation have been identified (7).
Nevertheless, they are fraught with potential hazards, such
as precipitation of AI or myocardial ischemia, and deaths
have been recorded. They are best carried out in consulta-
tion with an endocrinologist.

Once the diagnosis of AI has been established and the
probable locus of the defect identified, imaging studies may
be indicated to provide additional diagnostic information
and assist with management. Both computed tomography
(CT) and magnetic resonance imaging (MRI) have been
used effectively to study the adrenal glands. The choice of
one over the other hinges on the availability of radiologic
consultants experienced in evaluating adrenal lesions, the
type of lesion suspected, and the expense. Typically, one
looks for evidence of (a) adrenal atrophy suggestive of au-
toimmune adrenalitis or chronic granulomatous disease,
(b) adrenal enlargement compatible with metastatic disease,
active granulomatous inflammation, hemorrhage, or rarely
congenital adrenal hyperplasia, and (c) parenchymal calcifi-
cations suggestive of chronic granulomatous disease or old
hemorrhage. When secondary AI is suspected in a patient
who has not received exogenous steroids, MRI of the sella
contents and hypothalamus is indicated, particularly if
there is evidence of other pituitary hormone deficiency.

Approach to the Incidental Adrenal Mass

Autopsy studies suggest that the frequency of adrenal ade-
nomas approaches 6% in unselected adult populations.
Most of these are clinically silent. Increased use of high res-
olution imaging studies such as CT and MRI have resulted
in more frequent detection of adrenal masses during inves-
tigation for unrelated intra-abdominal pathology (8, 9).
The overwhelming majority of these so-called “adrenal
incidentalomas” are nonfunctional cortical adenomas. The
remainder are aldosteronomas, pheochromocytomas, 
cortisol-secreting adrenal adenomas, adrenocortical carci-
noma, or metastases originating from malignancies outside
the adrenal.

Typically the goals in approaching the incidental
adrenal mass are to mitigate morbidity attendant to hor-
mone overproduction by the lesion if it exists and to iden-
tify malignancies sufficiently early in their development to
allow interventions that will prolong survival. Workup for
these lesions should include: (1) measurement of urinary
metanephrines and fractionated catecholamines to exclude
pheochromocytoma, (2) performance of a 1 mg overnight
dexamethasone suppression test to exclude Cushing syn-
drome, and (3) measurement of serum K� and plasma
aldosterone concentrations, and plasma renin activity (for

calculation of Aldo:PRA ratio) if the patient is hypertensive.
Functional adenomas, lesions that are more than 4 cm in
diameter, lesions that are less than 4 cm in diameter but
that increase more than 1 cm over a 12-month period, or
lesions that have malignant characteristics on CT or MRI
should be removed through a laparoscopic approach (9).
Fine needle aspiration (FNA) is not indicated for most primary
adrenal lesions and, in fact, is contraindicated if a pheochro-
mocytoma or adrenal cortical carcinoma is suspected. FNA
may have limited utility in diagnosis of a suspected metas-
tases or adrenal involvement with tuberculosis or other in-
fections. Each of these typically presents with manifesta-
tions outside the adrenal glands.

Discharge Issues

Patients with chronic AI should be instructed to increase
their glucocorticoid dose in the setting of physiologic
stress. With mild-to-moderate stress (e.g., viral syndrome
or minor trauma), doubling the glucocorticoid dose for
several days followed by a return to the basal dose as the
stress resolves is often sufficient to provide the requisite
increase in coverage. With more serious illness, patients
should receive 100 mg of intravenous cortisol every 6–8
hours. This typically takes place in a hospital setting. For
potentially serious stress outside the hospital, the patient
should be instructed to take 100 mg of cortisol and come
to the emergency department for further evaluation. Pa-
tients who do not live in close proximity to medical aid
should be provided with parenteral steroid preparations
for use in emergency situations. MedicAlert bracelets
should be obtained for all patients with known or sus-
pected AI. These bracelets should include information re-
garding the diagnosis, the patient’s medications, and the
physician to contact in case of an emergency.

ASSESSMENT AND MANAGEMENT 
OF THE PATIENT PRESENTING WITH
ADRENAL INSUFFICIENCY DURING A
HOSPITALIZATION

This scenario is best subdivided into anticipated and unan-
ticipated AI. The former would include patients admitted
for deliberate reduction in exogenous steroid dosage, bilat-
eral adrenalectomy, or transsphenoidal resection of an
ACTH-producing pituitary tumor. In each instance, AI is
anticipated, and appropriate steroid coverage is provided.
The appearance of unanticipated AI several days into a
hospitalization should raise the possibilities of exogenous
steroid administration before admission, administration of
drugs such as rifampin or ketoconazole (which unmask
limited adrenal secretory reserve), or bilateral adrenal
hemorrhage secondary to ongoing sepsis, thrombotic dis-
orders, or anticoagulant administration. As explained
above, patients should receive immediate steroid coverage
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and undergo a rapid ACTH stimulation test followed by
more definitive characterization of the functional and
anatomic location of the defect.

Management of the patient with AI in the perioperative
period warrants special consideration. Relatively minor
surgery in the outpatient setting may not require more
than the usual replacement coverage. Procedures likely to
cause an intermediate level of physiologic stress (e.g.,
limb revascularization) should prompt the prescription of
additional steroid coverage. One hundred milligrams of
intramuscular cortisol, or its equivalent, on call to the
operating room, and 50 mg every 8 hours for the ensuing
24 hours, should provide adequate perioperative cover-
age. The intramuscular dose provides a depot of steroid to
cover the possibility of missed or delayed steroid doses in
the immediate postoperative period. If the patient is sta-
ble, the parenteral dose can be reduced by half on the sec-
ond or third postoperative day. The oral daily replacement
dose can then be reestablished when the patient is able to
resume oral intake. For patients undergoing major surgi-
cal procedures that are likely to lead to near-maximal
physiologic stress, 100 mg of intramuscular cortisol
should be given on call to the operating room, and 100
mg should be given intravenously every 8 hours, or 75 mg
every 6 hours, through the day of surgery. The dose of cor-
tisol can be reduced in stepwise fashion beginning on the
second or third postoperative day while the physician
watches for possible early signs of AI. It can then typically
be tapered to replacement levels by the seventh postoper-
ative day, provided postoperative complications do not
develop.

KEY POINTS

■ Adrenal insufficiency in either the chronic or acute form
may present in such a nonspecific manner that the diag-
nosis is overlooked initially.

■ Recognition of the appropriate clinical setting and com-
patible clinical manifestations are the most important
factors leading to a successful diagnosis.

■ In the acute setting, administration of exogenous gluco-
corticoid should be initiated after completion of a rapid
ACTH stimulation test.

■ If therapy cannot be delayed, the ACTH stimulation test
can be carried out while the patient is treated with
dexamethasone.

■ Patients with chronic adrenal insufficiency require
additional steroid coverage during periods of moderate-
to-severe physiologic stress.

■ Early diagnosis of adrenal insufficiency and careful
attention to the details of patient management are the
keys to long-term survival in this disorder.
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INTRODUCTION

The rheumatic diseases constitute a heterogeneous group of
illnesses with correspondingly heterogeneous clinical signs
and symptoms. At one end of the spectrum are diseases
manifested exclusively by musculoskeletal signs and symp-
toms (e.g., joint or muscle pain), the presence of which im-
mediately suggests a rheumatologic problem. At the other
end of the spectrum are the systemic rheumatic diseases,
which can present with virtually any sign or symptom (e.g.,
fever, chest pain, rash, confusion, deafness, and countless
others). Because many of these signs and symptoms do not
immediately suggest a rheumatologic problem, the suc-

cessful identification of the systemic rheumatic diseases re-
quires a thorough differential diagnosis and a systematic
approach to the clinical workup.

This chapter provides guidelines applicable to the broad
spectrum of rheumatology. It begins with a strategy for ap-
proaching patients with the most common musculoskele-
tal signs and symptoms. It then proceeds to a discussion of
the approach to patients with systemic rheumatic diseases
and the significance of specialized laboratory tests in their
evaluation.

JOINT PAIN

When Joint Pain Presents at the Time of
Admission

Description and Differential Diagnosis

It is common for patients to complain of joint pain when
in fact the pain is arising from elsewhere. Therefore, the
first challenge in evaluating a patient with joint pain is to
determine whether the pain truly originates from within a
joint (arthralgia, arthritis) or whether the source is actually
within the periarticular structures (e.g., bursitis, tendinitis),
underlying bone (e.g., fracture, osteomyelitis, tumor), or

110

26410 ch 110  3/11/05  5:11 PM  Page 1111



overlying skin (e.g., cellulitis). For example, virtually all pa-
tients with greater trochanteric bursitis report the problem
as hip pain, even though the hip joint is anatomically dis-
tinct from the site of the pain and may well be normal. This
distinction can only be made with a careful physical exam-
ination of the joints, including inspection, palpation, and
assessment of the range of motion. Inspection and palpa-
tion may demonstrate swelling and synovial thickening
and thereby confirm the presence of arthritis. (This will be
further discussed under “Joint Swelling.”)

Evaluation

Although physical examination is the most important step
in determining the source of joint pain, radiographic stud-
ies may be required to establish the precise nature of the
problem. As a general rule, if physical examination does
not establish the cause of the pain, radiography is war-
ranted. This may show fracture, infection, or tumor in
bone, hypertrophic pulmonary osteoarthropathy in the pe-
riosteum, calcification in a periarticular tendon, or some
other definitive finding that identifies the source outside
the joint. When evaluating nontraumatic, acute joint pain
(less than 2–3 weeks’ duration), bear in mind that the pro-
cess may not have persisted for sufficient time to develop
abnormalities detectable by plain radiography. Alterna-
tively, for many of the chronic rheumatic diseases, the
roentgenogram may reveal a characteristic pattern of bony
erosions within the joint that suggests the correct diagnosis.
For example, rheumatoid arthritis (RA), the seronegative
arthritides (reactive arthritis, psoriatic arthritis, ankylosing
spondylitis), and gout each can cause distinctive erosive
damage.

Management

The management of joint pain is determined by the precise
diagnosis. Immobilization may be appropriate in some in-
stances (e.g., intra-articular hemorrhage), whereas physical
therapy and range-of-motion exercises may be appropriate
in others (e.g., frozen shoulder). Ice may be appropriate for
acute injuries, but heat may be more effective for chronic
joint pain. Anti-inflammatory medications may work well
in gout but are no substitute for systemic antibiotics in
treating a septic joint. The only generalization is that there
is rarely any harm in providing analgesia, in whatever form is
effective, to make the patient more comfortable while more
definitive measures aimed at treating the cause of pain are
instituted.

When Joint Pain Appears During
Hospitalization

Almost by definition, joint pain that appears during hospi-
talization represents an acute problem and therefore
should be approached according to the guidelines de-

scribed in Chapter 113. It is worth emphasizing here, how-
ever, that certain joint problems are more likely to occur
during hospitalization than at other times. Both gout and
pseudogout commonly develop in hospitalized patients,
particularly in the postoperative setting. In this case, the
joint pain is accompanied by dramatic signs of inflamma-
tion, including warmth, redness, and swelling. Fluxes in
uric acid levels associated with changes in diet (including
being without oral intake prior to a procedure) can con-
tribute to this predisposition. Gout during hospitalization
is particularly common in alcoholics, who may enter the
hospital with lactic acidosis or ketoacidosis, both of which
interfere with uric acid excretion. Fluxes in uric acid con-
centration that occur as these metabolic disturbances are
corrected can contribute to an acute attack of gout. Joint
problems that stem from prolonged immobilization,
sometimes in awkward positions, during procedures or
surgery are also more likely to develop in hospitalized pa-
tients. Accordingly, mechanical back pain, bursitis, or nerve
and tendon compressions are seen commonly in hospital-
ized patients.

JOINT SWELLING

When Joint Swelling Presents at the Time of
Admission

Description and Differential Diagnosis

The detection of joint swelling during physical examina-
tion localizes the pathology within the joint and should
trigger a straightforward, almost invariably informative ap-
proach to differential diagnosis. This approach is based on
the answers to three simple questions:

1. Is the problem acute or chronic? This question is answered
by the history.

2. How many joints are involved? This question is best an-
swered by a complete musculoskeletal examination. Just
as the careful clinician reads the entire chest radiograph
before focusing on the lobar infiltrate, the clinician eval-
uating arthritis must consider even asymptomatic joints.
Reliance on the history can sometimes be misleading,
especially when the intensity of pain in a single joint
distracts the patient from more subtle symptoms in
other joints.

3. Are there hints of systemic involvement? Unintended
weight loss, pronounced fatigue, subjective fevers, or
new skin rashes hint at a systemic process, cuing
the clinician to consider an evaluation for systemic
infections, neoplasms, or a systemic connective tissue
disease.

The appeal of this approach to differential diagnosis is the
ease with which the data can be gathered—a history of the
present illness and a musculoskeletal exam are sufficient to
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craft an excellent differential diagnosis. Further refinement
of the differential can be made if the clinician has access to
the results of a diagnostic arthrocentesis. Synovial analysis
will suggest whether the process is inflammatory or nonin-
flammatory. A detailed description of synovial fluid evalu-
ation is provided in Chapter 113. For the purposes of this
approach to differential diagnosis, it is sufficient to rely on
the number of white blood cells in the joint fluid to deter-
mine whether the fluid is inflammatory (�2,500/�L) or

noninflammatory (�2,500/�L). The differential diagnosis
is further refined by a complete physical exam with careful
attention to physical signs of systemic illness. Like all
strategies that are designed primarily to detect common
problems, this approach requires vigilance to recognize
when the common diagnoses seem not to fit and unusual
explanations must be sought. It is summarized below and
in Tables 110.1 and 110.2.

Common Causes of Acute Monarticular Arthritis
If the joint fluid is noninflammatory, the most likely diag-
noses are trauma, nontraumatic hemorrhage (e.g., as a re-
sult of hemophilia, thrombocytopenia, or some other co-
agulopathy), or sickle cell anemia (Table 110.1). These are
easily distinguished by history or, when necessary, by
blood tests. If the joint fluid is inflammatory, the most
likely diagnoses are a bacterial joint infection (septic
arthritis) or crystal-induced arthritis. Either process can
cause high fevers and similar findings on physical exam:
gout may mimic cellulitis, while septic joints in gouty pa-
tients have frequently been ascribed to “just another gouty
flare.” Both can trigger extremely high synovial and pe-
ripheral blood cell counts. Thus arthrocentesis with Gram
stain, synovial bacterial culture, and microscopic crystal
analysis are crucial components in the evaluation of this
patient population. Sickle cell anemia is an occasional
confounder because the joint fluid may be inflammatory
or noninflammatory, the pattern of joint involvement
may be monarticular or polyarticular, and the presenta-
tion may be acute or chronic. However, a known history
of sickle cell anemia (Chapter 97) almost invariably ac-
companies these presentations, so the diagnosis is rarely
difficult.

Chapter 110: Signs, Symptoms, and Laboratory Abnormalities in Rheumatology 1113

TABLE 110.1
COMMON CAUSES OF MONARTICULAR
ARTHRITIS

Acute

Noninflammatory Inflammatory

Trauma Infection (e.g., bacterial,
Hemarthrosis Mycobacterial, fungal, viral)
Sickle cell anemia Gout (monosodium urate crystals)

Pseudogout (calcium
pyrophosphate dihydrate)

Trauma
Sickle cell anemia

Chronic

Noninflammatory Inflammatory

Osteoarthritis Infection (e.g., Mycobacterial,
Neuropathic joint Borrelia burgdorferi, 
Hemarthrosis Coccidioides immitis)
Sickle cell anemia

TABLE 110.2
COMMON CAUSES OF POLYARTICULAR ARTHRITIS

Acute

Infection
Hepatitis B, Parvovirus B19
Neisseria gonorrhea
Subacute bacterial endocarditisa

Acute rheumatic fevera

Crystal-induced arthritis (e.g., monosodium urate)
Acute onset rheumatic condition (RA, SLE)
Sickle cell crisisa

Chronic

Noninflammatory Inflammatory

Osteoarthritis Infections (Borrelia burgdorferi, hepatitis C, Parvovirus B19)
Rheumatic condition (RA, SLE, seronegative arthritis)
Paraneoplastic syndrome

a These diseases may be characterized by inflammatory or noninflammatory joint fluid.
RA, rheumatoid arthritis; SLE, systemic lupus erythematosus.
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Common Causes of Chronic Monarticular Arthritis
If the joint fluid is noninflammatory, the diagnosis is likely
to be osteoarthritis, neuropathic arthropathy (Charcot
joint), trauma, hemophilia, or sickle cell anemia (Table
110.1). Roentgenograms and, if necessary, appropriate lab-
oratory tests generally make distinguishing among these
possibilities quite straightforward. If the joint fluid is in-
flammatory, the index of suspicion for infection, particularly
pathogens such as Mycobacterium, endemic fungi, or Bor-
relia borgderferi should be high. In these cases, signs and
symptoms of systemic disease—e.g., weight loss, sweats, or
fatigue—will be particularly important to elicit.

Common Causes of Acute Polyarticular Arthritis
Acute polyarthritis is usually caused by infection, poly-
articular gout, or sickle cell crisis. Infections to consider
include diseases of viral origin (e.g., rubella, hepatitis B,
parvovirus, or HIV infection), gonococcemia, bacterial en-
docarditis, and acute rheumatic fever (Table 110.2). De-
tection of new or changing cardiac murmurs or observa-
tion of pustular skin lesions would significantly move the
differential diagnosis toward endocarditis or disseminated
gonococcal infections, respectively. Polyarticular gout can
be diagnosed definitively by detection of crystals in the
joint fluid and should be strongly considered only in the
patient with prior bouts of gout. Though uncommon, pa-
tients who are ultimately diagnosed with a connective tis-
sue disease may present with acute onset of symptoms. A
small fraction of patients with rheumatoid arthritis, for
example, can recall the very day they awoke with multiple
swollen joints.

Common Causes of Chronic Polyarticular Arthritis
The patient with chronic polyarticular arthritis and nonin-
flammatory joint fluid is quite likely to have osteoarthritis
(Table 110.2). This impression can generally be confirmed
by roentgenograms. The chronic inflammatory polyarthri-
tides are most likely to be caused by the classic rheumatic
conditions (e.g., rheumatoid arthritis; seronegative arthri-
tis; connective tissue diseases). The differential, however,
still includes chronic infections with viruses such as hepati-
tis C and bacteria such as Borrelia burgdorferi. Paraneoplas-
tic syndromes such as hypertrophic osteoarthropathy can
cause arthritis even when the cancerous process is occult.
Sometimes, associated signs and symptoms provide critical
clues to one of the chronic inflammatory arthritides from
the outset. For example, the presence of urethritis and con-
junctivitis may suggest Reiter disease; psoriatic plaques
may be the key to diagnosing psoriatic arthritis; chronic
bloody, loose stools point to inflammatory bowel disease.
RA and systemic lupus erythematosus (SLE), on the other
hand, rarely can be diagnosed with certainty on the first
visit. When these diagnoses are suspected, specialized sero-
logic tests are often required to establish the diagnosis. The
use of these tests is described under “Laboratory Abnor-
malities.”

Evaluation

The simple approach to differential diagnosis described
above should not be a substitute for a thorough history and
physical examination, either of which may provide critical
clues to the correct diagnosis. Particularly helpful aspects of
the history are the following:

Age and Gender
Most common causes of arthritis can affect persons of
either sex at any age. However, age and gender strongly
influence the likelihood of many diagnoses and can help
prioritize the differential diagnosis and workup. For exam-
ple, acute rheumatic fever is seen almost exclusively in
children, gonococcal arthritis most commonly in young
adults, and osteoarthritis most frequently in the elderly.
Most patients with RA, SLE, or scleroderma are women,
whereas most with ankylosing spondylitis or gout are men.

Duration of Symptoms
The duration of symptoms provides a highly important
clue to the diagnosis and is the basis for one of the three key
questions described in the previous section.

Past Medical History/History of Present Illness
The setting in which arthritis occurs often shapes the dif-
ferential diagnosis. A history of trauma, intravenous drug
use, or exposure to hepatitis, for example, could each be the
key to a correct diagnosis. Similarly, the onset of joint pain
in a patient with a known systemic illness (e.g., sickle cell
anemia, SLE, inflammatory bowel disease) carries a differ-
ent implication than the onset of joint pain in someone
who was previously healthy.

Review of Systems
Because joint pain is often one manifestation of a systemic
infection or connective tissue disease, a careful review of
systems is important in all patients. Has the patient had
fever, iritis, pleurisy, diarrhea, or urethritis? Each of these
associated symptoms influences the differential diagnosis.

Just as the details of the history shape our perception of
a patient with arthritis, so, too, do all the elements of the
physical examination. It is not at all uncommon for the
physical examination to alter the approach to a patient
with unexplained joint pain or swelling. Particularly crucial
elements of the examination are the following:

Vital Signs. Temperature is especially important to docu-
ment. Low-grade fever may occur in almost any inflamma-
tory arthritis (e.g., gout, RA), but high-grade fever strongly
suggests infection (Chapter 62).

Skin. Many diseases that involve joint pain are associated
with characteristic rashes. Valuable findings include
urticaria in patients with hepatitis B prodrome, a photo-
sensitive malar rash in those with SLE, gonococcal pustules,
psoriatic plaques, rheumatoid nodules, and gouty tophi.
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Eyes. Ocular manifestations of rheumatic diseases are
common. These include conjunctivitis in reactive arthritis
or gonococcal disease, uveitis in ankylosing spondylitis,
and scleritis in RA.

Oropharnyx. Presence of palatal or buccal ulcers could
suggest SLE, a seronegative arthritis, or Behçet disease.

Cardiopulmonary Examination. Several cardiopul-
monary abnormalities may be informative. For example,
bacterial endocarditis (Chapter 71) presents with joint pain
in about 15% of cases. Therefore, detection of a murmur in
a patient with joint pain can be a critical finding. Similarly,
the discovery of a pleural or pericardial rub in a patient
with joint pain may point toward RA or SLE.

Genitourinary Examination. Evidence of venereal infec-
tion (gonorrhea) or nonspecific urethritis (reactive arthri-
tis) will likely influence the differential diagnosis.

Joint Examination. The most important aspect of the
physical examination of a patient with joint pain is a thor-
ough examination of all joints. Often, patients focus on a
single “worst” joint only to have it discovered that other
joints are also involved, albeit to a lesser extent. The dis-
covery of polyarthritis can completely change the differen-
tial diagnosis. Even among patients with polyarthritis, the
detection of characteristic patterns of involvement can be
helpful. For example, symmetric involvement of the small
joints of the hands and feet is typical of RA (or perhaps vi-
ral arthritis). On the other hand, asymmetric involvement
of large joints would be more typical of one of the seroneg-
ative arthritides, such as reactive arthritis, psoriatic arthritis,
or ankylosing spondylitis.

Management

Like the management of joint pain (arthralgia), the man-
agement of joint swelling (arthritis) is determined entirely
by the cause of the problem. Drainage is sometimes essen-
tial, as in patients with septic arthritis; often, it is unimpor-
tant. Sometimes local corticosteroid injection is helpful,
but not if multiple small joints are involved or infection is
suspected. The inability to generalize about the manage-
ment of joint swelling underscores the importance of the
systematic pursuit of a definitive diagnosis.

When Joint Swelling Appears During
Hospitalization

The development of joint swelling during hospitalization
should be evaluated, just as one would evaluate acute joint
swelling in any other setting (Chapter 113). However, as
described earlier in the section on joint pain, certain possi-
bilities should come to mind first when the patient is hos-
pitalized. Crystal-induced arthritis is one of these, but not

the only one. The onset of joint swelling in an immuno-
suppressed patient or in a patient hospitalized for an infec-
tion or valvular heart disease mandates a careful search for
an infectious etiology. New polyarthritis in a hospitalized
patient may be caused by serum sickness related to a new
medication.

NEW SIGNS AND SYMPTOMS IN A
PATIENT WITH UNDERLYING
RHEUMATIC DISEASE

Description and Differential Diagnosis

Patients with an established diagnosis of a systemic
rheumatic disease (e.g., RA, SLE, Wegener’s granulomato-
sis) constitute a particularly challenging problem because
they can present to the hospital with a myriad of signs or
symptoms (Chapters 111 and 112). A patient with RA may
present with shortness of breath related to a pleural effu-
sion. A patient with SLE may present following a seizure. A
patient with vasculitis may present with angina. Therefore,
it is particularly important in these patients to consider vir-
tually any new problem as a possible manifestation of the
underlying disease. The differential diagnosis must not stop
there, however, because patients with rheumatic diseases
are susceptible to an array of other problems. Many patients
with systemic rheumatic diseases are taking immunosup-
pressive medications, which raises the risk for infection. The
dramatic success and thus widespread use of anti-tumor
necrosis factor (anti-TNF) therapies for multiple rheumatic
conditions, for example, has been accompanied by an in-
creased risk for disseminated mycobacterial infections (1).
Even in the absence of immunosuppressive drugs, certain
infections are more likely to occur in people with rheumatic
diseases. The patient with RA-induced eroded bony surfaces
or joint prostheses may develop a septic joint even from
transient bacteremia. Therefore, a new flare of arthritis in
one joint, out of proportion to symptoms in other joints,
should raise the possibility of septic arthritis and should not
be casually attributed to a flare of RA. Similarly, patients
with SLE are at high risk for the development of os-
teonecrosis of bone, either as a manifestation of the under-
lying disease or as a complication of corticosteroid therapy.
Finally, people with systemic rheumatic diseases are often
on complex medication regimens that frequently change.
Therefore, it is important to immediately consider adverse
drug reactions or even medication errors (see Chapter 21)
whenever a new problem occurs.

Evaluation

The cardinal rule in evaluating any new complaint in a
patient with an underlying systemic rheumatic disease is
thoroughness. Whatever the problem, it may be a manifes-
tation of the disease itself, a superimposed problem to
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which the patient is predisposed, a medication complica-
tion, or a new and unrelated medical problem. A broad dif-
ferential diagnosis and a correspondingly thorough evalua-
tion are essential.

Management

The management of a new problem in a patient with an
underlying systemic rheumatic disease depends entirely on
the results of the diagnostic evaluation.

LABORATORY ABNORMALITIES

Erythrocyte Sedimentation Rate

When an Elevated Erythrocyte Sedimentation
Rate Is Present at the Time of Admission

Description and Differential Diagnosis
Measurement of the erythrocyte sedimentation rate (ESR)
is a technically simple test in which blood, mixed with the
anticoagulant sodium citrate, is added to a 200-mm glass
tube and left to “sediment” for one hour at room temper-
ature (2). The quantitative result is the distance between
the top of the tube and the meniscus of aggregated red
blood cells. Acute-phase reactants such as haptoglobin,
immunoglobulins, and, most importantly, fibrinogen
cross-link red blood cells into large, rapidly falling aggre-
gates that accelerate the ESR (3). Other factors that can
increase the ESR include the presence of paraproteins,
anemia, or the use of oral contraceptives. Androgens seem
to lower the ESR; consequently, the normal range for men
(�15 mm/h) is somewhat lower than the normal range
for women (�28 mm/h). Importantly, the normal range
increases slightly with increasing age in both men and
women.

Several studies have examined the diagnoses associated
with a markedly elevated ESR (�100 mm/h) (4). Infectious
diseases are the most common cause, accounting for 35%
(in academic tertiary centers) to 62% (in rural community
hospitals) of all patients with the abnormality. Any infec-
tious agent, but especially bacterial pathogens, can be asso-
ciated with an accelerated ESR. The inflammatory
rheumatic diseases, such as RA, SLE, and vasculitis, com-
prise the second most common diagnostic group in
patients with an elevated ESR. Of particular note is the
important role the ESR plays in diagnosing and monitoring
polymyalgia rheumatica and giant cell arteritis. The ESR is
greater than 50 mm/h in the vast majority of cases of
polymyalgia rheumatica or giant cell arteritis, but recent
studies have demonstrated that even these conditions can
(infrequently) occur in patients with an ESR less than 20
mm/h (Chapter 111). Neoplasms were found to be
causative in 10%–15% of patients with a markedly elevated

ESR. Because immunoglobulins can increase red blood cell
aggregation, one must consider lymphoproliferative malig-
nancies such as multiple myeloma, macroglobulinemia,
and lymphoma. Finally, advanced renal disease (particu-
larly end-stage renal disease) is typically associated with a
markedly elevated ESR.

Evaluation
Because the differential diagnosis of an elevated ESR is so
broad, the value of this result in isolation is limited. The
practitioner must therefore incorporate the test result into
the overall clinical picture by using demographics, health-
related behaviors, comorbidities, review of systems, and
physical examination findings to refine the probability of
disease. Symptoms such as low-grade fevers, sweats, and
weight loss can suggest occult infection or malignancy.
New signs, such as skin lesions or swollen joints, may point
to a rheumatologic condition. Alternatively, paresthesias
can be the clue to multiple myeloma or a vasculitis.

Management
The management will be dictated by the initial results ob-
tained from workup. Because infections commonly cause
an elevated ESR, and because many infections can be catas-
trophic in the short term, clinical judgment will sometimes
dictate initiation of empiric antibiotic therapy until the
culture results are known (e.g., when subacute bacterial en-
docarditis [SBE] is being considered, after multiple blood
cultures have been obtained). However, on other occasions,
legitimate concerns about catastrophic complications of
connective tissue diseases (e.g., blindness in a patient with
suspected giant cell arteritis) will necessitate initiation of
empiric immunosuppressive therapy. The challenge in
these situations, therefore, is to act swiftly enough to mini-
mize the greatest risk while being cautious enough to avoid
immunosuppressive therapy in patients who are infected.

When an Elevated Erythrocyte Sedimentation
Rate Appears During Hospitalization

Description and Differential Diagnosis
The new appearance of an elevated ESR during hospitaliza-
tion implies an acute cause and therefore strongly suggests
infection. Other acute inflammatory processes, such as
gout, should also be considered, depending on the clinical
context. Although neoplasms and connective tissue dis-
eases are common causes of an elevated ESR in clinic pop-
ulations, it would be unusual for these problems to be the
cause of an acutely elevated ESR in a hospitalized patient.

Evaluation and Management
Proper management can be determined only after the
cause of the elevated ESR has been established. However,
once this has been accomplished, the ESR determination
can be of value during management by providing an
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objective guide to the effectiveness of therapy. Specifically,
in conjunction with other clinical and laboratory parame-
ters, the trend of the ESR can be helpful in directing the du-
ration and intensity of therapy in patients with serious in-
fections (e.g., osteomyelitis) or connective tissue diseases
(e.g., temporal arteritis).

Antinuclear Antibodies

When the Antinuclear Antibody Test Result Is
Positive at the Time of Admission

Description and Differential Diagnosis
The antinuclear antibody (ANA) test detects serum anti-
bodies to various nuclear antigens (e.g., histones, DNA,
RNA). The test result is reported as a titer, often accompa-
nied by a pattern of fluorescence seen under microscopy.
The pattern of fluorescence may provide a clue to the na-
ture of the target antigens, but definitive identification of
the target (e.g., double-stranded DNA) requires further spe-
cialized tests.

Several prospective studies of clinically healthy cohorts
demonstrate that a positive ANA test result at a titer of 1:40
can be detected in 20%–30% of asymptomatic people (5).
The frequency of positive test results is higher in women
and in the elderly. With a titer of 1:80, the false-positive
rate is closer to 10%; fewer than 5% of normal subjects will
have a titer of 1:160.

Even at higher titers (�1:160), the differential diagnosis
of a positive ANA test result is broad. The ANA test is highly
sensitive for SLE (more than 95% of patients with SLE have
a titer �1:160), but not specific. It may also be positive in
people with virtually any other connective tissue disease,
including scleroderma, Sjögren syndrome, polymyositis/
dermatomyositis, or RA (see Chapter 112 for further infor-
mation on these disorders). Moreover, many drugs stimu-
late the production of ANAs, a phenomenon seen most
frequently with procainamide and hydralazine (6). Chronic
active hepatitis, Laennec cirrhosis, and primary biliary
cirrhosis are sometimes associated with a positive ANA test
result. The ANA test result may also be positive in people
with neoplasms or chronic infections.

Evaluation
An abnormal ANA test result should prompt a directed his-
tory with specific inquiries into the medication list and
family history, in addition to the occurrence of signs and
symptoms that suggest a rheumatologic disorder (e.g., pho-
tosensitive rash, oral ulcers, arthralgia/arthritis, muscle
weakness, dry eyes and mouth). Although many of these
signs and symptoms can occur in diverse settings (e.g.,
weakness with neoplasm or myositis), their presence
should motivate the pursuit of a definitive diagnosis.

If, after initial evaluation, a connective tissue disease is
still a consideration, further serologic testing to characterize

the auto-antibodies is indicated. For example, antidouble-
stranded DNA and anti-SM are highly specific for SLE, with
a high positive predictive value for the diagnosis. Though
less specific, quantitative analysis of complement levels C3
or C4 can also suggest SLE. Because the pathologic pro-
cesses that yield abnormal ANAs frequently involve multi-
ple organ systems, urinalysis, complete blood count, coag-
ulation studies, renal function tests, and liver function tests
should be performed. Whereas false positive ANAs are
common, the absence of an abnormal ANA is particularly
valuable when excluding the possibility of SLE. With a sen-
sitivity of 99% for SLE, the negative predictive value of a
normal ANA is so high as to essentially eliminate SLE from
the differential.

Management
The ANA test result rarely guides management because it
does not correlate with disease activity. Therefore, once it is
noted to be abnormal, the test need not be repeated. The
main value of the ANA test is to refine the pretest probabil-
ity for a connective tissue disease when the clinical findings
already suggest this possibility. In these situations, the find-
ing of a positive ANA test result warrants further workup to
establish the correct diagnosis and initiate appropriate
therapy.

When a Positive Antinuclear Antibody Test
Result Appears During Hospitalization

Differential Diagnosis
An ANA test, when ordered during hospitalization, often is
performed during a protracted, complicated course, when
the exclusion of other diagnostic possibilities leads to the
eventual consideration of a connective tissue disease. Be-
cause an abnormal ANA test result can signify either an in-
nocuous etiology (e.g., medications or a normal variant) or
an as-yet-undiagnosed connective tissue disease, it is criti-
cal to have some sense of the clinical possibilities before
the test is performed.

Evaluation and Management
The acute nature of most illnesses in hospitalized patients
often mandates follow-up serologic studies (e.g., anti-ds-
DNA, anti-Smith antigen, complement levels) and aggres-
sive pursuit of a tissue diagnosis when the ANA test result
is positive. A review of all the primary data, including mus-
culoskeletal and skin examination findings, and attention
to indicators of multi-organ system involvement can pro-
vide important clues regarding the significance of the ab-
normal ANA test result. Prompt subspecialty consultation
will focus the evaluation on the remaining possibilities,
lower the potential for inappropriate empiric therapy, and
facilitate elucidation of the diagnosis. Management will de-
pend on the precise explanation for the positive ANA test
result.
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Rheumatoid Factor

When the Rheumatoid Factor Test Result Is
Positive at the Time of Admission

Description and Differential Diagnosis
Rheumatoid factor (RF) is an auto-antibody (most com-
monly an immunoglobulin M antibody) that binds the
constant portion of immunoglobulin G molecules. It is
strongly associated with, but not specific for, RA. Although
its presence may precede the onset of arthritis, many pa-
tients will be clinically identified as having RA before they
become seropositive. Eventually, 70%–85% of people with
RA have a test result positive for RF. Serologic surveys
demonstrate the presence of RF in 5% of healthy young
adults and 15% of healthy elderly adults. An appreciation
that RF is an immunoglobulin leads to the understanding
that any chronic inflammatory state may be associated with
production of RF. Virtually all the systemic connective
tissue diseases can be associated with the presence of RF
(e.g., Sjögren syndrome, SLE, scleroderma, and cryoglobu-
linemia). Chronic infections, including subacute bacterial
endocarditis, tuberculosis, leprosy, syphilis, and rheumatic
fever, also commonly are associated with positivity for RF.
Finally, RF is detected in some patients with neoplasms, es-
pecially leukemias, lymphomas, and macroglobulinemia.

Evaluation
The history and physical examination should provide hints
regarding the likelihood of infectious or neoplastic etiolo-
gies. Musculoskeletal findings, if present, may focus the
workup on possible connective tissue diseases. Radiogra-
phy of arthritic joints can be particularly valuable because
periarticular osteopenia and characteristic erosions may be
diagnostic of RA.

Management
Titers for RF do not correlate well with disease activity.
Therefore, the RF titer is rarely helpful in guiding the man-
agement of patients with RA. The test is primarily of diag-
nostic value and of some prognostic value. Patients with
higher titers generally have more aggressive joint disease
and are at greater risk for extra-articular manifestations of
RA, including subcutaneous nodules, interstitial lung dis-
ease, scleritis, and vasculitis.

When a Positive Rheumatoid Factor Test Result
Appears During Hospitalization

In the acutely ill patient, detection of RF should trigger a
search for occult infection. Subacute bacterial endocarditis
in particular can cause musculoskeletal complaints that
may mimic the presentation of an inflammatory arthritis.
Similarly, RF may be a clue to the diagnosis of vasculitis.
The evaluation of RF positivity during hospitalization is
similar to the evaluation that would be indicated at admis-

sion, although even more emphasis should be placed on
ruling out infectious etiologies.

Antineutrophil Cytoplasmic Antibodies

When the Antineutrophil Cytoplasmic Antibody
Test Result Is Positive at the Time of Admission

Description and Differential Diagnosis
The antineutrophil cytoplasmic antibody (ANCA) test de-
tects a group of auto-antibodies that react with specific cy-
toplasmic antigens (7). Depending on the precise nature of
the target antigen, two ANCA patterns can be seen when
ethanol-fixed neutrophils are stained. The cytosolic
(cANCA) pattern correlates with antibodies that recognize
the proteinase-3 neutrophil protease (PR3). The perinu-
clear (pANCA) pattern is associated with antibodies against
the myeloperoxidase enzyme (MPO) found in lysosomes.
Increasingly, laboratories are directly measuring the titers
of the auto-antibodies rather than relying on the fluores-
cent staining pattern.

The cANCA pattern has been heralded as a marker for
Wegener’s granulomatosis. In cohorts with a high pretest
probability (i.e., �10%), the specificity approaches 98%,
with a sensitivity of 60%–80% (5,6). The positive predic-
tive value of the ANCA for a diagnosis of Wegener’s plum-
mets when there is a low pretest clinical probability of this
uncommon disease. Of the other rheumatic disorders, only
Churg-Strauss syndrome and microscopic polyangiitis have
demonstrated an association with the typical cANCA pat-
tern (7). An atypical pattern of fluorescence, often read as
cANCA, that is not associated with anti-PR3 antibodies has
been described with cystic fibrosis, inflammatory bowel
disease, primary sclerosing cholangitis, and RA. The pANCA
pattern, first described in patients with pauci-immune
rapidly progressive glomerulonephritis, occurs in 50% of
patients with microscopic polyangiitis in the setting of re-
nal failure, with or without pulmonary hemorrhage. The
antibodies are also seen in Churg-Strauss syndrome and
well described in a host of autoimmune diseases, includ-
ing: RA, SLE, Sjogren syndrome, poly- and dermatomyosi-
tis, reactive arthritis, antiphospholipid antibody syndrome,
ulcerative colitis, and primary sclerosing cholangitis (7).

Evaluation
A positive cANCA test result requires a careful evaluation
for signs and symptoms of Wegener’s granulomatosis. A
positive pANCA test result should trigger a search for other
vasculitides involving the lungs and kidneys. This topic is
covered in detail in the Chapter 111.

Management
The ANCA test is used most often to help diagnose a sys-
temic process. The outcome of the diagnostic evaluation
will dictate the direction of therapy. More than a diagnos-
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tic test, clinicians have used the titer of the cANCA-related
antibodies as a surrogate for disease activity, guiding ongo-
ing therapy of patients with Wegener’s granulomatosis. A
rise in ANCA titers correlates with disease flare in approxi-
mately two-thirds of the cases, but this relative insensitivity
makes it vital to base therapeutic decisions on both the titer
and concomitant clinical changes (8). Like other monitor-
ing tests, the titer determination is simply an adjunct to a
thorough assessment of the clinical picture.

When a Positive Antineutrophil Cytoplasmic
Antibody Test Result Appears During
Hospitalization

The differential diagnosis, evaluation, and management of
a patient with a positive ANCA test result are the same
whether this finding is detected at the time of admission or
during the hospitalization.

Complement

When Hypocomplementemia Is Present at the
Time of Admission

Description and Differential Diagnosis
The complement system involves a cascade of 30 proteins.
When activated, the proteins are catabolized into interme-
diates that augment the inflammatory response by attract-
ing neutrophils, directing lysis of opsonized cells, and
increasing vascular permeability. The functional integrity
of the entire classic pathway can be evaluated by perform-
ing a test for total hemolytic complement (CH50). Defi-
ciencies in any of the complement proteins of the classic
pathway, whether inherited or caused by consumption,
will decrease the CH50 value. Individual complement
components can also be measured. The levels of C3 and C4
are most commonly tested.

Complement levels are generally sent in two clinical
scenarios: either to evaluate an inherited complement de-
ficiency or to diagnose and/or determine the level of ac-
tivity of a pathologic, inflammatory condition. In the lat-
ter group, hypocomplementemia, in the appropriate
clinical setting, could indicate an SLE flare, cryoglobuline-
mic vasculitis, a variety of glomerulonephritides, SBE, or
cholesterol emboli syndrome. Each of these disorders trig-
gers consumption of complements, thus a reduction in
number of individual complement components and an
overall abnormality in the CH50. Rarely, end-stage liver
disease can be associated with hypocomplementemia be-
cause of reduced hepatic synthesis of complement pro-
teins, but complement levels typically are preserved even
in patients with hepatic failure.

Evaluation
The first question to address when the complement level is
low is whether the cause is a hereditary deficiency of an in-

dividual component or complement consumption. This
can be determined by obtaining values for CH50 and for
two individual components (e.g., C3 and C4). If consump-
tion is the cause, all the values should be abnormal. How-
ever, if only an individual component is absent, then the
CH50 value will be undetectably low (reflecting the absence
of a functionally important component), but the levels of
all other individual components will be normal. For exam-
ple, levels of both C3 and C4 will be normal in a patient
with C2 deficiency, but the CH50 level will be undetectable;
C3 will be normal in a patient with C4 deficiency, but C4
will be absent.

If the tests described above establish that consumption
is the cause for hypocomplementemia, then the evaluation
shifts immediately to a consideration of immunopathol-
ogy, particularly SLE. Some mimickers of vasculitis must
also be considered, such as the cholesterol emboli syn-
drome, which can cause clinical manifestations suggestive
of vasculitis, low complement levels, and a high ESR.

Management
Because complement is consumed and then quickly resyn-
thesized, complement levels can be a valuable guide for
monitoring disease activity. In SLE in particular, disease ac-
tivity often correlates with low complement levels. This can
be extremely valuable, for example, when the clinician is
trying to determine whether the febrile patient with SLE is
having a disease flare (which would improve with im-
munosuppression) or an infection. Similarly, this relation-
ship can provide quantitative direction for adjusting the
dose of immunosuppressive drugs. When complement val-
ues are being used for this purpose, it is not necessary to fol-
low the results of multiple tests (e.g., CH50, C3, and C4).
Rather, because all the complement values reflect con-
sumption, it is sufficient to rely on the most sensitive of
them. Although the C4 value is generally the most sensitive
to changes in disease activity (9), some patients will
demonstrate a higher correlation between the CH50 or C3
value and their clinical status.

When Hypocomplementemia Appears During
Hospitalization

An acute decrease in any measure of complement suggests
immunopathology such as SLE or a vasculitis. However, in
a hospitalized patient, one must also consider severe bacte-
rial infection. Therefore, the evaluation should focus on
distinguishing vasculitis from infection.

KEY POINTS

■ The first challenge in evaluating a patient with joint pain
is to determine whether the pain truly originates within
the joint or whether it originates instead in periarticular
structures, underlying bone, or overlying skin.
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■ In most patients with joint swelling, analysis of the joint
fluid is a crucial part of the diagnostic evaluation.

■ Crystal-induced arthritis is a common cause of acute
joint pain in hospitalized patients.

■ In seriously ill patients with signs and symptoms sugges-
tive of rheumatic diseases, the differential diagnosis of-
ten also includes infection. The challenge is to act swiftly
to minimize the risk for catastrophic complications of
rheumatic diseases while avoiding immunosuppressive
therapy in infected patients.

■ The erythrocyte sedimentation rate may be elevated in
any inflammatory process that increases the levels of
acute-phase reactants.

■ The antinuclear antibody titer is most useful as a diag-
nostic test for SLE, because of its high sensitivity, but not
as a monitoring test, because the titer does not correlate
well with disease activity.

■ Since the rheumatoid factor will be positive in only 80%
of patients with rheumatoid arthritis, the diagnosis must
still be made on clinical grounds.

■ The cytosolic pattern for antineutrophil cytoplasmic an-
tibody (cANCA) is most useful diagnostically when the
clinical picture suggests a greater than 10% pretest prob-
ability of Wegener’s granulomatosis.

■ Hypocomplementemia may reflect either an inherited
deficiency of an individual complement component or
complement consumption resulting from immune com-
plex-mediated activation of the complement cascade.
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Vasculitis
Gary S. Hoffman Carol A. Langford
Leonard H. Calabrese

INTRODUCTION

When to Suspect Vasculitis

For most physicians, the recognition and treatment of the
systemic vasculitides is not a routine matter. More than 20
different forms of systemic vasculitis have been enumer-
ated. Each is uncommon and likely to be confused with
other systemic illnesses that produce similar abnormalities.
The hospitalized patient ultimately identified to have sys-
temic vasculitis has often had either a toxic presentation or
a clinical picture dominated by multifocal evidence of or-
gan injury. Processes that can be confused with vasculitis
include infections (particularly bacterial endocarditis),
drug toxicities and poisonings (especially with agents likely
to produce vasospasm), coagulopathies, malignancies, car-
diac myxomas, and multifocal emboli from aneurysms of
large vessels (Table 111.1). Whether critical organs are in-
volved, together with the rate of disease progression, will
determine the intensity and pace of the diagnostic evalua-
tion and treatment choices. The physician may encounter a
situation, especially early in a hospitalization, in which sys-
temic vasculitis cannot be distinguished from endocarditis
or other infections. Under such circumstances, one may be
forced to treat for multiple diagnoses before a final diagno-
sis is achieved. To minimize the risk of such an approach,
the clinician must recognize the clinical patterns of com-
peting diagnoses, rather than depend on immunoserologic
studies that may not be readily available or are inade-
quately specific. For example, oral and genital aphthous ul-
cers suggest Behçet’s disease; the presence of upper and
lower airway inflammation, red blood cell casts in the
urine sediment, and renal insufficiency suggests Wegener’s
granulomatosis; and hypertension and claudication in an
extremity in a young female patient suggest Takayasu’s
arteritis. Unfortunately, many patients with vasculitis do

not present with such recognizable features. Instead, one
may have to depend on combinations of less typical clues.
For example, a patient with with a flat or palpable purpuric
rash, fever, an active urinary sediment, and peripheral neu-
ropathy is likely to have vasculitis. However, because these
features may also be part of endocarditis, they obligate
definitive evaluation for both conditions.

Proving the Diagnosis of Vasculitis

Definitive proof often depends on visualizing vasculitic le-
sions in affected tissue. The greatest success in achieving a
tissue diagnosis comes from the biopsy of abnormal or symp-
tomatic sites. Biopsy of apparently normal tissue is not rec-
ommended (1, 2) because the yield is less than 20%, even
in patients with proven vasculitis. Biopsy of abnormal or-
gans provides diagnostically useful information in more
than 65% of cases (not 100%, because “skip” lesions are
seen in all types of systemic vasculitis). This explains why
large specimens of abnormal tissue provide a greater yield
than specimens obtained by needle biopsy.

A biopsy may not be practical in certain circumstances.
For example, in the patient with symptoms of visceral
ischemia, carotidynia, or findings of unequal pulses or
blood pressures, biopsy of large vessels and diagnostic
laparotomy (in the absence of an acute abdomen) would
be impractical. In this setting, angiography can be
helpful. Vascular injury may be evidenced by areas of
vascular stenosis or aneurysm that cannot be explained
on the basis of atherosclerosis. Angiography is particu-
larly useful for patients with diseases that involve large
vessels (Takayasu’s arteritis, giant cell arteritis of the el-
derly) and medium-size vessels (e.g., polyarteritis nodosa)
(Figure 111.1).

Once the diagnosis of vasculitis is clearly established,
based either on the strongest of circumstantial evidence

111
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(potentially including angiography, which is less specific
than histopathology) or on biopsy proof of vascular
inflammatory injury, one must still ask whether such
lesions represent secondary vasculitis caused by infections
(e.g., bacterial, mycobacterial, fungal, syphilitic, rick-
ettsial, hepatitis B or C or, in immunologically compro-
mised patients, HIV or cytomegalovirus infection). In ad-
dition, vasculitis can be associated with a variety of
malignancies. Paraneoplastic vasculitis should be consid-
ered on the basis of a suggestive history or in patients
who fail to respond to usually effective aggressive im-
munosuppressive therapy.

General Considerations for Treatment

With the exception of acute Kawasaki syndrome, in which
salicylates and high-dose intravenous immunoglobulin are
indicated, therapy for all other forms of severe systemic vas-
culitis usually begins with high doses of a corticosteroid.
Whether the corticosteroid should be given as a single morn-
ing dose, in split doses, or as a large intravenous “pulse” or
bolus (e.g., 500–1,000 mg of methylprednisolone for 1–3
days), and whether a cytotoxic agent should be used at the
onset, have not been the subject of controlled studies. Cer-
tain forms of systemic vasculitis improve dramatically after
corticosteroid therapy (e.g., giant cell arteritis of the elderly).
But, most patients with generalized Wegener’s granulomato-
sis or severe microscopic polyangiitis with pulmonary and
renal involvement usually progress to severe organ system
impairment and death if not treated with a corticosteroid
plus a cytotoxic agent such as cyclophosphamide. Special
concerns are raised when the condition of a patient who has
experienced marked improvement or remission subse-
quently deteriorates. If deterioration occurs before signifi-
cant tapering of corticosteroids or cytotoxic agents, it is likely
to be caused by events other than vasculitis; generally either
comorbidities or complications of treatment (e.g., venous
thromboses, pulmonary emboli, opportunistic infections,
and drug toxicity).

Because most systemic vasculitides are not curable, the
primary realistic goal is to diminish morbidity from both
disease and treatment, in the hope that the underlying
process will enter an extended treatment-induced remis-
sion or be self-limited. When treatment is indicated for sys-
temic vasculitis, high doses should be maintained until all
manifestations of active disease have abated. Tapering of
prednisone should begin after about 1 month. Whether
corticosteroid tapering should be accomplished by reduc-
ing the dose on every day of therapy or on every other day;
or whether the interval between each dose reduction
should be every 3, 5, 7, 10 or more days, etc., is controver-
sial. Some advocate tapering to alternate-day prednisone
(single morning dose), because this schedule is associated
with less toxicity than daily treatment. However, even al-
ternate-day prednisone carries a high risk for osteoporosis
and fracture. All patients who receive long-term cortico-
steroids should be placed on bone conservation programs.

Daily cyclophosphamide has been the most thoroughly
studied treatment for severe forms of vasculitis. Although
the drug may be life-saving, its use requires close vigilance
for bladder and bone marrow side effects, titration of doses
based on blood cell counts (particularly in regard to
leukopenia), high oral intake of fluids to dilute cyclophos-
phamide-derived bladder toxins, and urologic consultation
for any sign of bladder toxicity (3). Figure 111.2 shows a
sample discharge instruction form for patients being started
on a corticosteroid, cyclophosphamide, or both. Specific in-
dications for adding a cytotoxic agent will be considered in
following sections on the specific vasculitides.
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TABLE 111.1
WHEN TO SUSPECT SYSTEMIC VASCULITIS

Consider systemic vasculitis in all patients with
multisystem disease, but rule out the following
processes:
Infection/sepsis; pay particular attention to endocarditis 

(Chapter 71)
Drug toxicity/poisoning (Chapter 121)
Coagulopathy (Chapter 98)
Malignancy
Atrial myxoma
Multifocal emboli (e.g., cholesterol, mycotic)

Figure 111.1 This renal arteriogram was obtained concurrently
with a study of the mesenteric circulation in a patient with post-
prandial abdominal pain, hypertension, musculoskeletal symp-
toms, and fever of unknown origin. The diagnosis of polyarteritis
nodosa was suspected. The angiogram revealed marked “pruning”
of medium-sized vessels, vascular irregularities, and aneurysms
throughout the renal vessels and mesenteric vasculature, confirm-
ing the diagnosis.
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SPECIFIC VASCULITIDES

Vasculitis of Large Vessels

Takayasu’s Arteritis

Issues at the Time of Admission
Takayasu’s arteritis is a large-vessel vasculitis of unknown
cause that involves the aorta and its major branches. It af-
fects young women about 10 times more often than men.
Morbidity results from arterial stenosis and organ ischemia
(e.g., extremity claudication, transient cerebral ischemia,
stroke, renal artery hypertension, congestive heart failure,
angina, myocardial infarction, mesenteric vascular insuffi-
ciency), and from the formation of aneurysms, especially in
the aortic root, which can result in aortic regurgitation. Mor-
tality rates have varied widely from series to series. When
mortality occurs, it is usually caused by hypertensive or
primary cardiac, renal, and central nervous system (CNS)
vascular disease. Symptoms of large-vessel abnormalities,

especially in young patients, necessitate careful examina-
tion of pulses and blood pressures in all four extremities,
with a search for asymmetry and vascular bruits (4).

Symptoms may be specific for vascular disease (e.g., ex-
tremity or visceral ischemia) or nonspecific (e.g., malaise,
arthralgias, night sweats, fever). When such symptoms oc-
cur in the setting of an elevated erythrocyte sedimentation
rate (ESR), active disease is likely and should be evaluated
by invasive (4) or non-invasive (5) angiography. The initial
presentation may be subtle; a significant number of
patients have neither constitutional nor new vascular
symptoms, and up to 50% have normal ESR values despite
progressive disease (4). Patients admitted with suspected
active Takayasu’s arteritis should be started on high-dose
corticosteroids (1 mg of prednisone per kilogram daily),
even as the diagnosis is being confirmed.

Issues During the Course of Hospitalization
Approximately 60% of patients with Takayasu’s arteritis
respond to corticosteroid therapy, with resolution of symp-
toms and stabilization of arteriographically demonstrable
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Medications:
• Cyclophosphamide 150 mg taken all at once in the morning with 2-3 liters of fluid throughout the day.
• Prednisone 60 mg taken all at once in the morning.
• Trimethoprim 160 mg/Sulfamethoxazole 800 mg 1 tablet on Monday, Wednesday, Friday (prophylaxis for pneumocystis)
• (Consider intervention to minimize prednisone-induced osteoporosis).

Follow-up:
• While taking these medications, it is very important that you have blood tests every 1-2 weeks
• Return to see Dr. _____________ on _____________

Alerts:
• Contact your doctor at phone number _____________ or seek medical attention immediately for any:

– Fever
– Blood in your urine
– Shortness of breath
– Symptoms of infection
– New symptoms that you are unsure or concerned about

Main Side Effects (discussed here or through separate written literature):
Cyclophosphamide:
Increased risk of infection
Lowering of blood counts
Bladder injury
Injury to an unborn child
Infertility
Nausea, vomiting
Hair thinning or loss
Increased risk of cancer of the bladder, blood elements, skin

Prednisone:
Increased risk of infection
Increased appetite and weight
Fluctuations in mood
Acne
Easy bruising
Fullness of the face and body
Osteoporosis
Muscle weakness
Avascular necrosis (fractures of the hips/shoulders)
Cataracts
High blood pressure
Diabetes

Figure 111.2 Sample discharge instructions for patients on cyclophosphamide and prednisone
therapy.
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abnormalities. However, tapering of corticosteroid therapy
has been associated with disease relapse in more than 40%
of patients. Corticosteroid-resistant or relapsing patients
may respond to the addition of daily therapy with low
doses (2 mg/kg/d) of cyclophosphamide or weekly therapy
with methotrexate (15–25 mg/wk) (6).

About 40% of patients who are treated with a cytotoxic
agent and corticosteroids achieve remission, but about half
of these patients also relapse in time, so that long-term im-
munosuppressive therapy is required in at least one-fourth
of all patients with Takayasu’s arteritis.

By discussing only pharmacologic strategies, we would
risk ignoring the important effects of the vascular lesions
themselves, which cause morbidity through inflammation
or vascular distortion and stenosis. Because more than
90% of patients have stenotic lesions, with the most
common site of stenosis being the subclavian artery (or
arteries), blood pressure recordings in one or both arms
may not reflect the more worrisome pressure in the aorta.
Therefore, in patients with Takayasu’s arteritis, the entire
aorta and its primary branches should be assessed with vas-
cular imaging studies, including magnetic resonance an-
giography or invasive catheter-guided angiography. When-
ever feasible, anatomic correction of clinically significant
lesions should be considered, especially in the setting of re-
nal artery stenosis and hypertension, coronary or cerebral
ischemia, or enlarging aortic aneurysm or dissection.

Discharge Issues
The care of patients with Takayasu’s arteritis requires man-
agement by a team that includes clinicians familiar with the
proper use of immunosuppressive therapies, vascular imag-
ing and intervention specialists, and, in the setting of criti-
cal stenoses or aneurysms, cardiovascular physicians and
surgeons. For most patients, medical and surgical therapies
are palliative. The acute hospitalization provides an oppor-
tunity to diagnose and treat urgent problems and to assem-
ble a team that will follow the patient outside the hospital.

Giant Cell Arteritis of the Elderly

Issues at the Time of Admission
Giant cell arteritis (GCA) and Takayasu’s arteritis are the
principal diseases associated with sterile granulomatous in-
flammation of large and medium-sized vessels. Whereas
Takayasu’s arteritis has a predilection for young women,
GCA favors people over 50 years of age. In fact, the mean
age for patients in most series is over 70 years. Women are
affected more than men, but the degree of female predom-
inance (ranging from 2:1 to 3:1) is not as striking as in
Takayasu’s arteritis. The demographic characteristics of pa-
tients with GCA are the same as for patients with polymyal-
gia rheumatica, and in fact 30–50% of patients with GCA
also have features of polymyalgia rheumatica. The most
common characteristics of GCA are represented in Table

111.2. The new onset of atypical and often severe
headaches, scalp and temporal artery tenderness, acute vi-
sual loss, and pain within the muscles of mastication are
among the most compelling features to suggest the diagno-
sis (7). When such abnormalities are present in conjunc-
tion with marked elevations in the ESR (Chapter 110), a
clinical diagnosis of GCA can be presumed and treatment
initiated, even without the benefit of a temporal artery
biopsy. The diagnosis would be thrown into question only
if dramatic improvement had not occurred within 24–72
hours. In those instances in which typical features are not
present but the diagnosis is suggested because of vague sys-
temic symptoms and atypical headache in face of a normal
or elevated ESR and all other reasonable diagnoses have
been ruled out, a positive biopsy result is useful in guiding
treatment. The yield of temporal artery biopsy in patients
suspected to have GCA has been estimated to be about
50%–80%, depending in part on the pre-test (biopsy)
probability of GCA, size of the biopsy specimen and
whether bilateral samples have been obtained.

Giant cell arteritis produces aortitis in at least 15% of
cases and involves the primary branches of the aorta in a
similar number of persons (8). Recent studies have demon-
strated that patients with GCA were more than 17 times
more likely than age-matched controls to have thoracic aor-
tic aneurysms (carrying a 55% mortality rate) and about
2.5 times more likely than age-matched controls to have
abdominal aortic aneurysms (8). The finding of large-
vessel disease, including aortic aneurysms, in elderly per-
sons with GCA should not merely be assumed to be
secondary to atheromatous disease.

Corticosteroids remain the most effective therapy for
GCA. As in patients with suspected Takayasu’s disease,
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TABLE 111.2
GIANT CELL ARTERITIS: CLINICAL PROFILE

Abnormality Frequency (%)

Age �50 y (mean age, �70 y) �90
Atypical headache 60–90
Tender temporal artery 40–70
Systemic symptoms not attributable to other 20–50

diseases
Fever 20–50
Polymyalgia rheumatica 30–50
Acute visual abnormalities 12–40
Blindness 5–17
TIAs or stroke 5–10
Claudication

“Jaw” 30–70
Extremities 5–15

Aortic aneurysm 15–20
Dramatic response to corticosteroids �100
Positive temporal artery biopsy result �50�

TIA, transient ischemic attack.
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prednisone therapy (0.7–1 mg/kg daily) should be started
immediately in patients with suspected GCA. The biopsy re-
sult will remain positive for at least a week after cortico-
steroid therapy is begun. Controlled studies, designed to
determine whether adjunctive therapy with cytotoxic agents
is superior to corticosteroid therapy alone in patients with
GCA, have yielded contradictory results (9, 10).

Issues During the Course of Hospitalization 
and at Discharge
Prednisone will reduce symptoms within 1–2 days and of-
ten eliminate them within a week. One month after clinical
and laboratory parameters, particularly the ESR, have nor-
malized, tapering can begin. Unfortunately, the ESR does
not always normalize, even with disease control, so it
should not be relied on as the only measure of remission.
Occasional patients may either fail to achieve complete re-
mission or be unable to withdraw from corticosteroid ther-
apy. Cytotoxic or immunosuppressive agents have been
recommended for such patients by some authors, but in
the absence of convincing proof of efficacy, we are reluctant
to endorse such approaches. Recent preliminary experience
has suggested that therapies directed at blocking the pro-
inflammatory and granuloma-enhancing cytokine, TNF,
may be efficacious (11). Studies of this approach have just
begun.

Evidence that as many as 40% of patients with polymyal-
gia rheumatica may have histologic proof of GCA has
continued to fuel controversy over whether all patients with
polymyalgia rheumatica should be treated with high doses
of corticosteroids. In any case, the clinical overlap of these
disorders obligates careful vascular evaluations of patients
with presumed polymyalgia rheumatica.

VASCULITIDES OF SMALL AND 
MEDIUM-SIZED VESSELS

Issues at the Time of Admission

Clinical Presentation
The systemic vasculitides that have a predilection for 
involving small and medium vessels are Wegener’s granu-
lomatosis (WG), polyarteritis nodosa (PAN), microscopic
polyangiitis (MPA), and Churg-Strauss syndrome (CSS).

Wegener’s granulomatosis is a necrotizing granulomatous
vasculitis classically thought of as involving the triad of
the upper airway, lungs, and kidneys. It affects approxi-
mately 3/100,000 people and is distributed equally be-
tween men and women, with a mean age of onset of 41
years (range, 9–78 years). Although this disease can affect
virtually any organ system (Table 111.3), patients most fre-
quently seek medical attention for symptoms involving the
upper and lower airways (Figure 111.3). In the hospitalized
patient in whom a diagnosis of WG is being considered, it

is important to recognize that the symptom of dyspnea can
occur for multiple reasons, including obstruction of the
upper airways resulting from involvement of the trachea,
bronchi, or subglottic region. Patients with stridor or
unexplained dyspnea should be emergently evaluated by
an otolaryngologist. If severe tracheal narrowing is present,
tracheotomy can be life-saving. Glomerulonephritis is an-
other important disease manifestation. Because it is usually
asymptomatic and may be rapidly progressive, clinicians
should perform a urinalysis in patients with systemic
illnesses for which the cause is uncertain. Although the
presence of renal disease is helpful in narrowing the differ-
ential diagnosis and although renal disease ultimately
occurs in 80% of patients, it is present at the onset of WG
in only 20%.
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TABLE 111.3
WEGENER’S GRANULOMATOSIS: 
CLINICAL PROFILE

Frequency
Frequency at during disease 

Abnormality presentation (%) course (%)

Upper airways 73 92
Lower airways 48 85
Kidneys 20 80
Joints 32 67
Eyes 15 52
Skin 13 46
Nerves 1 20

Data adapted from Hoffman GS, Kerr GS, Leavitt RY, et al. Wegener’s
granulomatosis: an analysis of 158 patients. Ann Intern Med 1992;116:
488–498, with permission.

Figure 111.3 Wegener’s granulomatosis. This computed tomo-
gram demonstrates multiple bilateral nodules with cavitation of a
left posterior nodule in a patient with upper and lower airway dis-
ease and glomerulonephritis.
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The description of periarteritis (later renamed polyarteri-
tis) nodosa in 1866 was the first detailed account of a sys-
temic vasculitis in the medical literature. Although the term
polyarteritis nodosa was initially used to describe all cases
of systemic vasculitis that did not include the largest ves-
sels, it became recognized in the 1950s that certain clinical
and pathologic features often allowed separation of these
vasculitides into distinct entities. Under a 1993 Interna-
tional Consensus Conference classification, PAN was de-
fined as a vasculitis of medium-sized arteries not associated
with glomerulonephritis or vasculitis of small vessels. In
contrast, microscopic polyangiitis was defined as a necrotizing
vasculitis, with few or no immune deposits, affecting small
vessels (i.e., capillaries, venules, or arterioles); it can also
affect medium-sized arteries. Like WG, MPA has a predilec-
tion for the lungs (e.g., pulmonary infiltrates and hemor-
rhage) and kidneys (glomerulonephritis). Biopsy speci-
mens in MPA are devoid of granulomas, unlike those in
WG. MPA can pose an immediate threat to life and organ
function, particularly in cases characterized by pulmonary
hemorrhage and rapidly progressive renal failure. Once
diagnosed, MPA necessitates aggressive treatment.

Based on its definition, PAN is probably very rare. Al-
though several natural history and treatment studies of
PAN have previously been performed, the populations
analyzed included a number of patients with small-vessel
disease who would now be considered to have MPA. This is
reflected in the wide range of frequencies of organ involve-
ment reported in different series (Table 111.4). It is very
important to note that the phenotypes of patients with
PAN, MPA, and cryoglobulinemic vasculitis can be the same as
those of patients with viral infections complicated by

vasculitis (e.g., hepatitis B and C, HIV infection). Screening
for these viruses should therefore be performed in all such
presentations, insofar as antiviral therapies may be an im-
portant part of treatment for these diseases.

Churg-Strauss syndrome is a rare disease characterized by
asthma, eosinophilia, and systemic vasculitis. The peak age
of onset is 30–45 years (range, 15–69), and there is a slight
male predominance. The course of CSS has often been di-
vided into three phases: the prodrome, the eosinophilic
phase, and the vasculitic phase. Although this separation is
helpful in approaching CSS, the three phases are not clearly
definable in all patients and may occur simultaneously. The
prodrome is characterized by allergic disease, usually
asthma and allergic rhinitis. During the eosinophilic phase,
peripheral eosinophilia and eosinophilic tissue infiltrates,
often involving the lung or gastrointestinal tract, may
develop. The vasculitic phase may be heralded by constitu-
tional symptoms followed by the development of more
organ-specific features, such as mononeuritis multiplex or
congestive heart failure. Cardiac involvement can be a
significant cause of mortality in these patients.

Differential Diagnosis and Initial Evaluation
All the primary vasculitides of small and medium vessels
have the potential to be systemic and evolve rapidly. Initial
assessment must be comprehensive and quickly address
those organ systems in which involvement carries the
greatest potential for significant morbidity or mortality
(airway, lungs, kidneys, nerves, gastrointestinal tract, heart,
and eyes). It is important to recognize that the absence of
symptoms does not rule out disease. For example, one
study of patients with WG showed that 34% of radiographs
demonstrated infiltrates or nodules while patients were
asymptomatic. The point that glomerulonephritis, often
rapidly progressive, is usually asymptomatic cannot be
overemphasized.

Role of Antineutrophil Cytoplasmic Antibodies in the
Differential Diagnosis of Vasculitis. Antineutrophil cyto-
plasmic antibodies (ANCA), novel auto-antibodies associ-
ated with certain forms of systemic vasculitis, were
described in Chapter 110. The cytosolic pattern of ANCA
(cANCA), combined with reactivity to Proteinase 3 (PR3),
has been found to have a high degree of sensitivity and
specificity for WG. Although ANCA positivity is useful to
suggest the presence of WG, in almost all instances it should
not be used in place of a biopsy to confirm the diagnosis. This is
because the prevalence of WG is low in most clinical situa-
tions, and ANCA/PR3 positivity is not 100% specific for
WG (12). Conversely, where there is convincing clinical ev-
idence to suggest WG, ANCA negativity should not be a rea-
son to eliminate vasculitis from the differential diagnosis.

Biopsy Strategy for Diagnosis. We have discussed strate-
gies for obtaining biopsy proof of vasculitis in our intro-
ductory comments. An important aspect of these strategies
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TABLE 111.4
POLYARTERITIS NODOSA: CLINICAL
PROFILE

Abnormality Frequency (%)a

Fever 36–76
Weight loss 30–71
Hypertension 25–70
Kidney 8–77
Gastrointestinal 14–78
Cardiac 10–56
Nervous system

Peripheral 23–60
Central 3–41

Musculoskeletal
Arthralgia/arthritis 33–58
Myalgia 8–77

Skin 28–65
Eye 1–47
Testicular pain 1–4

a Frequencies represent a compilation of data from several
series.
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includes selecting a suitable biopsy site when more than
one organ site is involved. The decision about which site is
most suitable for biopsy must be based on individual fac-
tors, such as the stability of the patient, invasiveness of the
procedure, likelihood of a positive yield based on data
from the literature, and urgency of beginning treatment.
For example, in a stable patient, it may be reasonable to
perform a biopsy at a location where the yield is lower but
where the procedure is less invasive. Conversely, when be-
ginning treatment immediately is critical, the biopsy
should generally be performed on the involved tissue most
likely to yield a diagnosis.

Indications for Hospitalization
The indications for hospitalizing a patient with possible
vasculitis chiefly fall under three interrelated headings: di-
agnosis, monitoring, and treatment. Admission may be in-
dicated so that a diagnostic procedure (e.g., bronchoscopy,
surgical biopsy) or an invasive radiologic procedure can be
performed safely. Hospitalization for monitoring and treat-
ment typically go together, as it is often the patients who
need to be followed closely who require more aggressive
(often intravenously administered) treatment. Immedi-
ately life-threatening manifestations often dictate the need
for hospitalization, but it must be recognized that stable,
untreated vasculitis of small and medium-sized vessels has
the potential to progress rapidly to life-threatening disease
and complete renal failure. For this reason, when these
forms of vasculitis are high on the list of possible diag-
noses, admission should be considered if it would expedite
making a prompt diagnosis and instituting therapy.

Indications for Initial Intensive Care Unit Admission
In the management of the vasculitides of small and
medium vessels, indications for ICU admission may in-
clude respiratory or airway compromise, pulmonary or gas-
trointestinal bleeding, unstable cardiovascular parameters,
or impaired central neurologic function.

Initial Therapy
The decisions regarding initial treatment will largely be
based on the sites and severity of organ involvement and
on individual factors. This section reviews the general
approach to initial treatment, but physicians are strongly
encouraged to seek further information from the literature
or consultants regarding the risks, benefits, and protocols
of the treatment regimens. Also of note, the following
comments are confined to the treatment of small- and
medium-vessel vasculitis that is not associated with hepati-
tis or HIV; these secondary vasculitides may warrant an
approach that includes antiviral therapies.

Historical reports have demonstrated that untreated WG
is almost universally fatal. Corticosteroids were the first
applied therapy, and, although they slowed disease pro-
gression in some instances, they usually did not prolong
survival. The introduction of treatment with a corticosteroid

and daily cyclophosphamide dramatically improved outcome,
such that 75% of WG patients achieved complete remission
and 91% showed significant improvement, with an 80%
survival during a mean follow-up period of 8 years (3). This
regimen is now the treatment of choice in any patient with
life-threatening disease or rapidly progressive glomeru-
lonephritis. The starting daily dose of cyclophosphamide is
2 mg/kg (Figure 111.4), administered either orally or intra-
venously (the latter in patients who are too ill to receive
oral medications). In either setting, cyclophosphamide
should be given all at once in the morning, with 2–3 L of
fluid daily to lessen the risk for bladder mucosal injury.
Cyclophosphamide is bone marrow-suppressive, and
the complete blood cell count should be monitored every
1–2 weeks throughout treatment. An unfortunate misinter-
pretation of the protocol has led some to believe that the
induction of leukopenia is a goal of treatment. Quite the
contrary—the starting dose of cyclophosphamide should
be lowered if necessary to maintain the white cell count
above 3,500/�L. Cyclophosphamide is eliminated by the
kidneys, and thus drug levels will be higher in patients with
renal insufficiency. The decision about whether to begin
with a lower dose of cyclophosphamide must be based on
the individual circumstance. In the setting of rapidly pro-
gressive glomerulonephritis, the adequacy of initial treat-
ment may be critical for renal salvage, and thus it is pre-
ferred to start treatment with at least 2 mg/kg daily
and closely monitor for trends toward leukopenia. Use of
intravenous bolus cyclophosphamide (1 g/m2) to initiate
treatment is not advised in the treatment of WG, and inter-
mittent administration is not felt to be as efficacious as
daily administration

In addition to cyclophosphamide, corticosteroids are a
critical part of the regimen. The starting dose is 1 mg of
prednisone per kilogram daily or the equivalent intra-
venous dose of methylprednisolone. This dose is continued
for a full month, after which time, if there is evidence of
disease improvement, it is tapered to an alternate-day
schedule and ultimately discontinued, usually by 6–12
months. Splitting the corticosteroid dose (usually to every
8–12 hours) is theoretically more efficacious but also
increases the potential for side effects. This is mainly indi-
cated in hospitalized patients who have severe disease.
Split doses should be consolidated to a single daily morn-
ing dose as soon as possible.

In patients with fulminant vasculitis of small and medium-
sized vessels that poses an immediate threat to life, a more
aggressive approach may be warranted (Figure 111.4). In
such settings, large corticosteroid pulses with methylpred-
nisolone (e.g., 1 g/d for three days) are frequently used. In
addition, the dose of cyclophosphamide can be increased
to 3–4 mg/kg daily for 3 days, then reduced to 2 mg/kg
daily (3). Because such patients are uncommon and are
critically ill, no controlled study has demonstrated the ef-
ficiency of higher doses. Such high-dose therapy does
carry a greater risk for morbidity and mortality, and
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should be reserved for selected patients for whom the
potential benefits are thought to outweigh the risks.
Plasmapheresis is another intervention that is often con-
sidered in the setting of fulminant disease. Although one
study did not find plasmapheresis to be of additional ben-
efit in patients with severe PAN or CSS (13), it has
continued to be used by some in the setting of severe
small-vessel disease or rapidly progressive glomeru-
lonephritis. In the absence of supportive data, the un-
known benefits of this modality must be weighed against
the risks of large-bore vascular catheter insertion and
procedural hemodynamic lability.

Although cyclophosphamide is the cytotoxic agent of
choice in severe disease of small and medium-sized vessels,
it may not be necessary for initial therapy in all settings.
Low-dose weekly methotrexate has been found to be an effec-
tive and less toxic alternative to cyclophosphamide in
patients who do not have immediately life-threatening
disease or in whom cyclophosphamide has been toxic (14).
Although trimethoprim-sulfamethoxazole (TMP/SMX) has
been advocated by some authors to treat WG affecting the
upper and lower airways, progressive disease has also been
noted with such treatment (3). TMP/SMX monotherapy
may have a role in treating isolated disease of the upper
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Consider
• Prednisone 1 mg/kg/day
• Add CYC for:
     progressive disease
     unresponsive disease
     inability to taper prednisone

Considera

• Prednisone 1 mg/kg/day
• MTX started at 15 mg/week,
  increased to 20–25 mg/week within
  first month

Consider:
• Methylprednisolone 1 gram/day x 3
   days. Following this, doses of up to
   4 mg/kg/day may be considered,
   decreasing to 1 mg/kg/day by about
   2 weeks.
• CYC 3–4 mg/kg/day x 3 days then
   decrease to 2 mg/kg day

• Prednisone 1 mg/kg/day
• CYC 2 mg/kg/day

Does patient have fulminant disease immediately threatening to life?
• Pulmonary hemorrhage with respiratory compromise
• Rapidly progressive glomerulonephritis
• Central nervous system disease with declining neurological status
• Life-threatening GI disease

Is small vessel disease present? 

Are any of the following present?
• pO2 <70
• DLCO <70%
• Severe chronic pulmonary disease
• Liver disease
• Ongoing or previous alcohol use
• Proteinuria >1 g/day
• Serum creatinine >1.58 mg/dL
• CNS involvement
• Cardiomyopathy
• GI disease (bleeding, perforation,
  infarction, pancreatitis)

Are any of the following present?
• Proteinuria >1 g/day
• Serum creatinine >1.58 mg/dL
• CNS involvement
• Cardiomyopathy
• GI disease (bleeding, perforation,
   infarction, pancreatitis)

Yes No

Yes No

No Yes Yes

No

Figure 111.4 Algorithm for the initial treatment of primary vasculitis of small and medium-sized
vessels. CYC, cyclophosphamide; MTX, methotrexate; CNS, central nervous system; GI, gastroin-
testinal; PAN, polyarteritis nodosa. Note: In addition to the listed immunosuppressive agents,
therapy should include pneumocystis prophylaxis with 160 mg of trimethoprim and 800 mg of
sulfamethoxazole three times weekly for all patients not allergic to sulfa drugs who are receiving a
cytotoxic agent plus prednisone. Treatment to decrease steroid-induced bone loss should also be
considered. aUse of methotrexate has been studied only in Wegener’s granulomatosis.
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airway, but it is not recommended in the setting of disease
involving the pulmonary parenchyma and should never be
used in patients with glomerulonephritis. Finally, not all
disease manifestations require or respond to systemic im-
munosuppression. For example, WG-related subglottic
stenosis is optimally managed surgically.

At this time there are few disease-specific data for
the treatment of MPA. We recommend a treatment ap-
proach similar to that used in WG because MPA can have
comparably severe manifestations. Any patient with active
small-vessel disease should be managed with daily cy-
clophosphamide and a corticosteroid at the doses dis-
cussed previously and in Figure 111.4, and at higher doses
in patients with fulminant disease.

The retrospective nature of the studies and the lack of
uniform definitions of disease have complicated the deter-
mination of optimal treatment for purely medium-sized
vessel vasculitis (PAN). Analyses of PAN and CSS have
identified five factors associated with increased mortality:
renal insufficiency (creatinine �1.58 mg/dL), proteinuria
(�1 g/d), gastrointestinal disease (bleeding, perforation,
infarction, pancreatitis), cardiomyopathy, and CNS in-
volvement (15). In the presence of any of these factors, ini-
tial therapy should consist of cyclophosphamide (2 mg/kg
daily) in addition to prednisone (1 mg/kg daily). A corti-
costeroid alone can be considered in patients whose dis-
ease manifestations do not pose an immediate threat to life
or critical organ systems, with cyclophosphamide added
later for unresponsive or worsening disease or when the
corticosteroid cannot be tapered (Figure 111.4). A simple
approach (corticosteroid alone for mild-to-moderate dis-
ease; corticosteroid and daily cyclophosphamide for severe
disease) is appropriate for patients with CSS, although ther-
apeutic trials are lacking.

In addition to the immunosuppressive agents, the initial
treatment regimen may also include medications aimed
at preventing treatment complications. Prophylaxis for
Pneumocystis jirovecii (formerly P. carinii) pneumonia with
TMP/SMX (160 mg of trimethoprim and 800 mg of sul-
famethoxazole three times weekly) is important because fa-
tal infections have been observed in vasculitis patients re-
ceiving daily prednisone and a cytotoxic agent. Other
interventions that are often part of the initial treatment reg-
imen include folic acid or calcium leucovorin in the setting
of methotrexate treatment, and medications directed to-
ward the prevention of prednisone-induced osteoporosis.

Indications for Early Consultation
The vasculitides of small- and medium-sized vessels are un-
common diseases that can result in significant morbidity
and mortality. For this reason, consultation with physicians
who frequently care for patients with these diseases should
be sought early in the course of the illness. In addition to
rheumatologists, such consultants may include specialists
in nephrology, otolaryngology, neurology, ophthalmology,
and pulmonary medicine if these systems are involved.

Issues During the Course of Hospitalization

The main issue during hospitalization is often to provide
supportive care and monitoring while diagnostic proce-
dures are performed and treatment is instituted. The rapid-
ity of response to therapy can be influenced by many
individual factors, including sites of involvement, severity
of organ injury, and the presence of other medical prob-
lems. The first 2–4 weeks are a critical time for assessing re-
sponse to treatment and disease progression by following
specific indicators of organ function for each involved site
(e.g., renal function tests for glomerulonephritis, oxygena-
tion and respiratory status for pulmonary disease, and
changes in examination findings for disease affecting the
bowel or nervous system). Some measures of disease activ-
ity (e.g., red cell casts noted on urinalysis or chest infiltrates
or nodules apparent on roentgenograms) may not change
rapidly. Pulmonary abnormalities usually show signs of
improvement by four weeks. Improvement in urine sedi-
ment may take longer, but the serum creatinine should be
stable or improving while the urine sediment is at least sta-
ble. Complete clearing of urinary abnormalities may take
more than 12 months. When the clinical condition of a pa-
tient worsens at the beginning of treatment, one must de-
termine whether the deterioration represents vasculitic dis-
ease that has had insufficient time to respond or another
process that has emerged, such as infection or drug toxicity
(e.g., drug-induced pneumonitis, dermatitis, or hemato-
logic toxicity). If the deterioration is felt to represent active
vasculitis and becomes life-threatening, institution of the
measures discussed above for fulminant disease may be
warranted. In the setting of active vasculitis of small and
medium vessels, new sites of involvement can develop at
any time. It is therefore essential to be vigilant for any new
signs or symptoms of disease.

Discharge Issues

At the time of discharge, it is critical that patients have a
clear comprehension of their medications and follow-up.
Medication issues include understanding the doses, pre-
ferred times to take medications (e.g., single morning doses
for prednisone and cyclophosphamide), and possible side
effects. A thorough understanding of medication toxicities
can most optimally be achieved through a combination of
direct discussion and written materials (Figure 111.2).
Patient-directed literature on immunosuppressive agents is
often available from the pharmacy or support foundations.

Patients require close follow-up to assess the course of
disease, adjust medication doses, and observe for thera-
peutic side effects. Intermittent laboratory studies are
mandatory, both to monitor the disease and to ensure
the safety of medications. While a patient is taking cy-
clophosphamide, these studies are usually performed every
1–2 weeks and should include a complete blood cell count
with differential, measurement of creatinine levels and
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sedimentation rate, and urinalysis with microscopic exam-
ination. In addition to these studies, methotrexate moni-
toring must include liver function tests and measurement
of albumin levels, with laboratory values obtained every
week after dose adjustments and every month thereafter.
The patient may require ongoing outpatient consultation
with multiple specialists, but one physician should be re-
sponsible for adjusting medication doses and monitoring
laboratory parameters.

In our originally published regimen for WG, cyclophos-
phamide was continued for one full year after remission, at
which time it was tapered and discontinued (3). Increasing
evidence has supported an approach whereby cyclophos-
phamide is given until the patient achieves remission
(about 3–6 months in most patients), after which time the
cyclophosphamide is stopped and either methotrexate or
azathioprine are added to maintain remission (16). During
the initial hospitalization, decisions regarding such future
treatment are not required and usually are not possible. In
the outpatient setting, as the patient is serially evaluated
for response to treatment and observed for side-effects,
management options after achievement of remission can be
more fully considered (16).

CENTRAL NERVOUS SYSTEM
VASCULITIS

The CNS is a common target organ in many forms of
systemic vasculitis. The CNS can also be the sole target of
vasculitis, as in isolated or primary angiitis of the central ner-
vous system (PACNS). The clinical manifestations of CNS
vasculitis, including its pace and severity, are highly vari-
able. The rarity of CNS vasculitis, the relative inaccessibility
of CNS tissue, and the lack of specificity of noninvasive
diagnostic techniques further serve to complicate the clini-
cal approach.

Angiitis of the CNS can be classified as primary and
secondary. Primary disease, or PACNS, is a relatively rare
disorder in which vascular inflammation is confined to the
CNS, including the brain and spinal cord and overlying
leptomeninges. This disease has also been referred to as
granulomatous angiitis of the CNS, but it should be noted
that at least 25% of such patients have nongranulomatous
pathology. Secondary vasculitis of the CNS occurs in the
setting of a systemic vasculitis. CNS involvement in this
setting may rarely be the presenting manifestation of an
underlying systemic disease but more often occurs during
the course of established systemic vasculitis. Table 111.5
displays the relative frequency of CNS involvement in the
various systemic vasculitic syndromes (17).

The clinical manifestations of vasculitis of the CNS are
nonspecific and primarily reflect the underlying distribu-
tion of ischemia. Diffuse neurologic dysfunction can
manifest as encephalopathy affecting cognition or level of
consciousness. Focal or multifocal neurologic dysfunction

in the brain or spinal cord can manifest as stroke, seizure,
subarachnoid hemorrhage, or cranial neuropathies (18,
19). The diagnosis of CNS angiitis should be considered
when a neurologic deficit remains unexplained after a thor-
ough evaluation and noninvasive imaging studies suggest
that focal or multifocal ischemia may be responsible.

In the setting of an established systemic vasculitic
syndrome such as PAN, CSS, or WG, the new onset of CNS
dysfunction mandates an evaluation for possible CNS vas-
culitis. The initial priority is to determine whether the CNS
symptomatology represents arteritic involvement of the
CNS or (more commonly) a complication of the underly-
ing disease (i.e., malignant hypertension), effects of drugs
(i.e., steroid psychosis), or secondary infection in the
setting of immunosuppressive therapy. Even more chal-
lenging is the scenario in which CNS angiitis is the initial
clinical manifestation of a systemic vasculitis or the
presenting finding in PACNS.

Diagnosis and Differential Diagnosis

There are no noninvasive tests or blood studies of sufficient
positive predictive value to secure the diagnosis of CNS ar-
teritis. The actual diagnosis of CNS vasculitis relies heavily
on neurologic diagnostic modalities, such as cerebrospinal
fluid analysis; neuroimaging studies, such as computed to-
mography (CT) and magnetic resonance imaging (MRI);
cerebral angiography; and biopsy of CNS tissues.

Analysis of the cerebrospinal fluid is an essential part of
the diagnostic process of both primary and secondary angi-
itis of the CNS. First, it is important to rule out infectious
causes that can mimic CNS angiitis or actually produce a
secondary form of CNS angiitis. A number of invasive
infections of blood vessels can produce multifocal CNS
vascular disease. Examples include syphilis, tuberculosis,
certain fungal infections (e.g., coccidioidomycosis and as-
pergillosis), and infections with viruses (including herpes
agents), rickettsial pathogens, and others. In PACNS, the
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TABLE 111.5
RELATIVE DISTRIBUTION OF CENTRAL
NERVOUS SYSTEM INVOLVEMENT IN SYSTEMIC
VASCULITIC SYNDROMES

Disease CNS involvement

Polyarteritis nodosa ��

Churg-Strauss syndrome �

Wegener’s granulomatosis ��

Lymphomatoid granulomatosis ��

Temporal (giant cell) arteritis �

Takayasu’s arteritis �

Behçet’s disease ��

Hypersensitivity vasculitis �
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cerebrospinal fluid has been found to be abnormal and
have features consistent with chronic meningitis in more
than 90% of patients shown to have this diagnosis histo-
logically (18, 19). Blood tests, such as the identification of
acute-phase reactants and auto-antibodies, are of no value,
and findings are usually normal or negative. No serologic
tests have been shown to have high positive or negative
predictive value for CNS vasculitis.

Findings of CT are normal in more than 50% of patients
with CNS vasculitis. MRI is more sensitive than CT, but it
is not specific in regards to etiology of lesions. Often, mul-
tiple bilateral infarcts of different ages are present in
the cortex, deep white matter, and leptomeninges. MR
angiography is a more recently developed technique for
noninvasive visualization of the cerebral vasculature. Un-
fortunately, at the present time, its spatial resolution allows
visualization only of the larger intracranial blood vessels,
which are generally spared by small-vessel vasculitides.
Collectively, normal cerebrospinal fluid analysis and MRI
findings weigh heavily against, but do not completely ex-
clude, a diagnosis of CNS arteritis.

Cerebral angiography is a technique often used in the
diagnosis of CNS arteritis, but the findings are normal in
more than 50% of cases of biopsy-proven PACNS (18, 19).
The presence of alternating areas of stenosis and ectasia in
multiple vessels in multiple vascular beds is the most spe-
cific finding for CNS arteritis, but unfortunately, even when
present, its specificity is low. Vasospasm caused by drugs,
hemodynamic changes, or degenerative vascular diseases
such as atherosclerosis and fibromuscular disease can com-
pletely mimic these findings. In fact, the most important
disorders to exclude are those associated with reversible
segmental cerebral vasoconstriction, which may mimic
completely the angiographic findings of arteritis. This type
of disorder may be seen in a variety of settings, including
following ingestion of sympathomimetic drugs, in the
post-partum period, in association with severe hyperten-
sion, in the setting of exertional headaches, or in associa-
tion with the so-called “thunderclap headache syndrome.”
It may also occur in an idiopathic form, referred to as benign
angiopathy of the CNS (20). It is clinically important to rec-
ognize these mimics, since immunosupression is to be
avoided.

Biopsy of the CNS is a valuable technique that has a high
degree of sensitivity and specificity. In experienced hands,
CNS biopsies can be performed with minimal morbidity.
Biopsy is rarely needed in suspected cases of secondary CNS
vasculitis; however, it is often essential to secure the diag-
nosis of primary CNS angiitis (PACNS). The preferred
biopsy technique is generally an open biopsy of lep-
tomeninges and underlying cortex taken from the non-
dominant tip of the temporal lobe. When CNS biopsy is
performed, cultures and special stains for occult infectious
agents are essential. Unfortunately, false-negative biopsy
results are seen in up to 20% of patients in whom PACNS
is ultimately documented pathologically.

Collectively, the clinician is left with a series of tests of
varying sensitivities and specificities that must be performed
serially until he or she reaches the decision of whether to
treat or not to treat as CNS angiitis. Table 111.6 lists a
number of conditions that can mimic either the angio-
graphic or pathologic picture of CNS angiitis. These must be
ruled out with certainty before immunosuppressive therapy
is initiated.

Indications for Hospitalization and
Intensive Care Unit Admission

Because the diagnosis of CNS vasculitis cannot be made on
the basis of noninvasive testing, hospitalization is usually
required for sequential clinical evaluations, spinal fluid
analysis, and possibly angiography and CNS biopsy.
Competing diagnoses that generally require therapies other
than immunosuppression need to be ruled out as soon as
possible. The need for ICU admission is determined by the
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TABLE 111.6
CONDITIONS THAT MIMIC THE
ANGIOGRAPHIC OR CLINICAL PICTURE OF
CENTRAL NERVOUS SYSTEM ANGIITIS

Infection
Viral, bacterial, fungal, rickettsial, Lyme disease

Neoplasm
Angioimmunoproliferative disorders
Carcinomatous meningitis
Infiltrating glioma
Malignant angioendotheliomatosis

Drug use
Amphetamines
Ephedrine
Phenylpropanolamine
Cocaine
Ergotamine

Vasospastic disorders
Postpartum angiopathy
Eclampsia
Pheochromocytoma
Subarachnoid hemorrhage
Migraine and exertional headache

Other vasculopathies and mimicking conditions
Fibromuscular dysplasia
Moyamoya disease
Thrombotic thrombocytopenic purpura
Sickle cell anemia
Neurofibromatosis
Cerebrovascular atherosclerosis
Demyelinating disease
Sarcoidosis
Emboli (i.e., subacute bacterial endocarditis, cardiac myxoma,

paradoxical emboli)
Acute posterior placoid pigment epitheliopathy and cerebral

vasculitis
Antiphospholipid antibody syndrome
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patient’s neurologic status.

Indications for Consultation

The successful diagnosis and treatment of CNS angiitis re-
quire a team approach. The team should generally include
a neurologist, an immunologist or rheumatologist, an an-
giographer with an interest in CNS angiitis, a neurosurgeon,
and a neuropathologist with expertise in CNS angiitis.

Prognostic Variables

In our opinion (data are scarce), all symptoms and signs as-
sociated with vasculitic involvement of the CNS should be
viewed as life-threatening and thus warrant aggressive ther-
apy. Previously healthy young women with acute onset of
headache with or without a focal neurologic deficit, normal
or near-normal cerebrospinal fluid, and a high-probability
angiogram for vasculitis may well have benign angiopathy
of the CNS. It is important to avoid overly aggressive and
potentially harmful treatments in such patients.

Treatment

Controlled data regarding treatment of either PACNS or
secondary vasculitis of the CNS do not exist. PACNS that
is chronic and progressive is potentially life-threatening
and warrants aggressive therapy. Empirically derived, effi-
cacious therapy includes a combination of high-dose corti-
costeroid (e.g., 1 mg of prednisone per kilogram daily) and
cyclophosphamide (2 mg/kg daily). After convincing
initial improvement has occurred or progressive illness
has been arrested, corticosteroid doses are tapered. Cy-
clophosphamide therapy is continued for approximately
12 months after the disease has been controlled. Serial eval-
uations of the patient’s clinical status, MRI findings, cere-
brospinal fluid, and at times angiographic findings may be
necessary to gauge the effectiveness of therapy. In patients
with a more benign angiopathic presentation, cautious ob-
servation or a short course of high-dose corticosteroids
(1 mg of prednisone per kilogram daily) for a period of
2–3 months has been advocated. Calcium channel blockers
have also been recommended in such patients based on a
presumed role of vasoconstriction, although evidence for
efficacy is anecdotal.

COST CONSIDERATIONS AND
RESOURCE USE

Because the symptoms and signs of vasculitis are often non-
specific, considerable resources are frequently expended in
evaluating patients before the correct diagnosis is estab-
lished. Moreover, the generalist who suspects vasculitis of-
ten orders a panoply of immunologic and serologic studies
(“rheumatology panel”), and patients are frequently shut-

tled from the office of one consultant to another. It is easy
with vasculitis to be penny-wise and pound-foolish. The
patient with suspected vasculitis is often well served by
hospital admission, early consultation with the relevant
specialists, rapid and focused laboratory, radiographic, and
pathologic evaluation, and prompt initiation of therapy.

KEY POINTS

■ Systemic vasculitis must be distinguished from other
processes that can mimic the signs and symptoms of vas-
culitis (e.g., infections, drug toxicities, and emboli).

■ The workup of patients with suspected vasculitis requires
an integrated, multidisciplinary approach that focuses
on patterns of organ involvement rather than a “shot-
gun” set of immunoserologic studies.

■ While tissue diagnosis is most satisfying in vascultiis, it
may not be required in the setting of classical GCA or
Wegener’s granulomatosis. It is also usually impractical
in the setting of clinically-typical Takayasu’s arteritis,
where the angiogram reveals characteristic features.

■ Therapy for systemic vasculitis generally begins with
high-dose corticosteroids, often supplemented with a cy-
totoxic agent such as cyclophosphamide.

■ Large-vessel vasculitis, such as Takayasu’s or giant cell
arteritis (temporal arteritis), can cause hypertensive or
ischemic damage to target organs and requires rapid
therapy.

■ The vasculitides that affect small and medium vessels
tend to have unique patterns of organ-injury (e.g., lungs,
upper airways, and kidneys in Wegener’s granulomato-
sis), which provides clues for the clinician.
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Acute Presentations of 

Selected Rheumatic 

Disorders
Kenneth H. Fye Kenneth E. Sack

INTRODUCTION

This chapter reviews the acute manifestations of five com-
mon rheumatic disorders: systemic lupus erythematosus,
scleroderma, Sjögren’s syndrome, polymyositis/dermato-
myositis, and rheumatoid arthritis. Although their mani-
festations are remarkably protean (Table 112.1), certain
therapeutic principles are generally applicable.

SYSTEMIC LUPUS ERYTHEMATOSUS

Systemic lupus erythematosus (SLE) is an autoimmune
disorder characterized by the presence of auto-antibodies
and immune complexes (1). The disease generally affects
women of childbearing age; the female-to-male ratio is
approximately 10:1. Among black or Asian women, the
incidence of SLE is 1 in 250, and among white women, it
is 1 in 1,000. SLE has a definite genetic component; the
HLA antigens, HLA-DR2 and HLA-DR3, predispose to
the disorder. Environmental factor(s) may trigger the dis-
ease in genetically susceptible persons, but specific fac-
tor(s) have not yet been identified. Animal studies
demonstrate a direct association between the concentra-
tion of estrogens and severity of disease, supporting the
hypothesis that female hormones have a role in patho-
genesis.

Issues at the Time of Admission

Typical clinical manifestations of the disorder include
arthritis, rash, oral ulcers, pleuritis, pericarditis, psychosis,
seizures, vasculitis, pulmonary disease, anemia, thrombo-
cytopenia, and glomerulonephritis (1, 2). Despite the pro-
tean nature of SLE, most patients can be comfortably
treated on an outpatient basis. Hospitalization is, however,
occasionally required. Acute SLE can resemble an acute in-
fectious process, with hectic fevers, diaphoresis, lym-
phadenopathy, malaise, and lethargy. Generally, patients
with acute systemic disease have an inflammatory, sym-
metric polyarthritis, similar to that seen in rheumatoid
arthritis, and most have a rash. Life-threatening complica-
tions are listed in Table 112.1. Medication-induced side ef-
fects can complicate the initial evaluation of a patient with
SLE. Most patients with active disease take prednisone or
cytotoxic drugs and are therefore susceptible to severe in-
fections with a variety of bacteria, mycobacteria, fungi, or
parasites (3). In addition, the leukopenia, thrombocytope-
nia, or anemia encountered in the patient with acute SLE
can reflect drug-induced marrow suppression and may not
represent hematologic manifestations of the disease.

A high white blood cell count is consistent with ongoing
steroid therapy but should raise the possibility of infection.
The erythrocyte sedimentation rate (ESR) is generally ele-
vated. In patients with nephritis, the urinalysis typically re-
veals proteinuria and active urinary sediment with cellular
or granular casts. Antinuclear antibodies (ANA) in a

112
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TABLE 112.1
COMPLICATIONS OF SELECTED RHEUMATIC DISORDERS THAT MAY REQUIRE HOSPITALIZATION

Systemic lupus Rheumatoid
erythematosus Scleroderma Sjögren’s syndrome PDM arthritis

Cardiovascular • Anti-phospholipid • Severe digital • Anti-phospholipid • Cardiomyopathy with • Constrictive
antibody syndrome ischemia antibody syndrome arrhythmias and pericarditis or 

• Coronary arteritis • Constructive congestive failure cardiac
• Pericarditis pericarditis • Pericarditis tamponade

• Restrictive
cardiomyopathy

• Cardiac arrhythmias
or ischemia

Pulmonary • Pulmonary • Severe interstitial lung • Severe interstitial lung • Severe interstitial lung • Pleural effusion
hemorrhage disease disease disease • Interstitial

• Pulmonary • Recurrent aspiration pneumonitis
hypertension • Interstitial

fibrosis
• Pulmonary

hypertension
• Bronchiolitis

obliterans
Gastrointestinal • Vasculitis • Bowel pseudo- • Autoimmune liver • Dysphagia • Vasculitis

• Protein-losing obstruction disease
enteropathy • Malabsorption • Pancreatitis

• Malabsorption
Renal • Nephritis, often with • Renal crisis, often with • Interstitial nephritis • Amyloidosis

acute renal failure severe hypertension
Neurologic • CNS disease, including • Demyelinating disease • Cervical 

seizures, stroke, of spinal cord or CNS myelopathy
psychosis • Peripheral neuropathy • Compressive 

• Transverse myelitis peripheral
neuropathies

Hematologic/ • Hematologic crisis • Microangiopathic • Generalized histiocytic • Complications of an • Increased 
oncologic (including Coombs hemolytic anemia lymphoma associated malignancy incidence of

antibody-mediated or • Waldenstrom’s lymphoma
microangiopathic macroglobulinemia
hemolytic anemia,
immune leukopenia,
or thrombocytopenia)

Other • Overwhelming • Necrotizing vasculitis • Severe flare in
systemic disease (particularly during joint disease

• Vasculitis childhood) • Active vasculitis
• Overwhelming muscle • Felty’s

weakness syndrome

CNS, central nervous system; PDM, polymyositis/dermatomyositis.

homogenous or peripheral immunofluorescent pattern are
associated with elevated levels of anti–double-stranded
DNA antibodies. Patients with pulmonary disease may have
a speckled ANA pattern, reflecting anti-Sm (Smith antigen)
antibodies. Decreased complement levels reflect a combi-
nation of increased utilization (increased amounts of circu-
lating immune complexes) and decreased production of
complement components by the liver. The combination of
increasing concentrations of anti–double-stranded DNA
antibodies and decreasing levels of serum complement is
suggestive of increased disease activity. Measurement of
serum creatinine, blood urea nitrogen, liver enzymes, and
blood gases, in addition to chest radiography, help deter-
mine the extent of end-organ involvement. Admission

blood and urine cultures help rule out superimposed
infection. Lumbar puncture, magnetic resonance imaging,
or cerebral angiography may be necessary to evaluate cen-
tral nervous system manifestations. A history of deep ve-
nous thrombosis, arterial occlusive disease, or recurrent fe-
tal wastage in a lupus patient suggests the anti-phospholipid
antibody syndrome. Screening studies for this potentially hy-
percoagulable state include the anti-cardiolipin antibody
assay, Russell viper venom time, prothrombin and partial
thromboplastin times, and rapid plasma reagent test. Often,
only one or two of these tests are positive (Chapter 98).

Therapy of SLE depends on the extent and severity of tar-
get-organ involvement. Outpatients may require only fast-
acting nonsteroidal anti-inflammatory agents for control of
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arthritis. Hydroxychloroquine is effective treatment for the
arthritis, rash, and pleuropericarditis of SLE. Patients with
more severe disease, such as those with severe constitutional
manifestations or hematologic disease, may respond ade-
quately to high-dose corticosteroid therapy. In critically ill
patients, pulse intravenous (IV) methylprednisolone (Solu-
Medrol) (1,000 mg/d) can be administered on each of three
consecutive days, following which the patient should be
switched to 60–80 mg of prednisone (or the IV equivalent)
per day. Life-threatening complications of disease, such as
acute lupus nephritis, vasculitis, or cerebritis, require the use
of cytotoxic therapy. IV pulse cyclophosphamide (1,000 mg/m2,
given once a month for 6 months and then every 3 months
for an additional 18 months) is the current cytotoxic regi-
men of choice. However, other cytotoxic agents, such as aza-
thioprine, mycophenolate mofetil, methotrexate, cy-
closporine, and chlorambucil, have been used with success.
With treatment, acute clinical manifestations of the disease
should improve during a period of days to weeks. Hemato-
logic studies, determination of the ESR, complement levels,
anti–double-stranded DNA titers, and, if the kidneys are af-
fected, creatinine and blood urea nitrogen levels and urinal-
ysis, are helpful in monitoring the activity of disease.

Issues During the Course of Hospitalization

The major issues involve excluding infection, assessing the
response to therapy, and monitoring for noninfectious
complications of therapy. Occult infection is always the
major concern in patients who do not respond appropri-
ately to therapy. Subacute bacterial endocarditis, meningi-
tis, pneumonia, pyelonephritis, and septic arthritis can all
mimic acute SLE. In addition, the use of powerful im-
munosuppressive agents can significantly increase the pos-
sibility of nosocomial infection. Concomitant infection is
particularly worrisome in patients with active disease and
low complement levels who receive corticosteroid and cy-
totoxic therapy. In patients who initially respond to ther-
apy but in whom fever then recurs, a leukocytosis might
suggest an intercurrent infection, whereas leukopenia
would be most consistent with worsening SLE. Unfortu-
nately, high-dose corticosteroid therapy can cause a leuko-
cytosis in the absence of infection, and cytotoxic drugs can
cause marrow suppression with leukopenia even in the face
of overwhelming sepsis.

Discharge Issues

Patients with SLE are not cured when they are discharged
from the hospital (1, 4). Generally, they still have active
disease and are typically taking oral corticosteroids or cyto-
toxic drugs (see Figure 111.2 for sample discharge instruc-
tions). Discharge plans must include close follow-up with
the patient’s primary physician. A rheumatologist should
be involved in the continuing care of patients ill enough to
require hospitalization.

SCLERODERMA

Scleroderma is a clinically heterogeneous disorder of con-
nective tissue characterized by excessive fibrosis in the skin
and internal organs (5). Manifestations range from skin
thickening confined to the distal extremities and face, with
limited internal organ involvement (limited scleroderma), to
widespread skin thickening, often with life-threatening in-
ternal organ involvement (diffuse scleroderma). Localized
scleroderma (morphea, linear scleroderma) is a benign con-
dition that does not affect other organs.

The estimated prevalence of scleroderma is about 200
cases per 1 million population (6). The incidence is low in
children and men under age 30 but increases steadily with
age, peaking in the fourth through sixth decades. As with
other connective tissue diseases, women are affected more
often than men (female-to-male ratio of 3:1). Young black
women are at highest risk.

The cause of scleroderma is unknown. Familial cases are
rare, and there is no strong association with any of the
major histocompatibility loci. Evidence is growing, how-
ever, for an immune-mediated process that may trigger
fibroblast proliferation and collagen biosynthesis. Tissue
ischemia can occur early as a result of microvascular
endothelial cell injury.

Systemic scleroderma, whether limited or diffuse, has
potentially life-threatening complications. Rarely, patients
may present with internal organ involvement (e.g., renal
crisis) without obvious skin involvement (systemic sclerosis
sine scleroderma) (Table 112.2).

Issues at the Time of Admission and
During Hospitalization

Scleroderma is usually treated in the outpatient setting. Oc-
casionally, however, digital infarction or severe involve-
ment of the lungs, heart, kidneys, or gastrointestinal tract
necessitate hospitalization.

Severe ischemia of the digits in patients with Raynaud’s
phenomenon may cause gangrene of the fingers or toes. In
such patients, it is essential to provide a warm hospital en-
vironment, discourage cigarette smoking, and discontinue
the use of potentially vasoconstrictive drugs (e.g., �-block-
ers, pseudoephedrine). Control of pain, application of top-
ical antiseptics, and protection of the digits from trauma
are the cornerstones of management. There is no good evi-
dence that vasodilating modalities (i.e., drugs or sympa-
thectomy), anticoagulants, or platelet inhibitors improve
outcome. Surgical removal of the affected digit is rarely nec-
essary. In most instances, the ischemic area demarcates and
the necrotic tissue eventually sloughs, leaving a substantial
portion of viable digit.

Dry cough and dyspnea on exertion, along with bilateral
basilar late inspiratory crackles, often indicate interstitial
lung disease. Pulmonary hypertension can be an isolated
manifestation of limited scleroderma or develop as a result
of advanced pulmonary fibrosis (Table 112.2). A palpable
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parasternal heave, a split-second heart sound with a loud
pulmonary component, a right-sided S3 or S4 gallop, and a
murmur of tricuspid insufficiency are all physical findings
typical of pulmonary hypertension. Hemoptysis in a pa-
tient with scleroderma should prompt a search for endo-
bronchial telangiectasia.

A decreased diffusion capacity for carbon monoxide
(DLCO) is an early indicator of either interstitial or vascu-
lar lung disease. A restrictive pattern on pulmonary func-
tion tests, or bilateral basilar linear, nodular, or honey-
comb infiltrates on chest radiography, suggest interstitial
involvement. “Ground glass” opacities on high-resolution,
thin-section computed tomography correlate with intersti-
tial inflammation and indicate the need for corticosteroids
or immunosuppressive agents (i.e., azathioprine, cy-
clophosphamide). Advanced pulmonary hypertension un-
responsive to immunosuppressive therapy can occur in pa-
tients with scleroderma. More information on the
pulmonary manifestations of scleroderma can be found in
Chapter 57, and the diagnosis and management of pul-
monary hypertension are described in Chapter 59.

Cardiac manifestations of scleroderma include constrictive
pericarditis, restrictive cardiomyopathy, arrhythmias, and
small-vessel coronary artery disease. Although there are no
specific treatments for the cardiac involvement, calcium
channel blockers may increase myocardial perfusion.

Scleroderma renal crisis manifests as a sudden rise in blood
pressure or rapid deterioration in renal function, often ac-
companied by hemolytic anemia. It occurs most often in pa-
tients with diffuse scleroderma, particularly those with
rapidly progressive cutaneous thickening early in the
course. Occasionally, renal disease develops before skin
changes are clearly visible. The use of high-dose systemic
corticosteroids can precipitate renal crises in scleroderma
patients. Urinalysis often shows proteinuria (usually
�2.5 g/24 h), microscopic hematuria, and granular casts.

Markedly increased plasma renin activity is the rule. Renal
histopathology shows intimal thickening in interlobular ar-
teries in addition to adventitial and peri-adventitial fibrosis.
The prompt use of angiotensin-converting enzyme inhibitors in
the treatment of renal crisis has dramatically improved sur-
vival and reduced the need for prolonged dialysis (7).

The gastrointestinal tract is involved in almost all patients
with scleroderma (8). Esophageal abnormalities are com-
mon and include decreased or absent peristalsis in the
distal esophagus and reduced pressure in the lower
esophageal sphincter, resulting in dysphagia, chest pain,
and, in severe cases, recurrent aspiration.

Involvement of the small bowel can alter peristalsis,
with the development of intestinal stasis and eventual di-
latation, leading to pseudo-obstruction, bacterial over-
growth, and malabsorption. Proton-pump inhibitors may
also predispose to bacterial overgrowth. Radiographic stud-
ies of the small bowel typically show dilatation of the duo-
denum and jejunum, prolonged transit time, sacculations,
and packing of valvulae (a unique radiographic finding
termed “hidebound” small bowel). Large-bowel involvement
manifests as a dilated colon without haustra, sometimes
associated with wide-mouthed diverticula along the an-
timesenteric border. Anorexia, early satiety, nausea, vomit-
ing, abdominal distention, diarrhea, or constipation
should prompt imaging studies of the gastrointestinal tract.
Pneumatosis cystoides intestinalis occasionally complicates
scleroderma, possibly because excessive hydrogen produc-
tion by intestinal bacteria reduces the partial pressure of ni-
trogen in the intestinal wall to less than that of venous
blood. Thus, gas cannot be reabsorbed and accumulates in
the tissues.

Prokinetic agents, such as metoclopramide, domperi-
done, low-dose octreotide, and erythromycin, can provide
symptomatic benefit in some patients with intestinal
involvement. The combination of octreotide and
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TABLE 112.2
SUBTYPES OF SCLERODERMA

Type Clinical characteristics Auto-antibodies Major complications

Limited scleroderma Raynaud’s phenomenon for years; Anticentromere antibodies Pulmonary hypertension
skin involvement limited to hands, (ACA), 50–60%; anti-DNA
forearms, face, feet; variable topoisomerase I (Scl-70)
presence of telangiectasia, antibodies, 10%
cutaneous calcifications, esophageal
dysmotility

Diffuse scleroderma Onset of puffy or hidebound skin Anti-Scl-70, 30–40%; ACA, 5% Pulmonary fibrosis, renal crisis,
within one year of onset of Raynaud’s; diffuse gastrointestinal
truncal and extremity skin involvement
involvement; tendon friction rubs;
esophageal dysmotility

Systemic sclerosis sine Raynaud’s; no skin involvement May have antinuclear Renal, gastrointestinal, or
scleroderma antibodies myocardial disease

Localized scleroderma Morphea, linear scleroderma May have antinuclear Coup de sabre deformity
antibodies (linear scleroderma over

the scalp or forehead)
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erythromycin can be particularly effective. Antimicrobial
agents may be necessary to treat bacterial overgrowth. In-
testinal pseudo-obstruction requires bowel rest and decom-
pression with a nasogastric or small-bowel suction tube.

Discharge Issues

Local protection and antisepsis are crucial until the necrotic
tissue of gangrenous digits demarcates and sloughs. Pre-
vention of further ischemia by controlling Raynaud’s phe-
nomenon is equally important. Treatment techniques
include staying warm (gloves, hat, appropriate socks and
undergarments, and hand soaks); avoiding nicotine, caf-
feine, and vasoconstricting medicines; and using vasodilat-
ing agents, such as calcium channel blockers. Nifedipine is
one of the most effective vasodilators, but it can relax the
lower esophageal sphincter and worsen reflux symptoms.
Diltiazem, although not as potent a vasodilator, has little
effect on the lower esophageal sphincter. Angiotensin-
converting enzyme inhibitors may also be beneficial.

Evidence of active interstitial lung inflammation on
high-resolution, thin-section computed tomography man-
dates prolonged therapy with corticosteroids and immuno-
suppressives. Pulmonary fibrosis will not respond to such
therapy. Most vasodilators are ineffective in the long-term
treatment of pulmonary hypertension, but IV prostacyclin
can reduce pulmonary artery pressure over extended peri-
ods (Chapters 57 and 59). Bosentan, an oral endothelin
antagonist, is also effective in the treatment of pulmonary
hypertension (9).

Although aggressive treatment with any antihypertensive
agent would likely prove effective in treating scleroderma re-
nal crisis, angiotensin-converting enzyme inhibitors have
become the mainstay of both the short- and long-term man-
agement of this disorder and its associated microangio-
pathic hemolytic anemia. The target blood pressure should
be less than 140/90 mm Hg.

The long-term management of scleroderma bowel can
be challenging and often requires the expertise of an expe-
rienced gastroenterologist.

SJÖGREN’S SYNDROME

Sjögren’s syndrome is an autoimmune disorder defined
pathologically by mononuclear cell infiltration of exocrine
glands throughout the body (10). There is a strong associa-
tion between Sjögren’s syndrome and the HLA-DR3 gene.
The female-to-male ratio is above 10:1. Environmental fac-
tor(s) may trigger the disease in genetically-susceptible per-
sons. Manifestations of the disease reflect dysfunction of
exocrine glands, with a decrease in the secretions that in-
terface between the body and the external environment.
The major complaint is that of dryness of mucocutaneous
surfaces throughout the body. Half the patients with Sjö-
gren’s syndrome have no other rheumatologic problems. In
others the syndrome occurs in association with some other

autoimmune disorder, such as SLE, rheumatoid arthritis,
scleroderma, dermatomyositis, or autoimmune thyroiditis.
Extraglandular manifestations of Sjögren’s syndrome may
necessitate hospitalization.

Issues at the Time of Admission

Severe pulmonary involvement by Sjögren’s syndrome,
including lymphocytic interstitial pneumonitis and intersti-
tial fibrosis, can lead to restrictive lung disease and respiratory
failure (Chapter 57) (11). Inadequate airway secretions in-
crease the susceptibility of the patient to sinusitis, bronchitis,
and pneumonia. Gastrointestinal manifestations include
pancreatitis, malabsorption syndrome, primary biliary cir-
rhosis, and chronic active hepatitis. The typical renal lesion is
interstitial nephritis, with decreased concentrating ability,
potassium wasting, glycosuria, and renal tubular acidosis.
Glomerulonephritis and renal failure can rarely occur. Cen-
tral nervous system involvement in Sjögren’s syndrome in-
cludes abnormalities of white matter (seen on magnetic res-
onance imaging) associated with cognitive defects and
(rarely) a demyelinating process, reminiscent of multiple
sclerosis. Peripheral neuropathies may reflect vascular occlu-
sive disease, caused either by inflammatory vasculitis or by an
obliterative vasculopathy related to the presence of anti-
phospholipid antibodies. A rare patient will present with a
symptom complex of fever, salivary gland enlargement, lym-
phadenopathy, and hepatosplenomegaly. The major differ-
ential diagnosis in these patients with the “pseudolymphoma”
of Sjögren’s syndrome is true generalized histiocytic lym-
phoma. The best way to distinguish pseudolymphoma from
true lymphoma is through biopsy of affected tissues. The anti-
phospholipid antibody syndrome is a consideration in pa-
tients with arterial or venous occlusive disease or with a his-
tory of multiple miscarriages.

Typical laboratory abnormalities include an elevated
ESR, a positive rheumatoid factor or ANA assay, positive
anti-SSA or anti-SSB antibody determinations, and poly-
clonal or monoclonal hypergammaglobulinemia. Anemia,
abnormal urinalysis findings, abnormal renal or liver
function, or hypoxemia may occur, depending on end-
organ involvement. A prolonged partial thromboplastin
time, a false-positive rapid plasma reagent test result, a pro-
longed Russell viper venom time, or the presence of anti-
cardiolipin antibodies may reflect the anti-phospholipid an-
tibody syndrome. Chest radiography, pulmonary function
testing, magnetic resonance imaging of the central nervous
system, electroencephalography, or electrocardiography can
help to assess disease activity in individual patients.

Although hydroxychloroquine and fast-acting non-
steroidal antiinflammatory agents may be of value in the
outpatient treatment of Sjögren’s syndrome, high-dose corti-
costeroids are necessary in life-threatening extraglandular
disease. Pulse methylprednisolone (1,000 mg IV on each of
three consecutive days) is indicated in both interstitial
lymphocytic pneumonitis with respiratory failure and in
acute demyelinating disease of the central nervous system.
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Patients who do not respond or in whom unacceptable
side effects of corticosteroid therapy develop may require
therapy with cytotoxic agents such as azathioprine,
mycophenolate mofetil, methotrexate, cyclosporine, or
cyclophosphamide.

Issues During the Course of Hospitalization

High-dose corticosteroids and cytotoxic drugs can predis-
pose to secondary infection, and nosocomial pneumonia
can complicate the course of Sjögren’s interstitial pneumoni-
tis. Rupture of a colonic diverticulum or acute pyelonephritis
might confuse the picture in patients with pancreatitis. Sec-
ondary meningitis or epidural abscesses are infectious prob-
lems that can obscure the response to treatment of the cen-
tral nervous system manifestations of Sjögren’s syndrome.

Patients with extraglandular disease that does not re-
spond appropriately to therapy may have a malignancy.
Generalized histiocytic lymphoma and Waldenström’s
macroglobulinemia both occur more frequently in patients
with Sjögren’s syndrome. Such malignancies may be her-
alded by falling ANA or rheumatoid factor titers, and by a ris-
ing ESR. Hyperviscosity syndrome in a patient with Sjögren’s
syndrome is also suggestive of Waldenström’s macroglobu-
linemia. Diagnosis depends on biopsy of involved tissues
(e.g., lymph nodes, salivary glands, or bone marrow).

Discharge Issues

Sjögren’s syndrome is not curable, but symptoms can be
controlled. The hospital physician must ensure that dis-
charge medicines are appropriate (Figure 111.2) and that
expeditious follow-up care is arranged with the patient’s
rheumatologist and primary care physician.

POLYMYOSITIS/DERMATOMYOSITIS

Idiopathic polymyositis is an inflammatory disease of stri-
ated muscle defined by proximal muscle weakness, ele-
vated serum creatine phosphokinase or aldolase, typical
electromyographic changes, and abnormal findings on
muscle biopsy. Dermatomyositis differs histologically from
polymyositis, manifests cutaneous lesions, and may have a
higher association with malignancies (12). Nonetheless,
we will refer to both entities in this chapter as polymyosi-
tis/dermatomyositis (PDM). The incidence of PDM in the
general population is approximately 1 in 250,000. Women
are affected twice as often as men. Although outpatient
management suffices for most patients, certain complica-
tions of PDM necessitate hospitalization.

Issues at the Time of Admission

Overwhelming proximal muscle weakness often warrants
hospital admission. A patient with severe disease may be
completely bedridden, unable even to lift his or her head

off the pillow. Involvement of the striated muscles of the
oropharynx and upper third of the esophagus may cause
severe dysphagia and dysphonia and increase the risk for
aspiration (Chapter 79). Weakness of the muscles of respi-
ration can produce ventilatory insufficiency. Interstitial
pneumonitis and fibrosis occasionally accompany PDM
and can lead to restrictive lung disease and respiratory fail-
ure (Chapter 57). Cardiac involvement in PDM can cause
conduction defects (with sometimes fatal dysrhythmias),
congestive heart failure, and pericarditis. Systemic necrotiz-
ing vasculitis occurs in childhood PDM but rarely in adults
with PDM. The incidence of cancer appears to be increased
in PDM, particularly in children and in adults over 50 years
of age. The initial screening evaluation for occult malig-
nancy should be age appropriate, and include a careful
physical examination, routine blood and urine studies, se-
rial stool Hemoccult tests, and chest radiography.

In addition to elevated creatine phosphokinase and
aldolase levels, typical laboratory abnormalities might
include an elevated ESR and a positive ANA assay result.
Anti-synthetase (Jo1) antibodies tend to be associated with
severe, progressive PDM with pulmonary involvement.

High-dose corticosteroid therapy, including pulse
methylprednisolone (1,000 mg IV on each of three consec-
utive days), is effective in treating the complications of
severe PDM. Cytotoxic agents, particularly methotrexate,
mycophenolate mofetil, or azathioprine, may benefit
patients who do not respond to corticosteroids. Newer
therapies for recalcitrant disease include IVIG or the TNF�

antagonists, such as etanercept or infliximab (13).

Issues During the Course of Hospitalization

Many patients with severe disease respond slowly to therapy,
so corticosteroids should be tapered gradually. Cytotoxic
therapy is necessary if an adequate trial of corticosteroids has
failed, if unacceptable side effects have developed, or if the
patient has rapidly progressive, overwhelming disease. Fail-
ure to respond to therapy should alert the clinician to the
possibility of nosocomial infection or occult malignancy. An
occasional patient with PDM responds poorly to all thera-
pies and has a poor long-term prognosis.

Discharge Issues

In general, patients with severe PDM will still be signifi-
cantly symptomatic at discharge. They are usually weak and
may have persistent respiratory insufficiency. Chronic dys-
phagia, dysphonia, and aspiration are troublesome mani-
festations that put the patient at constant risk for repeated
hospitalization. Many patients require a vigorous program
of physical therapy, ongoing home nursing, and careful
monitoring by a physician. Some require alternatives to
oral feeding (Chapter 15). The response to treatment is of-
ten agonizingly slow, and most patients must undergo
long-term therapy with systemic corticosteroids, cytotoxic
agents, or both (Figure 111.2). Persistent weakness in the
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proximal lower extremities may reflect steroid myopathy
rather than ongoing inflammatory disease.

RHEUMATOID ARTHRITIS

Rheumatoid arthritis is an inflammatory, symmetric, ero-
sive polyarthritis with prominent involvement of small
proximal joints of the upper and lower extremities (14). It
affects approximately 7 million Americans, generally be-
tween the ages of 20 and 50, with a female-to-male ratio of
4:1. Although arthritis is the cardinal manifestation of this
condition, virtually every organ system can be affected.
Negative prognostic signs in rheumatoid arthritis include
seropositivity for rheumatoid factor, involvement of multi-
ple joints within six months of onset, persistent elevation
of acute-phase reactants (e.g., ESR or C-reactive protein),
early erosive disease, a history of tobacco abuse, and lack of
formal education.

Issues at the Time of Admission and During
Hospitalization

Patients experiencing a severe flare in disease activity fre-
quently improve during hospitalization, even without a
change in pharmacologic therapy, probably because of
both physical and emotional rest. Although bed rest may
relieve joint symptoms, early institution of physical ther-
apy (including active range-of-motion exercises, muscle
strengthening, and ambulation) is critical to maintaining
joint function.

Extraarticular manifestations are common in patients
with seropositive rheumatoid arthritis. Rheumatoid nod-
ules tend to develop over the extensor surfaces of the el-
bows and forearms, but they can be seen over any pressure
point or in internal organs, such as the heart and lungs.

Ocular involvement is common in rheumatoid arthritis.
Episcleritis manifests as localized hyperemia, usually near
the limbus, and is associated with only mild discomfort. Al-
though it tends to be self-limited, some patients require top-
ical corticosteroids to control inflammation. Scleritis and
scleronodular disease involve deeper ocular tissues, tends to
be painful, and can lead to blindness if untreated. Proper
management includes corticosteroids or cytotoxic agents.
Corneal ulcers are usually caused by obliterative vasculopa-
thy. The management of all these serious eye manifestations
requires the expertise of an ophthalmologist.

Keratoconjunctivitis sicca associated with Sjögren’s syn-
drome is the most common ocular finding in rheumatoid
arthritis. Patients typically complain of a foreign body sen-
sation, but in severe cases photophobia and deep eye pain
may occur. Symptoms are usually relieved by the liberal use
of artificial tears and an ophthalmologic gel. The decreased
salivary flow of Sjögren’s syndrome can cause discomfort
and predisposes patients to severe dental caries and oral
candidiasis. The former can be managed by meticulous oral
hygiene and frequent dental evaluation, and the latter re-

sponds to a nystatin vaginal tablet dissolved in the mouth
for 20–30 minutes two or three times a day.

Pleuropulmonary involvement occurs in up to 50% of pa-
tients with rheumatoid arthritis. Pleural disease, which is fre-
quently asymptomatic, occurs more commonly in men than
in women and occasionally precedes the onset of arthritis.
Pleural effusions are typically exudative, with high protein
and low glucose concentrations (Chapter 60). Spontaneous
resolution is the rule, but systemic corticosteroids are some-
times needed to treat recalcitrant pleuritis. Interstitial disease,
including lymphocytic pneumonitis or pulmonary fibrosis,
can lead to respiratory failure but may be asymptomatic,
manifesting only as restriction or decreased diffusion on pul-
monary function tests (Chapter 57). Cigarette smoking pre-
disposes to interstitial involvement, particularly among men.
Patients with active interstitial inflammation may require
corticosteroid or immunosuppressive therapy. Less common
pulmonary manifestations include nodular lung disease
(sometimes with cavitation), obliterative bronchiolitis,
bronchiectasis, spontaneous pneumothorax, amyloidosis,
vasculitis, and pulmonary hypertension. Synovitis of the
cricoarytenoid joints may, in addition to pain, dysphagia,
and hoarseness, produce stridor and dyspnea. Pulmonary
disease can also result from treatment with certain an-
tirheumatic drugs, especially methotrexate.

Cardiac lesions are common in rheumatoid arthritis, but
symptoms are unusual. Pericarditis occurs in 40% of pa-
tients, especially in those who are seropositive (Chapter
46). Tamponade and constriction are rare. Other cardiac
manifestations include coronary arteritis, which is typically
asymptomatic, and the formation of rheumatoid nodules,
occasionally causing valvular dysfunction or conduction
abnormalities.

A small-vessel vasculitis occurs in 30% of seropositive
patients; a cutaneous arteritis causing malleolar ulcers
occurs in 10%; and a medium-sized vessel arteritis
reminiscent of polyarteritis nodosa manifests in 2%.
Medium-sized artery vasculitis occurs most commonly in
seropositive men who have had rheumatoid arthritis for
more than 10 years and who have a history of tobacco
use. Characteristic skin lesions (e.g., petechiae, purpura,
necrotic ulcers), peripheral neuropathy, severe abdominal
pain, and unexplained weight loss can all be the initial
presenting manifestation of rheumatoid vasculitis (Chapter
111). Neuropathic patterns of rheumatoid vasculitis range
from a symmetric sensory or sensorimotor polyneuropa-
thy to mononeuritis multiplex. Biopsy of affected tissue
may be necessary to confirm the diagnosis. Glucocorti-
coids or immunosuppressive agents are indicated for all
but the most mildly affected patients with rheumatoid
vasculitis.

Entrapment neuropathies are common in patients
with long-standing seropositive rheumatoid arthritis.
Such processes may result from subluxations of cervical
vertebrae (particularly C-1 and C-2), impingement by
proliferative synovial tissues (e.g., carpal tunnel syn-
drome), or amyloid deposits.
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The most common hematologic abnormality in patients
with rheumatoid arthritis is a normocytic, normochromic
anemia secondary to decreased red cell production. A nor-
mal or elevated serum ferritin level helps distinguish this
form of anemia from that of iron deficiency. This “anemia
of chronic inflammation” responds to subcutaneous injec-
tions of erythropoietin, but such therapy is rarely necessary.
Eosinophilia is sometimes seen in patients with severe ex-
traarticular disease. A patient with rheumatoid arthritis,
hepatosplenomegaly, and neutropenia (sometimes with
anemia or thrombocytopenia) may have Felty’s syndrome.
This rare but potentially life-threatening complication usu-
ally occurs in seropositive patients with severe, but often
quiescent, arthritis and extraarticular disease. The major se-
quelae of Felty’s syndrome include cutaneous vasculitis
with malleolar ulcers, recurrent infections, and, rarely,
nodular hyperplasia of the liver with portal hypertension
and esophageal varices. The initial treatment of Felty’s syn-
drome is directed at controlling the rheumatoid process
with aggressive therapy—typically including cortico-
steroids and immunosuppressive agents. Granulocyte-
macrophage colony-stimulating factor and related agents
can increase neutrophil counts but have a limited duration
of action, are expensive, and cause considerable side effects.
Splenectomy has been advocated in patients with chronic
or recurrent infections, but there is no convincing evidence
that it provides any long-term benefit.

Renal disease is more commonly a result of drug toxicity
than a direct consequence of the underlying rheumatoid
arthritis. However, amyloidosis, a complication of long-
standing rheumatoid disease, can cause proteinuria.
Mesangial glomerulonephritis is a rare manifestation of
the rheumatoid process and can cause proteinuria and
hematuria.

Discharge Issues

Many patients will experience a mild flare in their arthritis
within a few days of discharge. This is probably related, in
part, to the increased stress that comes with returning to the
home environment. Warning them of this phenomenon,
recommending extra rest, and making appropriate adjust-
ments in medication (Figure 111.2) will help patients deal
with this flare. The patient should consult his or her pri-
mary care physician within a few weeks of discharge. The
urgency of subspecialty follow-up depends on the nature
and extent of the rheumatoid complications.

KEY POINTS

■ In treating autoimmune disease, use aggressive therapy
with corticosteroids, cytotoxic agents, or both before ir-
reversible organ failure occurs.

■ Always rule out infection in patients who present
with what appears to be an autoimmune disorder and in
autoimmune patients whose disease appears to be flaring.

■ The side effects of immunomodulatory therapy can
themselves be life-threatening.

■ Corticosteroids are generally the first-line drugs in the
treatment of significant autoimmune disease.

■ Cytotoxic therapy is indicated for patients in whom the
response to corticosteroids is inadequate or for those in
whom unacceptable side effects of corticosteroid therapy
have developed.

■ The complications of disease need to be treated as
aggressively as the primary pathogenetic process (e.g.,
anticoagulants are required in the treatment of 
anti-phospholipid antibody syndrome, and antihyper-
tensive drugs are crucial in the treatment of sclero-
derma crisis).

REFERENCES

1. Ruiz-Irastorza G, Khamashta M, Castellino G, Hughes G. Systemic
lupus erythematosus. Lancet 2001;357:1027–1032.

2. Cervera R, Khamashta MA, Font J, et al. Systemic lupus erythe-
matosus: clinical and immunologic patterns of disease expression
in a cohort of 1,000 patients. Medicine 1993;72:113–124.

3. Kang I, Park SH. Infectious complications in SLE after immuno-
suppressive therapies. Curr Opin Rheumatol 2003;15:528–534.

4. Ward MM, Pyun E, Studenski S. Long-term survival in systemic lu-
pus erythematosus. Patient characteristics associated with poorer
outcomes. Arthritis Rheum 1995;38:274–283.

5. Ferri C, Valentini G, Cozzi F, et al. Systemic sclerosis. Demo-
graphic, clinical, and serologic features and survival in 1,012 Ital-
ian patients. Medicine 2002;81:139–153.

6. Mayes M, Lacey J, Beebe-Dimmer J, et al. Prevalence, incidence,
survival, and disease characteristics of systemic sclerosis in a large
U.S. population. Arthritis Rheum 2003;48:2241–2255.

7. Steen V, Medsger T. Long-term outcomes of scleroderma renal cri-
sis. Ann Intern Med 2000;133:600–603.

8. Abu-Shakra M, Guillemin F, Lee P. Gastrointestinal manifesta-
tions of systemic sclerosis. Semin Arthritis Rheum 1994;24:29–39.

9. Rubin LJ, Badesch DB, Barst RJ, et al. Bosentan therapy for pul-
monary arterial hypertension. N Engl J Med 2002;346:896–903.

10. Garcia-Carrasco M, Ramos-Casals M, Rosas J, et al. Primary Sjö-
gren syndrome. Clinical and immunologic disease patterns in a
cohort of 400 patients. Medicine 2002;81:270–280.

11. Constantopoulos SH, Tsianos EV, Moutsopoulos HM. Pulmonary
and gastrointestinal manifestations of Sjögren’s syndrome. Rheum
Dis Clin North Am 1992;18:617–635.

12. Maoz CR, Langevitz P, Livneh A, et al. High incidence of malig-
nancies in patients with dermatomyositis and polymyositis: an
11-year analysis. Semin Arthritis Rheum 1998;27:319–324.

13. Kalden JR. Emerging role of anti-tumor necrosis factor therapy in
rheumatic diseases. Arthritis Res 2002;(4 Suppl 2):534–540.

14. Lee D, Weinblatt M. Rheumatoid arthritis. Lancet 2001;358:
903–911.

ADDITIONAL READING

Cervera R, Khamashta MA, Font J, et al. Morbidity and mortality in
systemic lupus erythematosus during a 10-year period: a compari-
son of early and late manifestations in a cohort of 1,000 patients.
Medicine (Baltimore) 2003;82:299–308.

Dalakas MC, Hohlfeld R. Polymyositis and dermatomyositis. Lancet
2003;362:971–982.

Klippel JH, ed. Primer on the Rheumatic Diseases, 12th ed. Atlanta:
Arthritis Foundation, 2001.

Koopman WJ, ed. Arthritis and Allied Conditions, 14th ed. Philadelphia:
Lippincott Williams and Wilkins, 2001.

1142 Section XIII: Rheumatology

26410 ch 112  3/11/05  5:12 PM  Page 1142



Acute Arthritis
John H. Stone David B. Hellmann

INTRODUCTION

Acute arthritis—defined as joint inflammation developing
in less than two days—presents important diagnostic and
therapeutic challenges to the hospital physician. In general,
the most urgent task is to determine which patients with
acute arthritis have infected joints. In most forms of septic
arthritis, delays in therapy threaten not only the future
function of the joint, but also the survival of the patient.
Acute arthritis due to causes other than infection presents
different challenges. For example, the prompt diagnosis
and appropriate treatment of microcrystalline disorders
can alleviate pain and shorten hospital stays. Although
septic arthritis and crystal-induced arthritis are the two
most common causes of inflammatory joint pain seen in
the hospital, a myriad of multisystem diseases (e.g., in-
flammatory bowel disease, adult Still’s disease, leukemia,
Whipple’s disease, vasculitis) may also present with acute
arthritis.

This chapter begins with a general approach to the dif-
ferential diagnosis of acute arthritis, discusses the analysis
of synovial fluid, and then describes the treatment of gout
and septic arthritis.

APPROACH TO DIFFERENTIAL
DIAGNOSIS

The cause of acute arthritis can usually be determined at the
bedside by the history and physical examination, supple-
mented by a few laboratory tests. Many elements of the
initial evaluation contribute to the diagnosis (Table 113.1),
but the three of greatest value are usually: (1) the pattern of
joint involvement; (2) the presence or absence of extraarticular
signs; and (3) the results of synovial fluid analysis.

The joint pattern includes both the number and the
site(s) of affected joints (Table 113.2). The number of
involved joints has important implications. Most cases of

monarthritis, for example, are caused by microcrystalline
diseases (gout or pseudogout), infection, or trauma. Very
few systemic diseases (infections excepted) present with
monarthritis. Acute oligarthritis suggests reactive arthritis
or occult inflammatory bowel disease. Polyarthritis is usu-
ally caused either by a systemic rheumatic disease such as
rheumatoid arthritis or systemic lupus erythematosus, or
by a viral infection. Because most systemic rheumatic
diseases initially develop over weeks to months, the new
onset of acute polyarthritis most commonly signals a viral
infection. The site of the acute arthritis may be equally
helpful in formulating the differential diagnosis. The first
metatarsophalangeal joint or the ankle is most commonly
involved by gout, whereas acute arthritis of the distal inter-
phalangeal joints usually represents either osteoarthritis or
psoriatic arthritis.

The presence or absence of extraarticular signs also helps
narrow the differential diagnosis. Small, asymptomatic,
necrotic pustules over the distal extremities, for example,
strongly suggest disseminated gonococcal infection (see
the section on “Gonococcal Arthritis” later in this chapter).
Osler’s nodes and splinter hemorrhages in a patient with
acute arthritis imply endocarditis. Examples of the signifi-
cance of extraarticular manifestations in the differential
diagnosis of acute arthritis are listed in Table 113.3.

For patients with unexplained acute arthritis, synovial
fluid analysis often provides crucial information. This pro-
cedure should immediately follow the history and physical
examination (1) (Figure 113.1). Arthrocentesis is con-
traindicated if the joint has an overlying cellulitis. When
possible, severe coagulopathy or thrombocytopenia should
be corrected before arthrocentesis, especially if the proce-
dure requires a needle larger than 22 gauge. Finally, arthro-
centesis of some joints, such as the sacroiliac joints or
the hips, requires consultation with an orthopedist or
radiologist.

Synovial fluid characteristics of different conditions
are shown in Table 113.4. Synovial fluid analysis answers
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three questions: (1) Is the fluid inflamed? (2) Is it infected?
and, (3) Does it contain crystals? Inflammation is present if
the synovial fluid white blood cell count exceeds
3,000/�L. Lower synovial fluid white blood cell counts
are typical of degenerative joint disease. Synovial fluid
specimens with white cell counts above 50,000/�L are
often designated “septic,” but this label is not always ac-
curate. Acute gout, for example, often produces white cell

counts in synovial fluid of 50,000–100,000/�L. Con-
versely, some infections, especially tuberculosis, may pro-
duce relatively low white cell counts in synovial fluid
(3,000–10,000/�L). Synovial fluid analysis utilizing a mi-
croscope equipped with polarizing lenses and (ideally) a
red compensator permits the examiner to rule out micro-
crystalline disorders (see the section on “Differential Di-
agnosis and Initial Evaluation” later in this chapter).
Bloody synovial fluid indicates trauma, coagulopathy, tu-
berculosis, or a synovial tumor, such as pigmented villo-
nodular synovitis.

Although the joint pattern, presence or absence of ex-
traarticular features, and synovial fluid findings are the
most valuable points in evaluating acute arthritis, the pa-
tient’s epidemiologic profile, travel history, and social his-
tory may also provide important information. A careful
sexual history may implicate Neisseria gonorrhoeae as the
cause. The importance of age is emphasized by the fact that
disseminated gonococcal infections rarely occur after the
age of 45. The nearly 10:1 female predominance in sys-
temic lupus erythematosus highlights the significance of
gender. Closely detailing the time course of the arthritis is
also crucial because systemic connective tissue diseases
such as lupus, rheumatoid arthritis, and vasculitis virtually
never cause acute arthritis as the very first manifestation.
Most patients with these conditions have weeks of malaise,
fatigue, or other symptoms before onset of the arthritis.
Residence in or travel to a region in which Lyme disease is
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TABLE 113.1
IMPORTANT CLINICAL DATA IN THE
DIFFERENTIAL DIAGNOSIS OF ACUTE
ARTHRITIS

Joint pattern
Number of joints affected
Site of joint inflammation

Presence or absence of extra-articular features
Synovial fluid analysis
Sexual history
Age
Gender
Time course of illness
Travel history (especially for Lyme disease)
Past medical history (especially diabetes, alcoholism,

injection drug use)
Serologic tests

TABLE 113.2
DIFFERENTIAL DIAGNOSIS OF ACUTE ARTHRITIS: VALUE OF 
JOINT NUMBER

Oligarthritis Polyarthritis
Monarthritis (2–4 joints) (�5 joints)

Common causes Gout Seronegative Rheumatoid arthritis
Pseudogout spondyloarthropathy Systemic lupus
Septic arthritis Ankylosing erythematosus
Trauma spondylitis Viral diseases

Inflammatory bowel Parvovirus B19
disease Hepatitis B

Reiter’s syndrome Hepatitis C
Psoriatic arthritis
Endocarditis

Some rare causes Pigmented nodular Sarcoidosis Post-streptococcal
synovitis Whipple’s disease infection

Tuberculosis Leukemia
Hemophilia Vasculitis
Palindromic Hypertrophic

rheumatism pulmonary
osteoarthropathy

Serum sickness
Syphilis
Adult Still’s disease
Familial Mediterranean

fever
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endemic is a key point in the evaluation of patients with
acute monarthritis of the knee (the most common
rheumatic manifestation of Lyme disease). A past medical
history of diabetes, alcoholism, or injection drug use
greatly increases the likelihood that a patient with acute
monarthritis has a bacterial infection. Serologic tests can
help support the diagnosis of systemic rheumatic diseases
(Chapters 110–112).

RECOGNIZING ACUTE ARTHRITIS

Acute arthritis is usually easily recognized by the cardinal
signs of inflammation—swelling, warmth, redness, and
pain. Most inflamed joints also demonstrate reduced mo-
tion and effusions, but in some joints (e.g., the hips), de-
tection of swelling is difficult. The diagnosis of hip arthritis
is suggested by groin pain exacerbated by weight bearing or
passive internal rotation. In contrast, pain along the lateral
aspect of the hip more commonly indicates trochanteric
bursitis. Patients who cannot ambulate because of sudden
“hip pain” but who maintain the hip in flexion are more
likely to have a psoas abscess than a hip joint infection. Sep-

tic arthritis of the sternoclavicular joint is easily overlooked
because the pain is often referred to the shoulder.

GOUT

Issues at the Time of Admission

Clinical Presentation

The most common presentation of acute gouty arthropathy
is an exquisitely painful, swollen great toe—podagra.
Attacks of gout develop explosively. Within several hours, a
previously asymptomatic patient becomes unable to toler-
ate the pressure of a sheet over the toe (2). Other com-
monly affected sites are the ankle, instep, and knee. Gout
can cause not only arthritis but also a chemical cellulitis
that leads to desquamation of the overlying skin after a few
days. Polyarticular gout and involvement of the upper
extremity usually develop only after years of recurrent foot
involvement, but exceptions occur. Fever is present in
approximately 10% of patients.

Differential Diagnosis and Initial Evaluation

Patients suspected of having gout may also have pseudo-
gout, infection, or trauma. Trauma is excluded by history. A
previous history of gout, the use of drugs that impair uric
acid excretion (e.g., diuretics, cyclosporine, low-dose as-
pirin), the occurrence of classic podagra, and the presence
of tophi all increase the likelihood that the cause of an
acute arthritis is gout. Acute monarthritis of the wrist or
knee favors pseudogout. A history of injection drug use,
rheumatoid arthritis, or diabetes predisposes patients to in-
fection. Because 10% of patients with gout have fever and
as many as one-third of patients with septic arthritis are
afebrile on presentation, fever does not distinguish infec-
tion from gout. Similarly, the serum uric acid level is diffi-
cult to interpret in the acute setting because 15% of patients
with acute gout have normal values and high uric acid lev-
els may also occur in infection (2). Thus, the crucial test is
synovial fluid analysis.

Urate crystals are needle-shaped and negatively birefrin-
gent (i.e., when viewed with a red compensator, the crystals
are yellow when parallel to the axis of the compensator
and blue when perpendicular). Pseudogout is caused by
calcium pyrophosphate dihydrate crystals, which are
rhomboidal and positively birefringent (i.e., they are
yellow when perpendicular and blue when parallel to
the axis of the red compensator). Gout is virtually
excluded if no urate crystals are present. Crystals are less
numerous in pseudogout, and false-negative results of
synovial fluid analysis are more common than in gout.
Because microcrystalline disease and infection can coexist,
Gram stain and culture of synovial fluid should be
performed even in the setting of obvious crystals.
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TABLE 113.3
DIFFERENTIAL DIAGNOSIS OF ACUTE
ARTHRITIS: VALUE OF EXTRAARTICULAR
MANIFESTATIONS

Extraarticular feature Possible diagnosis

Temperature �40°C Still’s disease
Mouth ulcers Reiter’s syndrome

Behçet’s syndrome
Systemic lupus erythematosus

Diarrhea Inflammatory bowel disease
Whipple’s disease

Clubbing Hypertrophic pulmonary 
osteoarthropathy

Mononeuritis multiplex Vasculitis
Anterior uveitis Sarcoidosis

Seronegative
spondyloarthropathy

Behçet’s syndrome
Syphilis

Skin findings
Painless necrotic pustules on Disseminated gonococcal

distal extremities infection
Osler’s nodes and splinter Endocarditis

hemorrhages
Malar erythema Systemic lupus erythematosus
Purpura Vasculitis
Erythema nodosum Sarcoidosis

Behçet’s syndrome
Inflammatory bowel disease

Erythema chronicum migrans Lyme disease
Subcutaneous nodules Rheumatoid arthritis

Gout (tophi)
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Acute Arthritis

Yes No

History and Physical Exam

Cause known?

Treat for gout
or pseudogout

Crystals
present

Admit, culture,
administer antibiotics

(see Table 113.6)

Treat Arthrocentesis

If cultures negative,
consider:
• Re-culture
• Synovial biopsy
   (esp. for TB)
• Lyme serology

Gram stain
positive

Crystals absent; Gram
stain negative; >3,000
WBC/�L in joint fluid

Admit, culture,
administer

antibiotics until
cultures results

available
(see Table 113.6)

Figure 113.1 Approach to the management of the patient with acute monarthritis. TB, tubercu-
losis; WBC, white blood cell count.

TABLE 113.4
EXAMINATION OF JOINT FLUID

Group 1 Group 2 Group 3
Measure Normal value (noninflammatory) (inflammatory) (septic)

Volume (mL) (knee) �3.5 Often �3.5 Often �3.5 Often �3.5
Clarity Transparent Transparent Translucent to opaque Opaque
Color Clear Yellow Yellow to opalescent Yellow to green
White blood cells per �L �200 �200–300 3,000–50,000 �50,000a mL
Polymorphonuclear �25% �25% 50% or more 75% or morea

leukocytes (%)
Culture Negative Negative Negative Usually positive
Glucose (mg/dL) Nearly equal Nearly equal �25, lower than �25, much lower 

to serum to serum serum than serum

a Counts are lower with infections caused by organisms of low virulence or if antibiotic therapy has been started.
From Hellmann DB. Arthritis and musculoskeletal disorders. In Tierney LM, McPhee SJ, Papadakis MA, eds.
Current medical diagnosis and treatment. Stamford, CT: Appleton & Lange, 1998:775, with permission.
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Indications for Hospitalization and Intensive
Care Unit Admission

Gout is rarely the principal indication for hospitalization,
and it almost never warrants ICU admission. More com-
monly, patients are hospitalized for another condition
(e.g., congestive heart failure or surgery), and acute gout de-
velops in the hospital. A few patients have such an explo-
sive onset of polyarticular gout that a stroke or some other
serious condition is diagnosed initially, and they are ad-
mitted for further evaluation. Even when the correct diag-
nosis is made promptly, hospitalization may be warranted
either because the patient is bedridden with polyarticular
gout or because the synovial fluid analysis suggests that the
patient may have both gout and septic arthritis.

Initial Therapy

The most common mistake in the management of gout is
the failure to separate the treatment of acute gouty arthritis
from the treatment of hyperuricemia. It is essential to treat
the acute arthritis first, and to defer the management of
hyperuricemia until after the flare has resolved. Treatment of
hyperuricemia in the acute setting alleviates neither joint
inflammation nor its accompanying pain. On the contrary,
if administered during a flare, a urate-lowering agent can
provoke another attack.

The most commonly employed agent in treating acute
gout is indomethacin, but any nonsteroidal anti-inflam-
matory agent (NSAID) other than aspirin can be effective
(3). (Low-dose aspirin impairs renal excretion of uric acid
and can precipitate gout. High-dose aspirin, in contrast, fa-
cilitates renal uric acid excretion.) We usually begin with 50
mg of indomethacin orally three times a day until the pa-
tient improves (i.e., 1–2 days) and then continue with 25
mg of indomethacin three times a day to complete a 10-day
course. Unfortunately, NSAIDs are contraindicated in renal
insufficiency, a common comorbidity in patients with
gout. They are also relatively contraindicated in patients at
risk for the development of NSAID-induced renal insuffi-
ciency, such as those with dehydration, congestive heart
failure, diabetes, or whose age is greater than 60 years. A
history of peptic ulcer disease is also a contraindication to
the use of NSAIDs.

For patients with renal insufficiency and acute gout, cor-
ticosteroids are an effective alternative to NSAIDs. Intraartic-
ular injection (e.g., 10–40 mg of triamcinolone, depending
on the size of the joint) is very effective and especially help-
ful for the postsurgical patient who is taking nothing by
mouth. Corticosteroids can be administered either intra-
venously (e.g., 40 mg of methylprednisolone IV initially,
then tapered by 5 mg/d) or orally (e.g., 40 mg of prednisone
once daily by mouth for 2 days, then tapered in a similar
fashion). The IV and oral routes are preferable to direct joint
instillation in patients with polyarticular gout. Systemic cor-
ticosteroids should be used sparingly in patients recovering

from surgery and avoided in patients with infections. Corti-
costeroids can cause or worsen hyperglycemia.

Colchicine, an agent once used to treat acute gout attacks,
now has essentially no role in the management of this condition.
Daily colchicine (0.6 mg/day or bid) is effective in the pre-
vention of gout flares, but, in the doses required to treat
acute flares of gout, it has too low a therapeutic index to be
useful. Improper use of colchicine, particularly through the
IV route, may lead to substantial patient morbidity (e.g.,
bone marrow failure). Thus, this drug is best avoided when
managing acute gout attacks.

Indications for Early Consultation

Early consultation with a rheumatologist should be con-
sidered for patients who cannot be treated with NSAIDs.
Orthopedic or rheumatology consultation can also be use-
ful when a difficult joint aspiration is required.

Issues During the Course of Hospitalization

Most patients with acute gout require bed rest for the first
24 hours. Many need opiates for pain relief. Ice packs
should be avoided because cold reduces the solubility of
urate crystals. Consultation with a physical therapist may
be indicated for elderly patients with polyarticular gout.

Discharge Issues

The effective long-term management of gout depends
on follow-up with a physician who will continue to
educate the patient about the disorder, prescribe an appro-
priate treatment regimen, and encourage compliance
with treatment. Substantial long-term morbidity can result
from poorly managed gout, but this can be avoided
through proper care by the physician and patient compli-
ance. More than one-third of patients with gout have
hypertension or some other manifestation of cardiovascu-
lar disease, which emphasizes the importance of general
medical follow-up.

The decision to begin hypouricemic agents should be
made after discharge. Traditionally, the decision is based
on the patient’s rate of uric acid excretion during a 24-hour
period. Daily urinary excretion of more than 800 mg iden-
tifies “overproducers” of uric acid. Such patients are best
treated with allopurinol, which blocks the production of
uric acid by inhibiting the enzyme xanthine oxidase. Xan-
thine oxidase also participates in the metabolism of aza-
thioprine, an immunosuppressive drug frequently used in
organ transplantation. Because organ transplant patients
often suffer gout attacks (because of treatment with medi-
cations such as cyclosporine and tacrolimus, which alter
urate metabolism in the kidney), clinicians may be
tempted to use allopurinol in a patient already on azathio-
prine. This combination should be avoided, because it can
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cause serious bone marrow toxicity. If gouty arthropathy,
tophi, or frequent flares of acute gout become problems in
a patient who has undergone organ transplantation, re-
placement of azathioprine with mycophenolate mofetil
may be considered (3). Another point to remember is that
allopurinol is excreted by the kidneys, and should be dosed
according to kidney function.

Patients who excrete less than 800 mg of uric in a 24-
hour urine specimen are categorized as “underexcretors”
and are usually treated first with a uricosuric agent, either
sulfinpyrazone or probenecid. However, uricosuric agents
are ineffective in patients with creatinine clearances below
40 mL/min; patients with this level of renal insufficiency
require allopurinol. Allopurinol is also indicated in pa-
tients with tophi or a history of uric acid kidney stones. Un-
til the serum uric acid level normalizes, 0.6 mg of
colchicine once daily helps reduce the likelihood of a flare
of gout.

SEPTIC ARTHRITIS

In this section, we discuss the approach to the patient who
may have an infected joint. We focus on the two most com-
mon types of infectious arthritis: bacterial (nongonoccal)
arthritis and gonococcal arthritis. Bacterial arthritis is nor-
mally caused by an infected joint while gonococcal arthri-
tis occurs as a result of disseminated gonococcal infection.

Issues at the Time of Admission

A cardinal rule in the evaluation of new-onset arthritis—
particularly monarthritis—is that an inflamed joint is in-
fected until proved otherwise. Arthrocentesis and thorough
examination of the synovial fluid (see above) are an essen-
tial early part of the workup. During the initial assessment,
however, it is helpful to consider particular patient profiles
(Table 113.5), which can narrow the differential diagnosis
and assist in choosing an initial empiric antibiotic regimen.

Bacterial (Nongonoccal) Arthritis

A hot joint may be the first clear sign of a potentially life-
threatening disorder. Detection of an infected joint often
leads to the recognition of bacteremia or the diagnosis of
endocarditis. Most joint infection occurs via hematogenous
seeding (4). Joints are susceptible to blood-borne bacterial
pathogens because synovial tissue is well vascularized and
has no basement membrane. Less common routes of joint
infection include direct inoculation by trauma (e.g., pene-
trating injuries, human or animal bites) and arthrocentesis
performed through cellulitic skin.

The most common organism associated with bacterial
arthritis is Staphylococcus aureus, which accounts for
approximately half of all such infections in adults (4).
However, in many young, sexually active populations,
N. gonorrhoeae is the most common cause of septic arthritis.
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TABLE 113.5
PROFILES OF SEPTIC ARTHRITIS: CHARACTERISTICS OF ORGANISMS
AND HOSTS

Organism Distinguishing features of host

Neisseria gonorrhoeae

Staphylococcus aureus

S. epidermidis

Haemophilus influenzae

Gram-negative rods

Mycobacterial species

Streptococcal species

Borrelia burgdorferi

Young, sexually active adult (typically female). Arthritis associated with
tenosynovitis and skin lesions.

Injection drug user (the usual host for sacroiliac or sternoclavicular joint
infections).

Rheumatoid arthritis patient.
The most common cause of septic bursitis.
Most common cause of prosthetic joint infections. Associated with an

indolent presentation, constant pain (not occurring only with weight
bearing), and radiographic signs of prosthetic loosening.

Rarely occurs in adults. Formerly the most common cause (type b)
bacterial arthritis in children less than 2 years old. Now less common
because of the H. influenzae vaccine.

Elderly, chronically ill patients at risk for Gram-negative bacteremia.
Injection drug users.

Patient with a chronic monarticular arthritis, often associated with
tenosynovitis.

No classic patient profile, but streptococcal species maintain a constant
frequency as a cause of bacterial arthritis throughout the life span.

Residence in or travel to a tick-infested area. Classically preceded
by a skin rash (erythema chronicum migrans) by weeks/months.
Monarthritis, typically of the knee, develops after skin, central
nervous system, and cardiac findings of Lyme disease.
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In most cases of septic arthritis, the affected joint is
exquisitely painful and demonstrates the classic signs of in-
flammation. On physical examination, arthritis of an in-
fectious etiology is indistinguishable from that associated
with a microcrystalline disorder. The majority of patients
with infected joints have fevers during their course, but up
to one-third are not febrile at the time of evaluation. The
use of antipyretic agents can modify the presentation.

Ninety percent of patients with septic arthritis have a
monarthritis. Susceptibility to oligarticular or polyarticular
infections is dictated more by host factors (e.g., underlying
rheumatoid arthritis or injection drug use) than by charac-
teristics of the infecting organisms. With a few exceptions,
the frequency of multiple joint involvement, the specific
joints infected, and the responses to appropriate antibiotic
therapy vary little among cases of suppurative arthritis as-
sociated with the major causative organisms. The most
commonly involved joint is the knee, followed by the
hip. The small joints of the hands are rarely involved by
bacterial infections (except for those associated with N.
gonorrhoeae and Mycobacterium tuberculosis). Sternoclavicu-
lar and sacroiliac joint infections are usually associated
with injection drug use. In evaluating debilitated patients,
one must carefully examine the hips (testing to elicit pain
with internal rotation). Infections in these joints can be
occult if patients do not bear weight on their lower extrem-
ities. Hip infections, in contrast to those in other joints, of-
ten require surgical (open) drainage to ensure complete-
ness of therapy.

With the exception of the Gram stain and culture, the re-
sults of most laboratory tests and radiographic studies are
nonspecific. The great majority of patients with acutely in-
fected joints demonstrate elevations in the erythrocyte sed-
imentation rate, and a smaller majority have a peripheral
leukocytosis. Many types of radiographic studies can
demonstrate joint effusions, which are present nearly
universally in joint infections. Scintigraphy, computed to-
mography, and magnetic resonance imaging are all more
sensitive than plain radiography, which may not demon-
strate juxtaarticular osteoporosis and bony erosions for
weeks. Except for the purpose of guiding diagnostic arthro-
centesis and excluding infections in joints that are difficult
to examine, these studies are expensive and nonspecific,
and they often contribute little to the assessment.

Most mimickers of septic arthritis present with clini-
cal and radiographic features that are indistinguishable
from those of infection. Thus, arthrocentesis should be
performed as soon as possible in the evaluation. Details of
the synovial fluid examination are discussed above. Al-
though the specificity of Gram stain and culture is high, the
sensitivity varies according to the organism. For most
causes of bacterial arthritis, Gram stain of synovial fluid
demonstrates the organism one-third of the time. In con-
trast, results of joint culture are positive in up to 90% of
patients with bacterial (nongonococcal) arthritis. Blood
cultures are also essential in the evaluation of patients for

septic arthritis. Injection drug users should be queried
about the use of “street antibiotics,” which can cause false-
negative culture results.

All patients suspected of having a septic joint should be
hospitalized for further evaluation and initial treatment
with parenteral antibiotics. Because of the difficulty of
performing diagnostic arthrocentesis on the hip and the
rapidity with which joint destruction occurs with virulent
organisms (e.g., S. aureus), early consultation with an or-
thopedist is essential if hip involvement is suspected.

Gonococcal Arthritis

Arthritis caused by N. gonorrhoeae, a Gram-negative diplo-
coccus, results from hematogenous dissemination from a
primary mucosal site of infection (4). Disseminated gono-
coccal infection develops in 1%–3% of cases of untreated
gonorrhea. The initial infection precedes dissemination by
days to weeks. In sexually active patients under 45 years of
age, arthritis associated with disseminated gonococcal in-
fection is the most common type of joint infection. The
classic patient is a young woman infected either around the
time of her menses (endocervical shedding of the organism
and access to the bloodstream are both maximal during
menstruation) or during the second or third trimester of
pregnancy.

Women are also more likely than men to have subclini-
cal gonorrheal infections and remain untreated, which
increases the likelihood of dissemination. In addition to
these host factors, certain strains of N. gonorrhoeae, particu-
larly those of the protein 1-A serotype (5), are prone to
dissemination because their pili permit attachment and
diapedesis. Compared with strains of N. gonorrhoeae that
remain localized in the mucous membranes, those associ-
ated with disseminated gonococcal infection have a greater
sensitivity to antibiotics but are more difficult to culture.
Thus, in contrast to attempts to isolate organisms in most
other forms of bacterial arthritis, attempts to isolate N. gon-
orrhoeae from the synovial fluid or bloodstream are often
unsuccessful; synovial and blood cultures are positive for
the organism in fewer than 50% of cases of disseminated
gonococcal infection (4). To optimize the yield of cultures,
specimens from every possible site of infection, including
the urethra, cervix, oropharynx, rectum, and blood, in
addition to any involved joints, should be cultured before
antibiotics are begun. The absence of symptoms at these
sites should not preclude culturing specimens from them;
only a minority of patients with disseminated gonococcal
infection have symptoms at the mucosal site of entry.

Most cases of disseminated gonococcal infection are
heralded by the acute onset of polyarthralgias, often in a
migratory or additive pattern. Two overlapping presenta-
tions, the bacteremic and suppurative forms, have been
identified. In the bacteremic form, patients appear more
systemically ill, with fevers, chills, and malaise. Blood
cultures are more likely to be positive than synovial fluid
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cultures, yet the positivity rate for blood cultures remains
below 50%. Tenosynovitis affecting the wrists, fingers, an-
kles, or toes can be a prominent feature in the bacteremic
form of disseminated gonococcal infection and sometimes
overshadows the arthritis. The presence of tenosynovitis
distinguishes the arthritis caused by N. gonorrhoeae from
joint infections caused by most other organisms (M. tuber-
culosis is a notable exception).

Skin lesions are also highly characteristic of disseminated
gonococcal infection. The skin lesions begin as macules or
papules and rapidly evolve into isolated pustules, typically
resting on an erythematous base. After several days, the
lesions may assume a vesicular appearance and sometimes
have hemorrhagic features. The cutaneous lesions of
meningococcal sepsis have an identical appearance but
are usually more numerous. The presence of more than
100 discrete lesions suggests a meningococcal infection.
Culture of skin lesions occasionally yields the correct
diagnosis.

In the suppurative form of disseminated gonococcal
infection, arthritis (most commonly of the knee) is a
more prominent part of the presentation. The associated
joint effusions are more purulent, with white blood cell
counts rivaling those of bacterial (nongonococcal) arthri-
tis. Joint cultures are more likely to be positive in the
suppurative form but are still negative in a slight majority
of cases.

For nearly all patients suspected of having disseminated
gonococcal infection, hospitalization is recommended. In
the hospital, the extent of the infection and sensitivities of
the organism can be determined, and the patient can be
monitored for a response to therapy. Once the patient
demonstrates a clinical response (see “Discharge Issues”),
therapy can be completed on an outpatient basis.

Issues During the Course of Hospitalization

Antibiotic therapy for septic arthritis is usually begun
empirically, based on the clinical profile and guided by the
results of synovial fluid Gram stain. The initial antimicro-
bial approach is outlined in Table 113.6. The regimen can
be modified when culture results become available. Be-
cause parenteral antibiotics achieve excellent levels in
inflamed joints, intraarticular instillation of antibiotics is un-
necessary.

Although early antibiotic therapy is essential to good
outcomes, adequate drainage of infected joints is also criti-
cal. In purulent joint effusions, organisms divide very
slowly and are less susceptible to antibiotics. Unless an
infected joint is adequately drained, the organisms may
survive despite appropriate treatment. Closed drainage,
performed as often as necessary to control the effusion, is
sufficient for most joints. Repeated arthrocentesis is usually
not required with N. gonorrhoeae infections, but joints
infected with other organisms, especially S. aureus or strep-

tococcal species, may require daily or twice daily drainage.
The response to therapy is judged by the clinical examina-
tion findings, the rapidity with which joint effusions
reaccumulate after arthrocentesis, and serial measures of
cell counts and cultures of synovial fluid. Failure of the
patient to respond to therapy, manifested by the disap-
pearance of fever and a decrease in signs of joint inflam-
mation after several days of appropriate treatment, is an
indication for open joint drainage and lavage. In contrast to
other joint infections, septic hips required immediate
surgical intervention.

The majority of prosthetic joint infections originate
locally, at the time of joint replacement surgery. Staphylo-
coccus epidermidis rivals S. aureus as the most common cause
of these infections. Management decisions regarding septic
prosthetic joints should be made in consultation with an
infectious disease specialist. If detected rapidly, early-onset
prosthetic joint infections may be treated successfully by
antibiotics, alone or in combination with debridement,
without removal of the prosthesis. Immediate consultation
with orthopedics is essential in the management of
such patients. In most cases, unfortunately, the process
is sufficiently advanced that the hardware must be re-
moved. If infection in a joint abates but the patient’s over-
all condition continues to deteriorate, another site of
infection must be actively sought (e.g., another infected
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TABLE 113.6
EMPIRIC ANTIBIOTIC REGIMENS FOR THE
TREATMENT OF SEPTIC ARTHRITIS BASED ON
GRAM STAIN OF SYNOVIAL FLUIDa,b

Gram-positive Gram-negative

Gram-positive cocci in Gram-negative bacilli:
clusters (presumptive Nafcillin or oxacillin plus
Staphylococcus): aminoglycoside

Nafcillin or oxacillin 
(aminoglycoside should be
added if patient is an
injection drug user)

Gram-positive cocci in Gram-negative diplococci
chains (presumptive (presumptive gonococcus):
Streptococcus): Ceftriaxone or ceftizoxime

Nafcillin or oxacillin or cefotaxime

a All patients with prosthetic joints, intravenous lines, or recent
hospitalizations are at risk for infection with methicillin-resistant
Staphylococcus species and should receive vancomycin until culture
results are available, regardless of Gram stain results.
b In the absence of definitive Gram stain results, a reasonable empiric
regimen for the adult with possible septic arthritis would be the
combination of nafcillin or oxacillin with a cephalosporin such as
ceftriaxone or ceftizoxime or cefotaxime. An aminoglycoside should be
added in the injection drug user, and (as above) vancomycin should be
substituted for nafcillin/oxacillin if methicillin-resistant Staphylococcus
is a possibility.
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joint, a splenic abscess, endocarditis, or meningitis). Pa-
tients with rheumatoid arthritis or other causes of severe
debility, particularly those on corticosteroid therapy, are
prime candidates for such occult infections.

Acutely infected joints require rest. As soon as the joint
demonstrates clinical improvement, however, a daily pro-
gram of physical therapy, designed to maintain range of
motion and prevent joint contractures, should begin. Pa-
tients may begin bearing weight as soon as their pain per-
mits, generally after several days of treatment.

Two other points are relevant to patients with dis-
seminated gonococcal infection. First, patients with 
N. gonorrhoeae arthritis should be evaluated for the possible
presence of other sexually transmitted diseases, including
Chlamydia infection, syphilis, and HIV infection. Empiric
concomitant treatment for Chlamydia infection with 100
mg of doxycycline twice daily for one week is often pru-
dent. Second, the local public health department and the
patient’s sexual partner or partners should be notified of
the infection.

Discharge Issues

Septic arthritis caused by staphylococci (S. aureus or S.
epidermidis) or gram-negative rods should be treated with
parenteral antibiotics for three weeks (longer courses are
sometimes required, particularly if endocarditis is also
present). After they are stabilized in the hospital, patients
can be discharged home or to subacute facilities for the
remainder of their course. Streptococcal and Haemophilus
influenzae arthritis usually require only two weeks of
parenteral treatment. N. gonorrhoeae arthritis should
be treated parenterally for 2–4 days until clinical
improvement is noted, following which several oral an-
tibiotic regimens (for a total 2-week course) are appro-
priate: ciprofloxacin 500 mg twice a day, ofloxacin 400
mg twice a day, or cefixime 400 mg twice a day (6).
The standard procedure for treating chronic infections
in prosthetic joints is to remove the prosthesis, treat with
IV antibiotics for 1 month and oral antibiotics for an ad-
ditional 2–4 months (patients with S. aureus infections
may require rifampin in addition to other anti-Staphylo-
coccal antibiotics), and then implant a new prosthesis. At
some centers, however, a one-stage procedure is em-
ployed, with removal of the prosthesis and implantation
of another at the same time; antibiotic-impregnated ce-
ment is used and a long course of systemic antibiotics is
administered.

COST CONSIDERATIONS AND
RESOURCE USE

The most important strategy to reduce the cost of treat-
ing gout is to avoid recurrent attacks through patient

education and careful follow-up. The episodic nature
of gout unfortunately often leads to episodic (and expen-
sive) care.

The costs of antibiotic regimens for the treatment of
septic arthritis vary widely and should be considered in
choosing among regimens of comparable efficacy. The
most important cost-saving maneuver, however, is to
discharge stable patients to receive most of their par-
enteral antibiotic therapy either at home or in a subacute
facility.

KEY POINTS

■ Gout is the most common cause of acute arthritis in
hospitalized patients, but septic arthritis must always be
excluded.

■ The treatment of acute gout focuses on therapy for acute
arthritis; the treatment of hyperuricemia is deferred.

■ Patient education and careful follow-up are vital in
patients with acute gouty arthritis.

■ Joint infection may be the first sign of a life-threatening
condition.

■ Arthrocentesis must be performed early in the evaluation
of patients with possible septic joints.

■ Empiric antibiotic treatment should be based on the
results of Gram stain and the patient’s clinical profile
(Tables 113.5 and 113.6).

■ Effusions associated with septic joints should be drained
as often as they reaccumulate, to permit maximal antibi-
otic effectiveness.
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Back Pain
Jerry D. Joines Nortin M. Hadler

INTRODUCTION

Back pain is one of the leading complaints treated in the
outpatient setting. Most patients can be managed conser-
vatively without recourse to hospitalization for inpatient
care. Hospital admission rates for nonsurgical treatment of
back pain, while declining, show a wide geographic varia-
tion. A variety of health resource and population character-
istics, as well as physician practice patterns, contribute to
this variation. It is unlikely that rates of hospital utilization
for nonsurgical treatment of back pain correlate with
aggregate outcomes of care, although studies have not
directly addressed that question.

The majority of back problems prompting medical hos-
pitalization involve the low back. In this chapter, we focus
on those disorders that present in adults with low back
pain as a cardinal symptom. Although we emphasize dis-
orders of the lumbar and lumbosacral spine, much of our
discussion is relevant to cervical disease, and certain aspects
of the discussion, such as the management of osteoporotic
fractures, are also applicable to the thoracic spine. There are
parallels between the common lumbar and cervical spinal
disorders. Both regions are affected by spinal stenosis and
degenerative disease of the disks and facet joints. Such
pathoanatomy, however, is commonly present in the
absence of local pain, radiculopathy, or myelopathy, so
clinical correlation is always important.

The causes of low back pain generally fall into three
categories: regional disorders, systemic disorders, and visceral
disease. (Some authorities refer to regional disorders as
mechanical conditions, and to systemic disorders as non-
mechanical conditions.) Regional disorders, which are by far
the most prevalent, include such common pathoanatomic
disorders as herniated disk, vertebral compression fracture,
degenerative disease, and spinal stenosis. In many cases, no
specific underlying etiology can be identified. Nearly all in-
stances of regional back pain can be managed conservatively
without hospitalization. Systemic diseases that can involve
the spine include tumors, infections, and inflammatory

spondyloarthropathy. Rest pain and night pain are seen
more commonly in systemic than in regional disorders,
whereas exacerbation of pain during trunk motion is seen
more often with regional pain. Visceral disease includes any
of the non-musculoskeletal processes affecting the intra-
abdominal or other nearby organs that can present with
back pain. Examples include aortic dissection and pancre-
atic or renal diseases. Patients requiring hospitalization for
nonsurgical care of back pain are a highly selected group
with systemic disease, visceral disorders, or exceptionally se-
vere symptoms of regional disorders.

The systemic causes of low back pain are uncommon.
The combined prevalence of neoplastic, infectious, and
inflammatory causes is around 1% among primary care
patients with low back pain (1). About 2% of patients will
have visceral disease (1). The cauda equina syndrome, in
which compression of the cauda equina by a large herni-
ated disk or other mass results in bowel or bladder dys-
function and neurologic deficits in the lower extremities,
has an estimated prevalence of 4 in 10,000 patients with
low back pain (2).

The appropriateness of many nonsurgical hospitaliza-
tions for low back pain is open to question. Cherkin and
Deyo (3) examined hospital admissions for medical prob-
lems of the low back during 1988 both nationally and in
Washington State, and they concluded that many of those
hospitalizations involved diagnostic procedures (e.g.,
myelography) or therapies (some of questionable efficacy)
that could be performed or administered in the outpatient
setting. Nonspecific back pain, herniated disk, and degen-
erative changes accounted for 81% of nonsurgical admis-
sions for low back pain nationwide; systemic problems
such as malignancy, infection, and inflammatory condi-
tions were excluded from their analysis. Nearly half of the
admissions were for pain management; bed rest was the
most common physical treatment modality (72% of
patients), and opiate analgesics and sedatives were the
most commonly used drugs (83% and 71% of patients,
respectively). Cherkin and Deyo acknowledged that, in
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addition to disease-specific indications, various other indi-
cations (e.g., difficulty ambulating, inability to prepare
food or perform toileting, or the facilitation of diagnostic
studies when patients are evaluated at a distance from
home) can sometimes justify nonsurgical hospitalizations.

In this chapter, we discuss the diagnosis and manage-
ment of selected conditions that may require inpatient
management on a medical service. We assume that the
patient cannot be cared for optimally as an outpatient. We
also assume an evidence-based approach to diagnosis and
therapy in the outpatient department, such as that pro-
posed by the Agency for Health Care Policy and Research
(AHCPR, now the Agency for Healthcare Research and
Quality, AHRQ) in its 1994 clinical practice guideline for
the management of acute low back problems in adults (4).
A number of evidence-based guidelines have built upon the
solid foundation provided by the AHCPR guideline (5).
Other sources of information include recent reviews of the
diagnosis and management of low back pain (1, 2, 6), as
well as reviews of specific treatments in the Cochrane
Database of Systematic Reviews (7).

ISSUES AT THE TIME OF ADMISSION

Clinical Presentation

Regional low back disorders commonly present with back
pain alone; a subset of patients will have signs or symp-
toms of spinal nerve root involvement (Chapter 115).
Compression or inflammation of a nerve root produces
radiculopathy characterized by pain, numbness, weakness,
and loss of reflexes in the distribution of the corresponding
nerve. Most radiculopathy involves the L-5 or S-1 nerve
root, and less frequently the L-4 root; neurologic screening
should focus on these levels (4). Associated deficits may
include weakness of the quadriceps (L-4), a decreased knee
jerk reflex (L-4), weakness of dorsiflexion of the great toe
and foot (L-5), weakness of plantar flexion of the great toe
and foot (S-1), or a decreased ankle jerk reflex (S-1).
Sensory deficits follow dermatomes on the medial (L-4),
dorsal (L-5), or lateral (S-1) aspect of the foot.

Sciatica is the term reserved for radicular pain that radi-
ates in a sciatic distribution down the leg beyond the knee.
Neurogenic claudication (pseudo-claudication) is buttock
and leg pain or weakness caused by standing erect or walk-
ing erect and relieved by sitting or flexing the spine. This is
the classic symptom of the syndrome of “lumbar stenosis,”
commonly ascribed to anatomic lumbar spinal stenosis,
although the pathogenesis of pain in this syndrome is
debatable; anatomic stenosis is a nonspecific finding on
imaging studies in the elderly and does not reliably predict
symptoms. Bowel or bladder dysfunction suggests com-
pression of the sacral nerve roots, as does sensory deficit of
the perineal region (“saddle anesthesia”). All these features
can be present in regional or systemic disease of the lumbar

spine, some even in visceral presentations. The patient who
is writhing or cannot be still, however, should be assumed
to have a serious underlying cause, usually a visceral
disorder, until proved otherwise.

Findings from the history or physical examination may
point toward a particular condition as the cause of back
pain (6). A previous history of cancer is the strongest
predictor of malignancy (specificity 0.98, positive likeli-
hood ratio 14.7), but sensitivity is low (0.31). Two findings
have a low sensitivity but a high specificity for vertebral
compression fracture: a history of corticosteroid use (speci-
ficity 0.995, positive likelihood ratio 12.0) and age over 70
years (specificity 0.96, positive likelihood ratio 5.5). The
presence of sciatica is the best predictor of herniated disk
(sensitivity 0.95, specificity 0.88, positive likelihood ratio
7.9, negative likelihood ratio 0.06) (Chapter 6).

Differential Diagnosis and Initial Evaluation

Visceral Disease and Serious Spinal Disorders

The initial assessment of the patient with acute low back
pain should identify those patients with a serious underly-
ing cause requiring specific therapy. The history and exam-
ination can provide evidence of systemic or visceral disease,
or of neurologic compromise that mandates surgical refer-
ral (1, 2, 6). Figure 114.1 provides a general approach to
the identification of the patient with low back pain who
may require hospitalization.

Back pain can be a referred symptom of a variety 
of nonspinal diseases, including aortic dissection or
aneurysm, endocarditis, kidney stone, pancreatitis, pancre-
atic pseudocyst, peptic ulcer disease, urinary tract infec-
tion/pyelonephritis, perinephric abscess, prostatitis, pelvic
infection, and others. As indicated in Figure 114.1, the
initial workup should identify those patients with referred
back pain resulting from nonspinal disease.

The search for serious spinal disorders is facilitated
by a systematic evidence-based approach such as that
recommended by the AHCPR practice guideline (4). This
approach starts with a focused history and physical exami-
nation, with attention to certain “red flags” for possible se-
rious conditions, including fracture, tumor, infection, and
cauda equina syndrome. “Red flags” for fracture include
major trauma (e.g., a fall or vehicular accident); in older or
osteoporotic patients, minor trauma or strenuous lifting is
of concern. Red flags for tumor or infection include age
over 50 or under 20, history of cancer, fever, weight loss,
pain worse in a supine position or at night, recent bacterial
infection, intravenous drug abuse, and immunosuppres-
sion. Cauda equina syndrome warrants emergent diagnos-
tic imaging and surgical consultation or referral. Red flags
from the history for cauda equina syndrome include saddle
anesthesia, bladder dysfunction (urinary retention, fre-
quency, incontinence), and severe or progressive lower
extremity neurologic deficit. Red flags from the physical
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Diagnose/treat as indicated:
• Aortic dissection/aneurysm
   (Chapters 49 and 50)
• Perinephric abscess (Chapter 68)
• UTI/Pyelonephritis (Chapter 68)
• Endocarditis (Chapter 71)
• Peptic ulcer disease (Chapter 80)
• Pancreatitis (Chapter 86)
• Kidney stone (Chapter 103)
• Other

Nonspinal disease requiring specific therapy?

Any indication for hospitalization?
• Serious disorder ("red flag" condition)
   requiring inpatient treatment
• Incapacitating pain or inability to care for self

Indication for emergent surgical
consultation?
• Cauda equina syndrome
• Progressive/severe neurologic
   deficit
• Major trauma
• Spinal epidural abscess
• Instability due to bony destruction
   by infection or tumor

Outpatient management
(see AHCPR Clinical
Practice Guideline)4

No Yes

Yes No

Immediate imaging and
surgical referral/consultation

Diagnosis established by history,
physical exam, lab tests, imaging?

Yes No

Systemic
Disorders • Pain control 

• Early mobilization
• Physical therapy
• Coping strategies
• Surgical consultation if indicated

• Antibiotics
• Pain control
• Consultation:
     – Infectious disease
     – Surgeon

• Pain control
• Consultation:
     – Medical Oncologist
     – Radiation Oncologist
     – Surgeon
• Specific therapy as indicated

Spinal infection? Spinal malignancy?

Biopsy confirmation

Yes No

Biopsy
Confirmation

Yes No

Diagnosis established?

Severe regional back pain

Figure 114.1 Assessment of low back pain.
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examination include anal sphincter laxity, perianal or per-
ineal sensory loss, and major weakness involving the
quadriceps or the ankle plantar flexors, ankle evertors, or
ankle dorsal flexors.

Although the cauda equina syndrome is the classic in-
dication for emergent surgical evaluation, other disorders
also require immediate surgical consultation or referral,
including spinal epidural abscess, progressive or severe
neurologic deficit, major trauma, and instability resulting
from a destructive neoplastic or infectious process. As in-
dicated in the lower portion of Figure 114.1, most pa-
tients with back pain who require hospitalization but lack
an indication for urgent surgical consultation fall into the
following categories of illness: severe and incapacitating
regional back pain attributable to herniated disk, degener-
ative disease, spinal stenosis, osteoporotic compression
fracture, or nonspecific causes; spinal malignancy; and
spinal infections, including vertebral osteomyelitis and
septic diskitis.

Most patients who are hospitalized with back pain will
already have undergone diagnostic testing and imaging.
Initial laboratory testing indicated for most patients hospi-
talized with severe back pain includes a complete blood
cell count with white cell differential; measurement of
serum creatinine, calcium, alkaline phosphatase, and ery-
throcyte sedimentation rate; and urinalysis. If infection is
suggested because of fever, leukocytosis, or a markedly
elevated sedimentation rate, then blood cultures are appro-
priate. If myeloma is clinically suspected, serum and urine
protein electrophoresis should be performed.

Plain radiographs may detect destructive bone lesions
and compression fractures. If rheumatic spondyloarthropa-
thy is suspected, radiographs of the sacroiliac joints are
appropriate. Although radiography has a limited role in the
management of outpatients with back pain, such pain of
sufficient severity to prompt hospitalization justifies diag-
nostic imaging because the prior probability (Chapter 6) of
specific lesions is so high. Plain radiographs not only may
provide a working diagnosis, but also can focus the choice
of additional imaging studies.

The commonly available options for radiologic imaging
of the spine beyond plain radiography include computed
tomography (CT), magnetic resonance imaging (MRI),
radionuclide scintigraphy (bone scan), and myelography.
Bone scan, although very sensitive for infectious or
malignant causes of back pain, lacks specificity. It can, how-
ever, target subsequent studies that afford more specific
pathoanatomic insights. Myelography is invasive and is
used far less often than in the past. We would reserve its use
for situations in which it is requested by a consulting
surgeon. Both CT and MRI demonstrate the anatomy. MRI
is probably the best overall choice for defining malignancy,
infection, inflammation, and structural abnormalities of
the spine and associated soft tissues. The cost of MRI varies
but is typically in the range of $1,000 (without contrast),
considerably higher than that of CT or bone scan. Although

gadolinium enhancement is not necessary to detect many
conditions, the added definition justifies its use in some
situations.

If spinal infection or malignancy is demonstrated, fur-
ther evaluation is mandatory to design specific therapy.
Antibiotic therapy of spinal infections (vertebral os-
teomyelitis/septic diskitis and spinal epidural abscess)
should, whenever possible, be based on identification of
the causative organism. Staphylococcus aureus is the most
common, but far from the only, cause. Other pyogenic
bacteria, mycobacteria, and fungal organisms can also in-
fect the spine. Blood cultures are mandatory when spinal
infection is suspected. For processes involving the verte-
bral bodies or intervertebral disks, percutaneous needle
aspiration and biopsy permits a specific microbiologic di-
agnosis. This can often be accomplished under radiologic
guidance (fluoroscopy or CT) with low complication rates
in the hands of experienced practitioners. Open biopsy is
an alternative. Empiric antibiotic therapy pending results
of these studies may be prudent, but premature institution
of antibiotics without attempts to isolate the organism
can result in inappropriate or unnecessary treatment. An-
tibiotic therapy for spinal infections is usually prolonged
(e.g., 6–8 weeks); an infectious disease consultation can
help guide the choice of antibiotics and the duration of
therapy. Surgical debridement may be required in tuber-
culous (Pott’s) disease, and surgical drainage is usually re-
quired for effective treatment of epidural abscess. Other-
wise, surgical consultation is appropriate whenever
stability is in question or when a significant neurologic
deficit is present.

Metastatic disease is the most common malignant pro-
cess involving the spine. Back pain can be the presenting
symptom of common cancers, such as those of the breast,
prostate, and lung and multiple myeloma. The prognosis
varies depending on the underlying malignancy. If com-
pression of the spinal cord or cauda equina is found at pre-
sentation, then emergent treatment is indicated in the hope
of preventing paralysis or incontinence. Options include
steroids, surgical decompression, radiation treatment, and
in some situations hormonal therapy or chemotherapy;
surgical stabilization also may be required. Consultation
with a surgeon, radiation oncologist, and medical oncolo-
gist can optimize the choice of therapy in a particular situ-
ation. See Chapter 92 for a detailed discussion of the man-
agement of malignant spinal cord compression. As in
spinal infection, tissue can be obtained for definitive diag-
nosis by either percutaneous or open biopsy. Functional
outcome in patients with spinal metastasis is directly re-
lated to the degree of deficit at the time treatment is started.
In cases in which pain is not controlled by oral analgesia,
parenteral therapy with opiate analgesics is indicated.

For those patients with serious conditions, such as
infection or malignancy, the management and expected
course will depend on the particular situation. Decisions
regarding immobilization with bed rest or orthopedic
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braces are best made in consultation with surgical, onco-
logic, and other consultants. Discharge will depend on the
specific therapy and response to treatment. In some cases,
intravenous therapies, such as prolonged administration of
antibiotics, can be completed in the outpatient setting with
close follow-up and home health care.

Severe Regional Low Back Pain

Modern imaging should detect nearly all instances of
infectious or neoplastic causes of back pain. For regional
pain, there is a problem: abnormal findings on imaging
studies are not specific. Herniated disk, degenerative spinal
disease, compression fractures, and spinal stenosis are
common in completely asymptomatic subjects. Therefore,
a pathologic finding must be interpreted in light of the
patient’s symptoms and findings on physical examination
(Chapter 6).

Osteoporotic vertebral compression fractures are com-
mon in older women. Population studies have shown that
more than 20% of people (of both genders) over 50 years
of age have radiographic Grade 1 vertebral deformities (8).
These involve both the thoracic and lumbar spine, and the
prevalence increases with advancing age. Most compres-
sion fractures are either asymptomatic or not memorable.
In contrast, such fractures can, from time to time, cause se-
vere pain that occasionally requires inpatient care. Symp-
toms may precede the development of a visible fracture on
plain radiography and therefore be misdiagnosed. The im-
pact of symptomatic compression fractures on the patient’s
functional status should not be underestimated. The asso-
ciated pain can persist from a few weeks to a few months
and be severe and incapacitating in these patients, who are
elderly and often frail.

If the history, examination, and radiographic findings
are consistent with an osteoporotic compression fracture
and there is no neurologic compromise or suspicion of an
infectious or malignant process, then further imaging may
not be necessary. Caution, however, is advised in attribut-
ing such fractures to a benign process without further veri-
fication. If traumatic fracture is suspected and radiography
is not definitive, then bone scan would be appropriate; CT
and MRI provide additional definition in the case of a
vertebral fracture that may be pathologic (i.e., resulting
from metastatic neoplastic or infectious disease).

Indications for Initial Intensive Care
Unit Admission

The primary indication for initial ICU admission is the
presence of neurologic compromise requiring urgent inter-
vention and close monitoring of neurologic status. Imme-
diate surgical consultation is indicated in such cases. Other
reasons for ICU admission include sepsis, hypotension,
and severe comorbidity.

Initial Therapy

The remainder of this discussion focuses on the manage-
ment of severe regional low back pain. Initial therapy of low
back pain consists of analgesia and specific therapy when
possible. Pain relief, however, is a goal with general princi-
ples that apply across the range of diagnoses (Chapter 18).
Acetaminophen and the nonsteroidal anti-inflammatory
drugs (NSAIDs) are the first-line analgesics used in the treat-
ment of back pain. Well-known side effects of NSAIDs
include gastrointestinal irritation and bleeding, in addition
to adverse renal effects, to which the elderly are particularly
prone. Opiates may be required for adequate pain control
but should be used judiciously; time-limited fixed courses
may avoid excessive narcotization. Constipation is likely
when opiates are used and can be relieved by bowel
regimens that include stool softeners and laxatives.

Effective therapies for mechanical low back pain include
analgesia, limited bed rest or continuation of usual activity,
mobilization, and surgery in certain well-defined situa-
tions. Evidence does not support the use of spinal traction,
facet joint injection, prolonged bed rest, or transcutaneous
electrical nerve stimulation (TENS). Epidural steroid injec-
tions to treat radicular pain are sometimes used in the hope
of avoiding surgery. These injections, however, are not
without risk, and evidence supporting their efficacy beyond
temporary relief of pain is limited. “Muscle relaxants” are
sedating and add little to the analgesic efficacy of NSAIDs.

Beyond analgesia, the treatment of vertebral compres-
sion fractures consists of limited bed rest and early mobi-
lization, with a goal toward preventing debility and further
bone loss. Orthopedic bracing for patient comfort is com-
monly used, but may not be tolerated. Assistance with the
activities of daily living may be the goal of hospitalization
until adequate care is available elsewhere. Opiates may be
required for adequate pain control but must be used cau-
tiously because they are often counterproductive, leading
to falls and further debility. Calcitonin, in addition to its
effect on bone mass, appears to have a direct analgesic
effect and may therefore be of dual benefit. An intranasal
form is now available.

Indications for Early Consultation

The indications for emergent consultation were discussed
above. In the absence of an indication for emergent or
immediate consultation, elective surgical referral for herni-
ated disk is appropriate if the patient has persistent neuro-
motor deficit, or persistent sciatica with consistent clinical
and neurological findings, after 4–6 weeks of nonoperative
therapy (1). The only randomized clinical trial of surgical
diskectomy versus conservative treatment of patients with
herniated lumbar disks and sciatica was reported by Weber
in 1983 (9). In that study, 126 patients with radicular pain
persisting after two weeks of conservative therapy were ran-
domized to either surgical diskectomy or six weeks of con-
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tinued nonsurgical management with analgesia and phys-
iotherapy. It is notable that the randomization excluded
two other groups of patients: those patients felt to have a
definite indication for surgery, and those who improved
during two weeks of initial conservative management.
Among those randomized, surgical patients reported sig-
nificantly less pain and incapacity at one year of follow-up,
with only a trend favoring surgery at 4 and 10 years of fol-
low-up. The Weber trial supports the early benefit of
surgery in a highly selected group of patients with persist-
ing sciatica and a corresponding and demonstrable disk
herniation. There is no compelling surgical indication for
the patient with nonspecific low back pain, or any patient
with radiculopathy in whom there is no identifiable correl-
ative lesion.

The indications for surgical referral of the patient with
spinal stenosis are even less clearly defined. No random-
ized clinical trial has compared conservative management
with decompressive surgical therapy. In the absence of
surgery, symptoms may remain stable, spontaneously
progress, or improve with time. Some patients do appear to
benefit from surgery, although the duration of benefit is
unclear and serious complications are frequent in this el-
derly population. Surgical consultation seems appropriate
for those with recalcitrant, severe neurogenic claudication
or with major neurologic compromise. Definitive guide-
lines for the management of these patients await scientific
evidence defining an optimal treatment plan.

ISSUES DURING THE COURSE OF
HOSPITALIZATION

For those patients with severe regional back pain, pain
control, mobilization, and return to effective coping are the
main goals of treatment. After that, the natural history
favors a return to health. Function and independence are
best preserved by early mobilization, while prolonged bed
rest promotes debility and disability. An accumulation of
evidence supports continuation of usual activity as toler-
ated rather than even a short period of bed rest in most
cases. Severe pain or the presence of a motor deficit may
warrant a limited period of bed rest, but early mobilization
should be the goal.

Physical therapists can assist the patient with transfers
and ambulation and should be an integral part of the
hospital management of the patient with severe regional
back pain. Occupational therapy to assist with activities of
daily living and encourage independent function may also
be helpful. Specific exercises are counterproductive and
have no role in the management of acute back pain.

Osteoporotic vertebral fractures have typically been
treated with longer periods of bed rest, up to 1–2 weeks in
some cases. We would advise otherwise. Although longer
periods of bed confinement may be dictated by the pa-
tient’s condition, early mobilization should still be the

goal. Prolonged bed rest, which is associated with decondi-
tioning and other risks of immobility, may actually
accelerate bone resorption. The prior recommendations re-
garding physical and occupational therapy apply here also.
Women with previous vertebral fractures are at higher risk
for additional fractures, and this risk is highest (19% over-
all) in the first year following fracture (10). This risk un-
derscores the importance of appropriate medical treatment
of the underlying osteoporosis, with a goal of preventing
recurrent fractures.

Percutaneous vertebroplasty and kyphoplasty are in-
creasingly being used to treat painful osteoporotic com-
pression fractures refractory to conservative management.
Both procedures involve the injection of polymethyl-
methacrylate bone cement into the involved vertebral body
using radiologic guidance with fluoroscopy or computed
tomography. In kyphoplasty, the vertebral body is first
expanded using an inflatable device, and then injected.
Although high success rates in terms of pain relief have
been reported, these procedures have not been studied in
randomized clinical trials. Complication rates are report-
edly low, but serious complications can occur; these
include spinal cord or nerve root injury and embolism of
the bone cement to the pulmonary arteries. Watts et al
(11), in a review of these procedures, recommended that
they be used only in carefully selected patients with severe
persistent pain, by experienced operators, and ideally in
centers that participate in controlled clinical trials. We
would advise caution until randomized clinical trials have
clearly demonstrated the efficacy and long-term safety of
these procedures.

The importance of the therapeutic relationship between
physician and patient in treating back pain should not be
underestimated. An attitude of optimism should be main-
tained by the treating physician and all allied health
professionals. There is no reason to feel or communicate
desperation when treating any patient with severe regional
back pain who has no major neurologic compromise,
especially as regional back pain associated with herniated
disk, spinal stenosis, compression fracture, or nonspecific
causes in many cases will improve with time. The clinician
should work with the patient to identify any psychological
issues that might be interfering with coping. Regional back
pain is a remittent and intermittent predicament of life
(12). There is no substitute for a caring attitude on the part
of the physician, with reassurance that the patient is not
alone in facing pain.

DISCHARGE ISSUES

Discharge planning should consider patients’ home and
work situations and ability to function independently in
those settings. Social work consultation may identify
resources available to help patients cope with the functional
limitations imposed by their condition. Those patients with
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regional back pain for whom surgical referral is not required
will be ready for discharge when their symptoms are ade-
quately controlled on oral analgesics and they are able to
function safely and adequately in the home environment.

Patients with regional low back pain should be instructed
to avoid heavy lifting, prolonged sitting, and bending or
twisting the back for a limited period of time. Low-stress aer-
obic exercise as tolerated may be beneficial (4). Temporary
modifications of job-related activity may help facilitate the
return to work; however, this is no substitute for addressing
issues that relate to job satisfaction.

Patients with osteoporotic fractures should be followed
over time for progressive deformity or neurologic compro-
mise. Medical treatment to deter further loss of bone den-
sity and prevent subsequent fractures should be considered
as an integral part of the management of osteoporotic
compression fractures (13).

COST CONSIDERATIONS AND
RESOURCE USE

The key to the cost-effective management of back pain is
appropriate outpatient treatment that maximizes patient
benefit while avoiding unnecessary hospitalizations, inef-
fective therapies, and unwarranted imaging procedures.
Assuming optimal outpatient management with an appro-
priate decision to hospitalize and image the patient, the
cost of inpatient medical treatment of regional back pain
will largely be a function of the length of stay. The timely
coordination of resources such as physical therapy, occu-
pational therapy, social work, and home assistance will
likely reap dividends in terms of earlier mobilization and
discharge. Unnecessary drug costs can be reduced when
generic NSAIDs are chosen over more expensive but no
more efficacious alternatives.

KEY POINTS

■ Back pain is a common complaint that usually responds
to conservative outpatient treatment. Hospitalization
for medical management is indicated in a minority of
patients.

■ Emergent imaging and surgical consultation are indi-
cated for the cauda equina syndrome. Immediate surgical
referral is also warranted for progressive or severe neuro-
logic deficits, instability resulting from bony destruction
by infection or neoplasm, spinal epidural abscess, and
major trauma.

■ Beyond these urgent indications, hospitalization for
medical management is indicated when there is a serious

“red flag” condition, when pain is incapacitating and re-
fractory to outpatient management, or when the patient
is incapable of self-care and independent function and
does not have adequate assistance in the home setting.

■ For severe regional back pain, nonsteroidal antiinflam-
matory medications and early mobilization are the
mainstays of therapy.

■ Osteoporotic vertebral compression fractures can cause
incapacitating pain and debility. Analgesia and mobi-
lization are primary short-term goals; medical therapy to
prevent further bone loss and subsequent fractures is
critical.

■ Serious disorders, such as infection and malignancy,
should be treated in consultation with the appropriate
specialists.
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INTRODUCTION

The key to evaluating patients with neurologic symptoms
is to obtain an adequate neurologic history. Many hospi-
talized patients are unable to give a full history because of
an altered mental state or severe medical illness. Histori-
cal accounts by firsthand observers (family members,
friends) become essential. The neurologic history informs
the search for pertinent findings on the neurologic exam-
ination.

The neurologic history and examination are critical
for localization of disease to the central nervous system
(CNS), peripheral nervous system (PNS), or a nonneurologic

source. Analysis of the symptoms and signs determines the
neurologic differential diagnosis, which in turn guides
further history and examination. The importance of this
point cannot be overemphasized, because hospitalized
patients are accessible for repeated evaluations. Simply
obtaining additional history and repeating the examina-
tion often spares patients from ill-directed and expensive
investigations.

This chapter describes common neurologic symptoms,
signs, and diagnostic tests. Symptoms and signs are orga-
nized by the order in which they appear in a typical neuro-
logic examination. A differential diagnosis is presented
whenever possible. The readings listed at the end of this
chapter cover clinical evaluation and management of spe-
cific neurologic diseases.

SYMPTOMS AND SIGNS

Headache

The top clinical priority is to determine if headache reflects
serious intracranial pathology that requires acute interven-
tion. The presence of new headache increases the likeli-
hood of a serious cause, while a change only in severity or
location of pain (particularly in the setting of chronic
headache) is far less worrisome from the standpoint of
structural brain disease. A new headache that reaches peak
intensity within one or two seconds suggests intracranial
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hemorrhage (Table 115.1; also see Chapter 117).
Headache precipitated by the supine position that im-
proves with standing suggests elevated intracranial pres-
sure. Headache precipitated by standing and relieved by the
supine position suggests low intracranial pressure. Such
low-pressure headaches usually are caused by a cere-
brospinal fluid (CSF) leak, most commonly following lum-
bar puncture (LP). An LP headache typically resolves spon-
taneously over 4–7 days and is treated with bedrest and
simple analgesics.

New headache associated with systemic signs, including
fever, stiff neck, rash, or arthritis, may reflect sepsis or
meningitis. If bacterial meningitis is suspected (e.g., stiff
neck) and focal neurologic findings are absent, then LP can
be performed without prior brain neuroimaging. Neu-
roimaging ideally should precede spinal fluid examination
when papilledema, other evidence of elevated intracranial
pressure (ICP), or focal CNS neurologic findings are pre-
sent. In patients with cancer or immunosuppression, new
headache may be due to brain metastasis, carcinomatous
meningitis, brain abscess, or infectious meningitis. Neu-
roimaging may be followed by LP if midline shift of brain
structures or obstructive hydrocephalus resulting in a CSF
pressure differential between the brain and the spine are ab-
sent. In elderly patients with new headache, structural brain
disease and temporal arteritis are important and treatable
considerations. New-onset posterior cervical headache
should raise the suspicion for upper cervical spine structural
disease (metastatic tumor, osteomyelitis, or arterial dissec-
tion) which may refer pain to the posterior cranium.

Although headache is a common symptom among
inpatients, it is not usually the primary reason for hospital-
ization. Many systemic disorders result in headache, in-
cluding hypercapnia, hypoxia, anemia, sepsis, chronic re-
nal failure, hypoglycemia, hypercalcemia, hypernatremia,
and thyrotoxicosis. Headache also may be caused by med-
ications (Table 115.2). Outpatients with chronic headaches
treated regularly with analgesics may develop withdrawal
symptoms or rebound headaches if the analgesics are dis-
continued during hospitalization. A methodical review of
the relationship between recent medication changes and

new headaches is important. Patients with drug-induced or
withdrawal headaches should receive short-term symp-
tomatic treatment while more significant medical issues are
managed.

The approach to benign causes of headache (migraine,
tension headache) requires an accurate diagnosis, followed
by either nonpharmacologic or pharmacologic intervention.
Acute migraine or tension headaches often respond to simple
analgesics (aspirin, acetaminophen, nonsteroidal anti-
inflammatory drugs). Serotonergic agents (e.g., sumatrip-
tan), ergots (ergotamine), or a combination of isomethep-
tene, acetaminophen, and dichloralphenazone (Midrin), are
helpful for acute-subacute headache if simple analgesics are
ineffective and there are no medical contraindications. Opti-
mal management of frequent, chronic headache is best per-
formed in an outpatient setting where management can be
tailored to the patient’s activities of daily living.

Delirium and Dementia

The hospital physician must be able to distinguish delirium
from dementia at the bedside. Delirium refers to an acute
confusional state with a fluctuating level of alertness. De-
mentia is a chronic, progressive cognitive deterioration,
typically with impaired recent memory but normal level of
alertness. Delerium (encephalopathy) is common among
patients with severe systemic illness or primary CNS disor-
ders. The physician should begin to assess mental status
(including attention, memory, insight, and abstract reason-
ing) during his or her initial interactions with the patient,
and decide if further formal testing is necessary.

The screening bedside mental status examination tests
circumscribed cognitive abilities (Table 115.3). The results
must be interpreted in the cultural and educational context
of the patient. For example, simple arithmetic may chal-
lenge an uneducated patient, while difficulty with complex
calculations may suggest cognitive deterioration in an ac-
countant. Initial testing of orientation and attention consists
of eliciting the patient’s name and the month, year, city,
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TABLE 115.1
HISTORICAL RISK FACTORS FOR SERIOUS
BRAIN DISEASE IN PATIENTS 
WITH HEADACHE

Sudden-onset headache (1–2 seconds)
New headache, particularly in the elderly
Postural headache—supine or standing
Headache associated with fever, rash, stiff neck, or arthritis
New headache in immunosuppressed patients
Headache associated with focal neurologic symptoms or signs
Headache that awakens the patient from sleep

Calcium channel blockers
Cimetidine, ranitidine
Indomethacin, diclofenac
� blockers
Ranitidine
Trimethoprim–

sulfamethoxazole
Isosorbide dinitrite
Estrogen
Cyclosporine

Nitroglycerine
Oral contraceptives
Tamoxifen
Danazol
Methylprednisolone
Tetracycline
Aspartame
Alcohol
Monosodium glutamate (MSG)

TABLE 115.2
COMMON CAUSES OF DRUG-INDUCED
HEADACHE
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and hospital. The daily routines of the hospital frequently
cause patients to confuse day of the week and date. On the
other hand, nearly all unimpaired patients can recall tele-
phone numbers and can immediately and accurately repeat
a sequence of seven digits forward (e.g., digits span) or spell
the word world backwards. Attention is a crucial determi-
nant of recent memory. If ability to pay attention is im-
paired, recent memory testing becomes inaccurate. Tests of
recent memory (e.g., recall of three objects after five minutes)
should incorporate commonly used objects to avoid cul-
tural bias. Calculation performance depends upon the pa-
tient’s educational achievement and ability. Qualitative as-
sessment of mood and general knowledge occurs during the
general medical history. The widely used Short Portable
Mental Status Questionnaire (Table 16.3) is useful when
screening for dementia. Detailed formal neuropsychologi-
cal testing is particularly helpful in differentiating dement-
ing conditions, including depression (pseudodementia),
from true dementia.

Delirious patients are disoriented and exhibit poor
attention. Although drowsiness or agitation may predomi-
nate; these features often fluctuate during the examination.
Visual hallucinations, restlessness, or lability of mood
are common. Examination findings common in delirium
are fever, tachycardia, postural tremor, asterixis, or myo-
clonus. Delirium must be managed promptly to prevent
the consequences of poor patient judgement. Reassurance
in a supportive and closely supervised environment may be
adequate. The use of sedatives or restraints should be
preceded by discussion with the patient and family regard-
ing their necessity for the patient’s safety (e.g., to prevent
falls or inadvertent self injury). The differential diagnosis of
delirium is determined by individual circumstances (Table
115.4). Delirium in hospitalized patients is often multifac-
torial and treatable. Care should be taken to avoid assum-
ing that a single cause is present. Medications commonly
cause or contribute to delirium. A review of the patient’s
medication list (Table 115.5), with special attention to the

risks of polypharmacy, new drugs, changes in drug dose, or
recent discontinuation of drugs, is mandatory.

Hopitalization of an elderly patient with limited or
unknown cognitive function at baseline is common, and
delirium may initially obscure an underlying dementia.
Dementia frequently complicates the medical history and
examination in hospitalized elderly patients (Chapter 16).
The most common type of dementia (Alzheimer’s disease,
or AD) is characterized by slowly progressive behavioral and
cognitive deterioration, and often presents with diminished
recent memory and relative preservation of alertness. Pre-
served social function may obscure the cognitive deficit ini-
tially. The initial clues may be limited to subtle behavioral
or personality changes apparent only to friends and family.
Asking family members about observed deterioration in
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TABLE 115.3
BEDSIDE TESTS OF MENTAL STATUS

Function Test

Orientation Month, year, name
Attention/concentration Spell “world” backwards, digit span

forward
General knowledge Historical figures, current events
Memory Recall 3 objects at 5 min

Number of animals named in 1
minute

Abstract reasoning Similarities/differences comparing
common objects

Calculation Subtraction of serial sevens

Table 16.3 shows the more detailed Short Portable Mental Status
Questionnaire.

TABLE 115.4
COMMON CAUSES OF DELIRIUM

Cause Test

Metabolic
Hyponatremia, hypernatremia Sodium
Renal failure Blood urea nitrogen,

creatinine
Hypoxia, ischemia pO2

Hypoglycemia, hyperglycemia Glucose
Hypothyroidism, hyperthyroidism Thyroid function tests
Recreational drugs Toxicology screen
Alcohol intoxication/withdrawal Alcohol level, osmolarity
Other drugs (Table 115.5) Review medications
Hypercalcemia, hypermagnesia Calcium, magnesium
Hypophosphatemia Phosphate

Infectious
Sepsis Cultures, CBC, chest

radiograph, UA
Meningitis LP, cultures, CBC

Neurologic
Subarachnoid hemorrhage Brain CT, LP
Cerebral infarction Brain CT or MRI
Seizures, postictal state Consider brain CT/MRI,

electroencephalogram

CBC, complete blood count; CT, computed tomography; LP, lumbar
puncture; MRI, magnetic resonance imaging; pO2, partial pressure of
oxygen; UA, urinalysis.

TABLE 115.5
MEDICATIONS THAT COMMONLY 
CAUSE DELIRIUM

Barbiturates
Anticholinergics
Clonidine
Digitalis
Anti-parkinsonian drugs
Lithium
Glucocorticoids

a Particularly common in hospitalized patients.

Opiate analgesicsa

Benzodiazepinesa

Cimetidine, ranitidinea

Antihistamines
Antipsychotics
Tricyclic antidepressants
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cognitive activities of daily living (managing finances, re-
membering appointments) is often useful, since the family
may already have intervened to help the patient. The history
from family, friends, or coworkers is extremely helpful, be-
cause these patients frequently deny that a problem exists.
Tests of immediate attention (e.g., digit span) are preserved,
but tests of recent memory (e.g., events of the past day) are
impaired. A wide range of cognitive problems eventually
appears. Insight and motivation diminish, and thought
processes become less flexible. Eventually, there may be
impairment of language (aphasia), recognition (agnosia),
or execution of motor tasks (apraxia).

The investigation of dementia is directed at searching for
potentially treatable conditions including vitamin B12 defi-
ciency, hypothyroidism, normal pressure hydrocephalus,
AIDS, chronic CNS infection (i.e., tertiary syphilis), or
pseudodementia (depression). Differentiating AD from
other neurodegenerative diseases has become more impor-
tant now that FDA-approved therapies for AD have become
available. Depression is a frequent and treatable accompa-
niment of illness and hospitalization, and can be difficult
to distinguish from dementia without formal cognitive
testing (Chapter 119). Outpatient evaluation after recovery
from acute illness may be needed to make this distinction
clear.

Pupillary Responses

The pupillary responses are critical neurologic signs to elicit
in patients with coma or an acute CNS deficit. Light di-
rected into either eye provides the stimulus for optic nerve
afferent input to midbrain nuclei. Efferent parasympathetic
nerve fibers travel in the third cranial nerve to produce bi-
lateral pupillary constriction (miosis). Sympathetic path-
ways in the brainstem and cervical spinal cord eventually
exit at the T1 nerve roots, pass rostrally over the ipsilateral
carotid arteries, and along the fifth cranial nerves to medi-
ate pupillary dilatation (mydriasis). A history revealing use
of medications or other drugs that affect pupil size, previ-
ous eye surgery, or recent mydriatic eyedrop use (atropine
results in an unreactive, dilated pupil without ptosis) can
easily establish an explanation for many pupillary abnor-
malities. Bilaterally dilated pupils are seen with administra-
tion of anticholinergics (atropine) or sympathomimetics
(recreational stimulants, hallucinogens), in thyrotoxicosis,
and in severe anxiety states. Bilaterally constricted pupils oc-
cur with administration of opiates, alcohol, barbiturates,
phenothiazines, and pilocarpine.

The pupils are normally round and equal in size. Both
pupils normally constrict in symmetric fashion in re-
sponse to light directed into one eye. The direct response
is constriction of the ipsilateral pupil. The consensual re-
sponse is pupillary constriction in the opposite eye. Minor
fluctuations in ambient light result in small and rapid
physiologic variations of pupillary diameter (hippus). The
normal pupils of adults are 3–4 mm in diameter, and are

larger in chilren and smaller in older adults (“senile mio-
sis”). The latter may not react briskly. Physiologic aniso-
coria denotes a normal degree of pupillary asymmetry (up
to 1mm). Bedside examination of pupils includes inspec-
tion of pupil size, response to light (eyes looking ahead)
and accommodation (eyes converging), and assessment of
nearby midbrain and pontine neurologic functions (ab-
normalities of eye movement, corneal responses, facial
sensation).

The single most important pupillary abnormality to rec-
ognize at hospital admission or during hospitalization is a
new dilated (6–9 mm) pupil. This finding should always
trigger consideration of early brain herniation resulting
from a mass lesion (e.g., focal brain swelling, acute cerebral
hemorrhage, brain abscess, brain tumor) compressing the
parasympathetic pupillary fibers that mediate pupillary
constriction in the third cranial nerve (Chapter 117). Sub-
sequent dilatation of the other pupil implies further brain
herniation. Immediate neuroimaging and neurosurgical
consultation is necessary in the setting of a new dilated
pupil. Of note, some noncompressive causes of third-nerve
palsy spare the pupillary response; diabetes is the most
common example. Midposition (3–4 mm), unreactive
pupils may indicate further herniation involving both the
midbrain and pons, and almost always carry a poor
prognosis.

Dizziness and Vertigo

Dizziness is a nonspecific symptom of diverse etiology,
variously described as unsteadiness, light-headedness,
spinning, or blurring of vision. Vertigo is a perception of
movement experienced as spinning of the surroundings
or self; less commonly dysequilibrium is described as
“rocking” in vertical or horizontal planes, as in a boat
(Table 115.6). Vertigo is normal if there is an acute mis-
match of input from visual, somatosensory, and vestibular
systems that normally control balance (seasickness). Ver-
tigo of PNS origin is sometimes associated with hearing
loss or tinnitus, but is unassociated with other CNS
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TABLE 115.6
SELECTED CAUSES OF VERTIGO

Peripheral nervous Central nervous
system system

Vestibular neuronitis Vertebrobasilar ischemia
Benign positional vertigo Temporal lobe disease (rare)
Meniere’s syndrome Brainstem/cerebellar glioma
Cerebellopontine angle tumor or AVMa

Drug-induced Demyelinating disease
Post-traumatic Posterior fossa mass lesions
Systemic infection, hypotension Hereditary spinocerebellar

degeneration

a AVM, arterio-venous malformation
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findings such as hemiparesis. Vertigo of CNS origin results
in milder, less specific vertigo; “spinning” vertigo is less
common. Other neurologic symptoms and signs suggestive
of a CNS lesion are often present.

Peripheral nervous system pathology affects the vestibu-
locochlear apparatus or the vestibular division of the eighth
cranial nerve. The Hallpike maneuver commonly is used to
assess presumptive peripheral vertigo. The patient is posi-
tioned with the shoulders at the edge of the examination
table, and the head is extended and rotated to one side. Gaze
is directed toward the rotated side by having the patient
focus upon the examiner’s finger. An affected patient may
exhibit nystagmus, report vertigo, or both. The maneuver is
repeated to the opposite side after the head has been
returned to neutral position and the nystagmus and vertigo
have stopped. Vertigo of PNS origin exhibits fatigability
(attenuation of vertigo while maintaining the triggering po-
sition) and habituation (less severe and shorter duration
vertigo with repeated assumption of the triggering posi-
tion). Peripheral vertigo may also exhibit a latency to onset,
typically lasting a few seconds. These examination charac-
teristics can be used to suggest a benign cause of vertigo
that can be treated symptomatically. Nystagmus associated
with vertigo is usually unidirectional, with the fast phase
away from the involved side. Benign positional vertigo is
strongly suggested by provoking nystagmus or vertigo dur-
ing the Hallpike maneuver. Symptomatic treatment options
for benign causes of acute or subacute vertigo of peripheral
origin include bedrest, the Epley maneuver (three times per
day until vertigo is gone for 24 hours [1]), or medications
such as anticholinergics (scopolamine), antihisthamines
(meclizine), or benzodiazepines (diazepam).

Central nervous system causes of vertigo involve the
vestibular nuclei or their connections in the brainstem, cere-
bellum, and cerebral hemispheres (less common). Individ-
ual bouts may occur spontaneously without movement as a
trigger. Central vertigo often lacks habituation, fatigability,
and latency to onset. Progressive unilateral hearing loss
should alert the physician to a possible cerebellopontine
angle tumor. Hearing loss is the most frequent presenting
symptom, but vertigo is present in 20%. Vertebrobasilar
artery ischemia can produce abrupt isolated vertigo, but
other CNS symptoms and signs are usually present.

Dysphagia of Neurologic Etiology

Dysphagia can be caused by neurologic disease (Table 115.7)
involving cranial nerves IX or X (resulting in dysfunction of
the soft palate), cranial nerve XII (resulting in tongue wasting
or weakness when protruded against the buccal mucosa), or
bilateral upper brainstem or cerebral hemisphere disease
(i.e., pseudobulbar palsy from multiple cerebral infarctions
or multiple sclerosis). Dysphagia should trigger diagnostic
consideration of upper motor neuron, cranial nerve, neuro-
muscular junction, or myopathic disorders. The history often
allows the examiner to differentiate between mechanical and

neuromuscular causes of dysphagia (Chapter 79). Dysphagia
resulting from oropharyngeal disease causes difficulty imme-
diately on attempted swallowing. Weakness of muscles that
elevate the soft palate may result in nasal regurgitation of
liquids and nasal speech. Neuromuscular esophageal disease
results in discomfort that occurs later after swallowing and is
located in the lower neck or upper chest. Neurologic exami-
nation can assess the oropharynx directly but is not helpful
for esophageal disease.

Movement Disorders

Involuntary movements often reflect systemic illness,
drug effects, or neurologic disease. The most common
movement disorders are tremor, bradykinesia, dystonia,
choreoathetosis, asterixis, and myoclonus. Accurate de-
scription of the abnormal movement suggests the differen-
tial diagnosis.

Tremor is a rhythmic involuntary movement of a body
part that can be classified as postural (action) or rest.
The most common tremor (postural tremor) is a high-
frequency (8–10 beats per second), low-amplitude, rhyth-
mic oscillation of the hands and fingers noted readily with
the upper limbs outstretched against gravity. The tremor
stops if the arms and hands are supported at rest. The
differential diagnosis includes essential tremor, hyperthy-
roidism, sepsis, and sympathetic overactivity states (often
due to sympathomimetic drugs). The hands are affected
first, but later involvement of the head and neck is common.
Symptomatic treatment with propranolol or mysoline may
be necessary if the tremor is sufficiently embarrassing in
social circumstances or impairs functional activities. Postu-
ral tremor of unknown cause (essential tremor) is hereditary
in at least one-half of patients, worsens under stressful
conditions, and is relieved with sedatives. In contrast, rest
tremor occurs while the arms are supported at rest and be-
comes less prominent with arm movement. The tremor 
is low in frequency (2–4 beats per second), higher 
in amplitude, and rhythmic. The best example is the 
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TABLE 115.7
NEUROLOGIC CAUSES OF DYSPHAGIA

Oropharyngeal Esophageal

Amyotrophic lateral sclerosis Achalasia
Brainstem stroke or tumor Vagus nerve injury–diabetes,
Multiple sclerosis post-vagotomy
Myasthenia gravis Scleroderma
Tardive dyskinesia Dysautonomia
Myopathy Esophageal spasm
Syrinx Amyloidosis
Spinocerebellar degeneration Myopathy
Arnold-Chiari malformation
Parkinson’s disease
Tardive dyskinesia (drug-related)
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pill-rolling tremor of Parkinson’s disease. Intention tremor is
an action tremor that worsens during voluntary movement
toward a target. This tremor often is detected by movement
of the patient’s finger alternately between the examiner’s
finger held at arm’s length and the patient’s nose
(finger–nose testing). The tremor worsens as the patient’s
finger is moved closer toward the intended target, such that
the target is missed (past-pointing) frequently. Intention
tremor is specific for the cerebellum, or associated afferent
or efferent pathways.

Dystonia refers to an abnormal, involuntary posture of a
limb or body part due to abnormal tension in resting mus-
cles that interferes with normal voluntary movement.
Chronic antipsychotic medication use causes tardive dysk-
inesia, while recreational drugs tainted with phenoth-
iazines may cause an acute dystonic reaction that remits
with anticholinergic medications. Chorea refers to involun-
tary, rapid, irregular, dance-like movements that are usually
focal and most prominent in the distal extremities. Atheto-
sis consists of slower, snake-like involuntary movements of
the proximal limbs or trunk. The simultaneous combina-
tion of these two movements (choreoathetosis) is common.
The differential diagnosis of choreoathetosis includes both
untreatable (e.g., basal ganglia cerebral infarction or hem-
orrhage) and treatable disorders (Table 115.8). Patient
medications should always be reviewed as possible causes.
Many hereditary neurodegenerative conditions also cause
chorea (i.e., Huntington’s disease).

Myoclonus and asterixis are often neurologic markers of
systemic metabolic disease on an inpatient medical service.
Myoclonus is a sudden, arrhythmic, asymmetric involuntary
muscle contraction that produces focal or generalized jerk-
ing movements. Myoclonus can be a normal accompani-
ment of falling asleep. Multifocal myoclonus occurs com-
monly among hospitalized patients with hypoxic-ischemic
encephalopathy. Other causes include electrolyte distur-
bances, liver failure, renal insufficiency, epilepsy, en-
cephalitis, and neurodegenerative disease. Myoclonus that
results from seizures needs to be distinguished from myo-
clonus resulting from other causes because treatment is dif-
ferent (Chapter 118). Electroencephalography (EEG) is
helpful to determine if the myoclonic movements are cor-
tical (seizures) or subcortical in origin (myoclonus). Aster-
ixis, in contrast to myoclonus, consists of sudden loss of
postural muscle tone rather than sudden involuntary mus-
cle contraction. Myoclonus and asterixis can be distin-
guished at the bedside by instructing the patient to hold the
arms outstretched with the wrists in extension, palms fac-
ing forward. The failure to maintain this wrist extension
against gravity indicates either a sudden loss of forearm ex-
tensor muscle tone against gravity (asterixis) or active fore-
arm flexor muscle contraction (myoclonus). Turning the
arms over so that wrist extension is no longer against grav-
ity eliminates asterixis, but not myoclonus. Asterixis can be
caused by drug intoxication, renal failure, liver failure, or
meningitis. Both asterixis and myoclonus usually resolve
with correction of the underlying metabolic abnormality.

Weakness

A systematic approach is mandatory in evaluating the
symptom and examination finding of weakness. Patients
use the term weakness to describe almost any functional
limitation of motor activity. The initial goal of clinical
evaluation is to distinguish true neurologic from non-
neurologic weakness. The distribution of weakness (e.g.,
hemiparesis, distal symmetric) and associated neurologic
examination findings (pattern of sensory loss, muscle tone,
reflexes) determines the neuroanatomic site of pathology
and the differential diagnosis. The symptom of weakness
can be nonneurologic and caused by generalized fatigue,
impaired focal sensation, pain during attempted limb
movement, or lack of effort secondary to systemic illness or
depression. The physician must distinguish these forms of
weakness as a symptom from weakness as a neurologic ex-
amination finding.

The examination finding of weakness can also be non-
neurologic in origin. Nonneurologic weakness is observed
as breakaway weakness, defined as variable muscle power de-
tected by the examiner during testing of a specific muscle.
When breakaway weakness is found, it is important to ask
the patient if power testing of the muscle exhibiting the
breakaway weakness is painful. Painless breakaway weak-
ness results from poor effort and implies a behavioral
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TABLE 115.8
SOME TREATABLE CAUSES OF CHOREA

Acute rheumatic fever
Systemic lupus erythematosus
Anti-phospholipid antibody syndrome
Hyperthyroidism
Hypoparathyroidism
Polycythemia vera
Pregnancy (chorea gravidarum)
Wilson’s disease
Porphyria
Toxins-alcohol, carbon monoxide, manganese, mercury, thallium
Metabolic

Hypernatremia or hyponatremia
Hypomagnesemia
Hypocalcemia
Hyperglycemia or hypoglycemia

Drugs
Neuroleptics
Anticonvulsants
Calcium channel blockers
Ranitidine, cimetidine
Anabolic steroids
Estrogens
Tricyclics
Anti-parkinsonian

Amphetamines, cocaine
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component to the observed weakness. However, it is incor-
rect to conclude that a behavioral disorder alone is present;
many of these patients also have an underlying neurologic
disorder. Patients with painful breakaway weakness are
more difficult to evaluate because the integrity of the mus-
cle and supplying nerve cannot be assessed by examination
of muscle power. Breakaway weakness with pain occasion-
ally is accompanied by underlying true neurologic weak-
ness. The findings for each involved muscle should be
reported as “breakaway weakness associated with pain” or
“breakaway weakness unassociated with pain” given that
the causes of these two observations are different and may
coexist in the same patient. Electromyography and nerve-
conduction studies are helpful in this circumstance to
distinguish true underlying neurologic weakness from
breakaway weakness.

True neurologic weakness is loss of muscle power de-
tected as a lack of expected strength for a given muscle. The
weakness appears on examination as reduced and constant
muscle power during maximal muscle contraction, and
arises from lesions of the CNS or PNS. CNS weakness has a
characteristic distribution. Distal muscles are more affected
than proximal muscles. Extensor muscles are more affected
than flexors in the arms and dorsiflexors are affected more
than plantar flexors in the legs. Power testing of finger ex-
tensors or toe dorsiflexors are excellent screening tests of
muscle power when searching for CNS weakness. In con-
trast to PNS disorders, CNS weakness does not conform to
a pattern of muscles innervated by a single nerve or nerve
root. Muscle tone may be spastic, flaccid, or normal in the
setting of an acute CNS injury, but nearly always becomes
spastic within a few days. Spasticity is a velocity-dependent
increase in resistance to passive movement of a limb, and
indicates CNS injury to upper motor neurons. Testing for
spasticity is best accomplished with the patient supine and
limbs relaxed. The arm or leg is moved through its range of
motion at slow velocity first, then at rapid velocity. Mild
spasticity may be detectable only during rapid movement
of a limb. Other neurologic signs are sensitive for detecting
mild CNS weakness. Fast, repetitive tapping of the index
finger to the thumb (“fast finger movements”) or foot tap-
ping on the floor or against the examiner’s hand are slowed
(but of regular rhythm) compared with an unaffected hand
or foot. With palms facing upward, fully outstretched arms
often pronate with CNS weakness (pronator drift). CNS
weakness is graded as mild, moderate, or severe, depending
upon the degree of motor impairment.

PNS weakness results from disease of the motor unit. The
motor unit is the entire motor nerve cell, axon, neuromus-
cular junction, and the muscle fibers the motor nerve cell
supplies. Injury along the motor unit causes weakness. De-
termination of where the injury is located along the motor
unit narrows the differential diagnosis. For example, if sen-
sory loss is present, injury must be to the nerves, plexuses,
or nerve roots because the anterior horn cells, muscle cells,
and neuromuscular junctions do not contain sensory nerve

fibers. If the weakness is accompanied by sensory loss in a
distal, symmetric fashion most severely affecting the feet,
then a distal symmetric sensorimotor polyneuropathy
(length-dependent polyneuropathy) is probably present. Prox-
imal, symmetric weakness suggests a myopathy or neuro-
muscular junction disorder. Reflexes are typically normal
in myopathies and diminished in the distribution of the
weakness in neuropathies.

Sensory Examination

Appropriate elicitation and interpretation of sensory signs
is difficult at best. Extensive patient cooperation is usually
necessary, the tests are qualitative and prone to technical er-
ror, and results depend upon an accurate patient descrip-
tion of the deficits. These limitations are more problematic
among hospitalized patients. Patients with sensory deficits
from peripheral nerve disorders commonly are assessed
semiquantitatively with nerve-conduction studies.

The ability to distinguish sensory symptoms from sensory
examination abnormalities is crucial. Common sensory
symptoms unaccompanied by neurologic findings are pares-
thesias or pain. Paresthesia refers to an abnormal subjective
perception of sensation, but does not include a loss or
diminution of sensation. A “pins and needles” sensation is
the most common description used by patients. Paresthesias
are an abnormal “positive sensory” symptom that arises in
the CNS or PNS. They are generated by spontaneous
activation of sensory receptors or nerve fibers, or an excessive
nerve fiber response to normal cutaneous receptor stimula-
tion. Metabolic disorders, CNS or PNS injury, or mechanical
distortion of nerves (e.g., Tinel’s sign seen in carpal tunnel
syndrome) may trigger paresthesias. The significance of
paresthesias depends upon the clinical context. The
likelihood of an underlying neurologic cause increases dra-
matically if accompanied by neurologic examination abnor-
malities (i.e., weakness, focal reflex changes, sensory loss) in
the same distribution. The absence of neurologic examina-
tion findings suggests a metabolic cause. The qualitative
description by patients varies considerably because abnor-
mal sensation does not reflect the normal orderly recruit-
ment of sensory nerve cells that occurs with natural stimuli.

“Negative sensory” symptoms result from diminution or
loss of sensory function. The severity and distribution of di-
minished sensation is more reliable in defining and local-
izing a neurologic deficit than positive sensory phenomena
such as paresthesias or pain. Sensory modalities commonly
tested are touch, position, vibration, pain, or temperature.
Specific nerve, nerve root, or spinal cord syndromes associ-
ated with diminished sensation are best detected with the
help of a practical examination guide or diagrams that in-
clude the distribution of nerve roots and peripheral nerves
(Figure 115.1). Side-to-side comparison of analogous skin
regions of the feet, hands, and face is a useful screen for
touch, pain, and temperature; asymmetry of the findings is
a sensitive and reliable indicator of an abnormality. If
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sensory examination findings do not conform easily to a
CNS or PNS pattern of involvement, neurologic consulta-
tion is advisable.

The sensory loss associated with a typical progressive
sensorimotor polyneuropathy spreads from the toes to the
knees, then simultaneously from the knees into the lower
thighs and the hands in a circumferential distribution. If
sensory loss has spread to the waist or upper thighs without
hand involvement, the examiner should consider the pos-
sibility of a spinal cord lesion. A spinal cord sensory level of-
ten can be detected with a cotton swab or pin used to test
posterior paraspinal sensation from the upper neck to the
sacrum on both sides. The sensory level is described as the
dermatomal level below which sensation is reduced or lost.
As a practical matter, finding a sensory level determines the
initial anatomic target for neuroimaging (i.e., a T6 sensory
level will trigger a thoracic spine MRI scan).

Urinary Incontinence

Urinary incontinence is usually the result of nonneurologic
disease. A precise urologic history needs to be elicited and

is volunteered infrequently by patients. Stress incontinence
is the leakage of small urine volumes associated with
increased intraabdominal pressure, and usually occurs in
multiparous or postmenopausal women with pelvic
relaxation. A review of medication use, paying particular at-
tention to recent changes, is necessary (Table 115.9). Im-
portant changes from baseline habit include frequency and
quantity of voiding, difficulty initiating or maintaining
micturition, dysuria, urinary urgency, urinary retention,
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Figure 115.1 Dermatomes of the anterior and posterior body.

TABLE 115.9
URINARY INCONTINENCE AND DRUGS

Class/medication Effect on urination

Diuretics, alcohol, caffeine Polyuria
Tricyclic antidepressants Retention, overflow
Opiates Retention, overflow
Anticholinergics Retention, overflow
Antipsychotics Stress incontinence
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and nocturia. Once an initial screen for common medical
causes of urinary incontinence is complete, consideration
of neurologic causes is appropriate. A change in frequency
of nocturia over time is often an early symptom of me-
chanical obstruction of the urethra or neurologic disease.
Inability to sense the passing of urine or stool, or decreased
perianal sensation (e.g., ability to feel toilet paper) suggest
a neurologic cause of urinary incontinence.

Measurement of residual urine volume after a voluntary
attempt to empty the bladder (postvoid residual) is a
simple bedside test of bladder function that can help dis-
tinguish bladder dysfunction from the CNS or PNS. A high
volume bladder is classically due to PNS injury of parsym-
pathetic nerves to the bladder from bilateral S2–S4 spinal
segments, either outside the spine (i.e., diabetes) or inside
the spine but distal to the spinal cord (i.e., cauda equina
syndrome). This PNS injury also results in reduced detrusor
(bladder) muscle contractility and reduced urine flow.
Chronic bladder dysfunction following CNS injury results
in simultaneous contraction of the urinary sphincter and
bladder detrusor muscles (detrusor-sphincter dyssynergia).
The hyperrerflexive nature of this spastic bladder results in
sudden, unpredictable urges to urinate; the patient reports
frequency, urgency, and sudden urinary incontinence in
the setting of low postvoid residual urine volumes. Acute
CNS injury (i.e., spinal cord compression from tumor or
trauma) can result temporarily in a high postvoid residual
urine volume; the bladder muscle may be flaccid tem-
porarily before spasticity develops.

Bilateral spinal cord, brainstem, or brain involvement is
necessary to produce urinary incontinence of CNS origin.
Other neurologic examination signs of CNS involvement
are almost always present. Postvoid residual is small un-
til late in the disease. A low threshold for neurologic or
urologic consultation is advisable if the cause is unclear.
PNS causes of urinary incontinence (e.g., diabetic neuropa-
thy or cauda equina syndrome) often result in diminished
perianal or perineal sensation. Ankle reflexes may be absent.
Reflex contraction of anal sphincter muscles can be as-
sessed by stimulating the external anus on each side with a
pin. Unilateral or bilateral absence of reflex sphincter con-
traction suggests a PNS lesion or a suboptimal stimulus.

DIAGNOSTIC TESTS

Cerebrospinal Fluid (CSF) Examination

CSF analysis provides data regarding changes in chemical
composition of the fluid that bathes the brain, spinal cord,
and nerve roots. Indications for spinal fluid evaluation
include possible infectious or neoplastic meningitis, en-
cephalitis, subarachnoid hemorrhage, papilledema, en-
cephalopathy of unknown cause, CNS vasculitis, CNS or
PNS demyelinating diseases, or postural headache. CSF
analysis may lead to a specific diagnosis. Routinely exam-

ined parameters include glucose, protein, red cell count,
white cell count, and differential. CSF should be analyzed
immediately, or refrigerated if a delay in analysis is likely,
because 40% of white cells are lysed after two hours.
Typical CSF formulas seen in meningitis syndromes are dis-
cussed in Chapter 70.

Opening pressure (OP) is recorded with a manometer
after the subarachnoid space has been entered and the pa-
tient’s legs extended (to minimize any contribution to OP
by increased intra-abdominal pressure). Elevated OP in
the absence of head CT or MRI abnormalities is seen in
many different diseases (Table 115.10). A low OP may in-
dicate a spinal subarachnoid block or CSF leak. The CSF is
spun in a centrifuge, then inspected for pigments. Normal
CSF is clear. Xanthochromia is a yellow color that reflects
the presence of bilirubin. Xanthochromia is detected 2–12
hours after subarachnoid hemorrhage, is at its maximum
after 2 days, and persists for 2–4 weeks. It is essential to
differentiate between pigmented CSF from a traumatic
lumbar puncture (LP) and pathologic subarachnoid hem-
orrhage. Serial assessment of CSF during the LP, compar-
ing the red cell count in an early tube with that found in
a later tube, reveals visible clearing of the fluid and a
significant drop in red cell count by microscopic exam-
ination in the setting of an LP-induced traumatic hemor-
rhage. The spun CSF supernatant is normally clear unless
enough serum has entered the subarachnoid space that
there are more than 100,000 red blood cells per cubic mil-
limeter, the CSF protein level is greater than 150 mg/dL,
or the CSF was examined more than two days after the
first LP. In the latter circumstance, it can be difficult to dif-
ferentiate pathologic from an LP-induced subarachnoid
hemorrhage. Corrected white cell and protein values can
be extrapolated from CSF contaminated by traumatic
bleeding. For every 1,000 red cells present, subtract one
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TABLE 115.10
CAUSES OF INCREASED CEREBROSPINAL FLUID
PRESSURE DESPITE NORMAL OR
NONDIAGNOSTIC BRAIN IMAGING

Elevated central venous pressure
Meningitis and encephalitis
Respiratory failure
Postanoxic encephalopathy
Fulminant hepatic encephalopathy
Reye’s syndrome
Lead encephalopathy
Water intoxication/hyponatremia
Dural venous sinus occlusion
Pseudotumor cerebri
Spinal cord tumors
Acute polyneuritis (Guillain–Barré syndrome)

26410 ch 115  3/11/05  5:18 PM  Page 1171



white cell and 1 mg/dL of CSF protein. Other CSF studies
are helpful in specific clinical situations. Cytology can es-
tablish the diagnosis of neoplastic meningitis, and should
be performed rapidly after collection of fluid to avoid cy-
tolysis. Analysis of large CSF volumes (�20 mL) increases
the probability of tumor cell identification. Comparison
of immunoglobulin production within the CSF and in the
serum (IgG index) is a marker for an active immune re-
sponse within the CNS compartment. Polymerase chain
reaction studies are used to detect viral pathogens in CSF
(e.g., Herpes simplex).

Contraindications to LP are uncommon. The most
feared complication, brain herniation, occurs if brain vol-
ume is increased and CSF pathways are obstructed. With
hospital-based CT or brain MRI, direct visualization of the
brain in the setting of papilledemia or focal CNS deficits
has simplified decisions about performing a spinal fluid ex-
amination. Free communication along CSF pathways, even
in the presence of a mass lesion, implies that the risk of
brain herniation is low. Neuroimaging findings suggesting
a focal intracranial pressure differential (i.e., trapped ven-
tricle, midline shift, or early cerebellar or uncal herniation)
contraindicate LP. Severe thrombocytopenia (platelet
count �20,000/�L), anticoagulation, or a bleeding diathe-
sis increase the risk of spinal subarachnoid hemorrhage or
spinal epidural hematoma, and are relative contraindica-
tions to LP. Use of a 22-gauge needle lowers the risk.
Discontinuing heparin in advance of the procedure, or ad-
ministering vitamin K or fresh frozen plasma to reverse the
effects of coumadin, can be considered in selected circum-
stances. Introduction of infection at the puncture site rarely
occurs and is caused by passage of the needle through in-
fected soft tissue or use of an unsterile needle. If infected
soft tissue is present along the anticipated needle track,
consideration should be given to a C1-2 (cisternal) punc-
ture under fluoroscopic guidance.

Other potential complications of LP include low back
pain and nerve-root irritation during the procedure that
results in temporary radicular pain extending from the
back to the ipsilateral buttock or leg. Post-LP headache
begins with standing and resolves in the supine position; it
occurs after about one LP in ten. The headache begins
between 15 minutes and 4 days following the procedure
and lasts an average of 4–8 days. Bedrest is the treatment of
choice and common analgesics are not helpful. In those
few patients who develop intractable post-LP headache, in-
stallation of the patient’s venous blood into the epidural
space (“blood patch”) by an anesthesiologist is effective
treatment.

Neuroimaging

CT and MRI have simplified the diagnosis and manage-
ment of many CNS disorders. These diagnostic techniques
allow noninvasive localization of anatomic abnormalities
in the brain, head and neck, spine, and the spinal cord. The

contour, distribution, size, and contrast-enhancement
characteristics of lesions often support a specific diagnosis
or a limited list of diagnostic possibilities. The choice
between head CT and MRI depends upon the diagnostic
question and the immediate availability of the imaging
modality. If acute brain hemorrhage is the primary diag-
nostic consideration, then head CT without contrast is the
best study. New blood is seen as a high-density lesion on
the scan. The only other causes of a high-density lesion are
calcium, metal, and contrast. Patient movement during CT
or MRI studies degrades the images and limits diagnostic
information. Patients are less likely to move during a CT
scan than an MRI because image acquisition is faster and
patients are unlikely to develop claustrophobia.

CT–myelography is preferred in the setting of spine dis-
orders characterized by bony abnormalities (e.g., spinal
stenosis and cervical spondylosis). Potential complications
of CT include exposure of patients to low levels of radiation
and contrast reactions. MRI is superior to CT in demon-
strating exquisite soft-tissue anatomic detail (without radi-
ation exposure), and results in detection of brain and
spinal cord lesions missed by CT scan. These disorders
include brain infection, neoplasm, cerebral infarction, neu-
rodegenerative diseases, demyelinating diseases (i.e., mul-
tiple sclerosis), and extracranial soft tissue pathology of the
head and neck. The contrast agent used for MRI (gadolin-
ium) is not associated with renal failure, and allergic reac-
tions are rare. Two percent of patients undergoing a brain
MRI experience claustrophobia that interferes with the test.
In these patients, sedation, given 30–60 minutes prior to
the study, often permits an acceptable study. MRI generates
a strong magnetic field that can result in injury if there are
magnetic objects in the body. The induced magnetic field
may inactivate cardiac pacemakers or automatic internal
defibrillators.

Electroencephalography

EEG is a noninvasive, painless study that can be per-
formed at the bedside to investigate possible seizures, fo-
cal abnormalities of brain function, and other neurologic
disorders. Electrodes are pasted to the scalp and con-
nected to amplifiers in a grid pattern that allows for the
recording and display of regional brain electrical activity.
The recorded waveforms have characteristic frequencies
that depend on age, alertness, brain region, systemic ill-
ness, medications, focal brain disease, and technical ma-
neuvers during the test (e.g., hyperventilation, flicker
stimulation). While EEG can complement the anatomic
information obtained by neuroimaging, the neurologic
examination is often an adequate test of nervous system
function and can be correlated with neuroimaging results.
However, in severely ill patients unable to cooperate with
the neurologic examination, analysis of CNS function can
be assessed by the EEG. For example, persistent uncon-
sciousness without explanation may be caused by non-
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convulsive status epilepticus or a diffuse brain insult that
has an EEG correlate.

Status epilepticus (Chapter 118) manifests as seizures
on the EEG, whereas encephalopathy appears as diffuse
slowing of EEG background rhythms. Involuntary move-
ments can be difficult to distinguish from seizures based
upon visual appearance alone, but can be clarified by
an EEG study performed while the movements are ongo-
ing. Portable EEG assessment of brain function is possi-
ble for patients who cannot be transported to a scanner
because of critical illness or other logistic issues. The
EEG can be helpful to suggest focal brain dysfunction
when neuroimaging is normal (anatomic–functional
dissociation). This circumstance may occur early in the
evolution of brain pathology (e.g., herpes simplex
encephalitis) and can influence the threshhold for initia-
tion of drug therapy. Depression or feigned altered con-
sciousness manifests as a normal EEG in patients without
neurologic or systemic illness. A short synopsis of the di-
agnostic question and a complete list of medications
should be provided to the EEG laboratory when ordering
the test.

Electromyography and 
Nerve-Conduction Studies

Electromyography and nerve-conduction studies are a sen-
sitive extension of the neurologic examination and are use-
ful for evaluating the functional integrity of the peripheral
nervous system (PNS). These studies can offer advantages
over the clinical neurologic examination by providing
quantitative information, particularly if patient coopera-
tion or effort is limited. Although they can be performed at
the bedside, the electrical environment of the ICU may re-
sult in recording artifacts.

Nerve-conduction studies are semiquantitative tests of
nerve function. They are performed by placing stimulating
electrodes on skin overlying limb nerves and recording
over nerves (sensory nerve action potentials, or SNAPs) or
muscles (compound motor action potentials, or CMAPs).
Slowed nerve conduction velocities or prolonged distal
motor latencies are indicative of nerve demyelination. Re-
duced amplitude of SNAPs or CMAPs correlates best with
loss of axons in the nerve.

Needle electromyography is a qualitative test of nerve
and muscle function performed by insertion of a recording
needle electrode into selected muscles. There is no stimu-
lating current. Abnormal spontaneous activity at rest
correlates with acute denervation (axonal injury) or muscle-
membrane instability in muscle disease (polymyositis). The
morphologic configuration (duration, amplitude) of
individual motor units (single motor nerve cells and the
muscle fibers it supplies) seen on a display screen during
minimal muscle contraction can be attributed to muscle or
nerve disease. The firing pattern of nerve cells during muscle
contraction also may suggest muscle or nerve injury.

KEY POINTS

■ The neurologic history is crucial to establish a clinical
context that determines which neurologic findings on
examination are likely to be pertinent.

■ Historical risk factors for headache of serious cause are
sudden onset, new onset in elderly or immunosuppressed
patients, headache that awakens the patient, postural
headache, association with focal neurologic symptoms or
signs, or association with fever, rash, stiff neck, or arthritis.

■ Delirium is an acute or subacute alteration of mental
state characterized by fluctuating alertness and confu-
sion; dementia is a chronic, progressive cognitive deteri-
oration with impaired recent memory, preservation of
alertness, and relative preservation of social function.

■ Unilateral, new-onset pupil dilation should trigger con-
sideration of early brain herniation resulting from a
mass lesion compressing the third cranial nerve.

■ Nonneurologic weakness usually is observed as variable
muscle power during testing of a specific muscle
(recorded as breakaway weakness with or without pain);
true neurologic weakness is observed as reduced and con-
stant resistance provided by the patient when testing mus-
cle power during maximal muscle contraction.

■ “Positive” sensory symptoms (paresthesias, pain) unac-
companied by abnormal neurologic examination signs
suggest a nonneurologic cause; “negative” sensory exam-
ination signs (i.e., diminished light touch or pin sensa-
tion) suggest a CNS or PNS structural lesion.

■ Disorders for which spinal fluid examination results can
assist diagnosis include possible meningitis, encephali-
tis, subarachnoid hemorrhage, papilledema of unknown
cause, CNS vasculitis, encephalopathy of unknown
cause, CNS or PNS demyelination, or postural headache.

■ Neuroimaging (MRI or CT) and EEG are complementary
tests: MRI or CT help define the anatomy and differential
diagnosis of CNS lesions (tumor vs. stroke), while EEG
helps determine functional localization of brain lesions
or the presence of seizures.

■ Electromyography and nerve conduction studies are sen-
sitive, semiquantitative tests of nerve and muscle func-
tion that detect, localize, and quantify PNS injury and
complement the observations obtained by the neuro-
logic history and examination.
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Stroke
Wade S. Smith

INTRODUCTION

Stroke, the third leading cause of death in the United States,
is now considered a treatable disease. The testing and ap-
proval of tissue plasminogen activator (t-PA) for victims of
acute ischemic stroke is largely responsible for this new op-
timism. Approval of t-PA for this use in 1996, in conjunc-
tion with aggressive hospital-based acute “stroke unit”
management, has led to reduced mortality and decreased
morbidity rates among stroke victims. In 2004, some hos-
pitals began to be credentialed as primary stroke centers.
These centers have the key personnel necessary to safely
give t-PA, and to systematically apply the best practices for
stroke victims. It is likely that these stroke centers will func-
tion much like trauma centers, with stroke patients specifi-
cially triaged to them in the prehospital setting in some
communities. This chapter reviews the initial presentation,
evaluation, and management of acute ischemic stroke, and
is directed at the hospital physician evaluating an acute
stroke patient without the benefit of a stroke center.

Despite the approximately 550,000 cases of stroke per
year in the United States, few controlled prospective data
exist to help guide initial management and post-stroke
prophylaxis. Only in the past decade have well-designed
therapeutic trials become available. Further, institutional
bias and provider heterogeneity add to the complexity of
individual case management. For example, neurologists,
vascular surgeons, and internists vary markedly in use of
anticoagulation for carotid stenosis. Many centers routinely
admit all patients with transient ischemic attacks (TIAs) or
minor stroke; others cite the absence of proof for the bene-
fits of hospital management as proof of absence of benefit.
Lacking are precise data on the natural history of recurrent
stroke; such data are necessary to make cost–benefit deci-
sions regarding hospitalization, timing of surgery, and use
of anticoagulation.

BACKGROUND AND DEFINITIONS

Stroke is a clinical diagnosis; it is not diagnosed by radio-
logic study. It can be defined as the sudden onset of neuro-
logic dysfunction produced by a presumptive vascular
cause. A transient ischemic attack (TIA) is a clinical stroke
that clears within 24 hours, although TIAs typically last
only 10–14 minutes. Stroke is sudden or stepped in onset,
and is manifested by focal neurologic findings. Approxi-
mately 85% of all hospitalized stroke victims have hemi-
paresis. The presence of language dysfunction or neglect
coupled with facial or arm weakness is highly specific for
stroke. The presence of bilateral weakness degrades this
specificity. On the other hand, patients with metabolic 
encephalopathies can have focal neurologic findings.
Therefore, the sudden onset (or new discovery) of focal
neurologic findings suggests stroke, but appropriate
laboratory tests are necessary to exclude potential
masqueraders.

The role of early brain imaging is to define the stroke
subtype. Acute stroke can be classified as hemorrhagic or 
ischemic by performing initial noncontrast computed 
tomography (CT) scan of the head (Table 116.1), based
on the presence or absence, respectively, of blood seen 
on CT.

Hemorrhagic stroke can be defined as the sudden onset
of a neurologic deficit associated with brain CT consistent
with acute intracranial hemorrhage. Hemorrhage stroke
can be subtyped by the anatomic space in which blood is
observed: epidural, subdural, subarachnoid, or intra-
parenchymal. Epidural hematomas are typically produced
by trauma, resulting in severing of the middle meningeal
artery. Accumulation of blood is rapid, demanding imme-
diate neurosurgical intervention. Subdural hemorrhages
accumulate from a low-pressure venous source and typi-
cally are produced by tearing of bridging cortical veins.

116
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Both severe and subtle head trauma can produce this
bleeding, and patients with brain atrophy are predisposed
to it. The most frequent cause of subarachnoid hemorrhage
is closed head injury. Aneurysmal rupture into the 
subarachnoid space is also common. Spontaneous, non-
traumatic aneurysmal subarachnoid hemorrhage is life
threatening, with nearly a 50% mortality rate within the
first 24 hours. Immediate neurosurgical or endovascular
intervention and control of intracranial pressure are prior-
ities that affect survival and neurologic outcome. Intra-
parenchymal hemorrhages are produced by both large
and small vessel rupture. Chronic hypertension is the ma-
jor predisposing risk factor for the genesis of most of these
hemorrhages. It is unclear if an acute increase in blood
pressure is responsible for the actual hemorrhage. The di-
agnosis and management of the hemorrhagic stroke syn-
dromes and increased intracranial pressure are described
in Chapter 117.

Ischemic stroke is produced by blockage of a cerebral ves-
sel with resulting ischemia and later infarction within the
part of the brain region irrigated by the vessel. The extent
and location of infarction depends on many factors, in-
cluding the presence of collateral circulation, patient age,
brain temperature, serum glucose, magnitude of blood
flow reduction, and the duration of ischemia. A physician
may intervene to reduce duration and magnitude of is-
chemia (thrombolysis), reduce temperature (antipyretics
or cooling), lower serum glucose to the normal range, and,
perhaps, increase collateral circulation (by allowing acute
hypertension). Brain tissue is the tissue most vulnerable to
ischemia in the body. Death of neurons begins after ap-
proximately 4 minutes of zero blood flow. However, a core
of tissue around the infarcted tissue does not infarct as

quickly. This region is referred to as the ischemic penumbra,
which receives blood flow adequate to maintain temporary
(i.e., hours) neuronal survival, but inadequate to allow
normal neuronal activity. The penumbral region may in-
farct without intervention, so the goal of most acute stroke
therapy is directed at saving this volume of brain. Perfusion
to the penumbra is dependent on collateral circulation and
strongly dependent on blood pressure, so reduction in blood
pressure may enlarge the infarct. Conversely, permissive or in-
duced hypertension may reduce infarct size. Because infarct
size is critically dependent on temperature, fever should be
treated aggressively with antipyretics, body exposure, and
active cooling. Mild hypothermia may be beneficial but is
considered investigational at this time. Thrombolytic
therapy may be possible if the duration of ischemia is
less than 3 hours; this is discussed subsequently in this
chapter.

One-quarter of ischemic strokes results from lacunar in-
farction. This is produced by small vessel closure within the
internal capsule, thalamus, pons, and cerebellum. There
are many lacunar syndromes; the four most common are
listed in Table 116.2. In general, lacunar strokes have a bet-
ter prognosis, with a lower case-fatality rate than large ves-
sel strokes. Hypertension and diabetes are the most com-
monly associated risk factors. Because lacunar strokes are
caused most often by local arteriolar disease, one does not
generally need to search for embolic sources.

Large vessel strokes carry a higher fatality rate and
cause more significant injury. Each of the major named
cerebral arteries can produce a large vessel syndrome, as
listed in Table 116.2. The mechanism of large vessel oc-
clusion is most commonly embolic closure of the vessel.
The presence of such an infarct should lead the clinician
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TABLE 116.1
STROKE CLASSIFICATION, AND RELATIVE DEGREE OF URGENCY FOR EVALUATION

Stroke subtype Frequency % Computed tomography findings (typical) Urgencya

Hemorrhage 15 Hyperdense material representing clotted blood Moderate–High
Subarachnoid 1–2 Blood in subarachnoid space High
Intraparenchymal 10 Blood in brain parenchyma Moderate–High
Subdural �1 Blood in subdural space Low–High
Epidural �1 Blood in epidural space High

Ischemic stroke 85 Usually normal �6 h. Hypodensity Low-Highb

representing edema later
Lacunar stroke 21 Hypodensity usually �1 cm3 Highb

Cardioembolic 17 Wedge-shaped cortical/subcortical hypodensity Highb

Artery–artery embolism 13 Wedge-shaped cortical/subcortical hypodensity Highb

Cryptogenic stroke 25 Cortical/subcortical hypodensity Highb

Other 8 Varies Highb

a Urgency is high with depressed level of consciousness, airway instability, or hemodynamic instability.
b High urgency if under 3 h, because patient may be eligible to receive intravenous thrombolytics.
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to search for an embolic source, such as the carotid artery,
heart, or aortic arch. A list of common and uncommon
causes of stroke is contained in Table 116.3. The search
for a potential cause should be based on the clinical
stroke classification and the type of stroke classified by a
brain imaging study.

ISSUES AT THE TIME OF ADMISSION

Evaluation and Differential Diagnosis

Figure 116.1 summarizes the major steps followed during
the initial phase of care. One first must decide if the acute
onset of a focal or global neurologic deficit has been
caused by stroke or TIA. Table 116.4 lists the differential
diagnosis. Establishing an accurate diagnosis depends
heavily on obtaining an accurate history. If the patient
was not observed at the onset of his or her deficit, one
falsely may attribute a generalized seizure with postictal
hemiparesis (Todd’s paresis) to stroke. Similarly, a patient
with an intracranial tumor producing hemiparesis and de-
mentia may provide an inaccurate history of sudden onset
of weakness. A clear history of sudden onset rules out the
stroke masqueraders.

Initial Studies and Management

The initial management of stroke and TIA is summarized
in Table 116.5. Any patient suspected to have had a stroke
should be evaluated for airway, breathing, and circulatory
stability, followed by an assessment of serum glucose
level. Laboratory assessment also should include complete

TABLE 116.2
ISCHEMIC STROKE SUBTYPES

Subtype Clinical stroke Mechanism

Lacunar “Lacunar syndromes” Lipohyalinosis/thrombosis
Lenticulostriate Pure motor stroke
Thalamoperforators Pure sensory stroke
Brainstem penetrators Ataxia, dysarthria, hemiparesis
Cerebellar Ataxia

Large-vessel “Large-vessel syndromes” Typically embolic
Middle cerebral artery Dominant: aphasia, gaze deviation,

hemiparesis, hemisensory and
visual field deficit

Nondominant: neglect, gaze
deviation, hemiparesis,
hemisensory and visual field
deficit

Posterior cerebral artery Visual field deficit, amnesia
Anterior cerebral artery Leg weakness, frontal lobe

syndrome
Basilar artery Cranial nerve deficits, quadriparesis,

depressed level of consciousness

TABLE 116.3
POTENTIAL CAUSES OF STROKE

Common Uncommon

Intracranial hemorrhage Hypercoagulable disorders
Arteriovenous malformation Protein C deficiency
Subarachnoid Protein S deficiency
Lobar Antithrombin III deficiency
Hypertensive Anti-phospholipid
Amyloid angiopathy syndrome
Cocaine–related Systemic malignancy

Homocysteinemia
Thrombosis Sickle cell anemia

Lacunar (small vessel) �-Thalassemia
Large-vessel thrombosis Polycythemia vera

Systemic lupus
Embolic occlusion erythematosus

Artery–artery
Carotid bifurcation Venous sinus thrombosis
Aortic arch
Arterial dissection Fibromuscular dysplasia

Cardioembolic
Atrial fibrillation Vasculitis
Mural thrombus Systemic (polyarteritis

Segmental hypokinesis nodosa)
Dilated cardiomyopathy Primary central nervous

Valvular lesions system
Mitral stenosis
Mechanical valve Cardiogenic
Bacterial endocarditis Mitral-valve calcification

Paradoxical embolus Atrial myoxoma
(patent foramen ovale/ Intracardiac tumor
atrial septal defect) Marantic endocarditis

Atrial septal aneurysm Libman–Sacks endocarditis
Spontaneous echo-

cardiographic contrast Migraine
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blood count (CBC), platelet counts, coagulation studies,
and electrolyte levels. An erythrocyte sedimentation rate is
a useful screen for unexpected illness, including malig-
nancy, arteritis, and endocarditis.

One then must determine if the stroke is hemorrhagic or
ischemic using emergent noncontrast head CT (many cen-
ters now also perform CT angiography of the head and neck

during this time). CT is adequate to eliminate tumor and
hemorrhagic stroke; it is normal in early ischemic stroke,
migraine, and metabolic encephalopathies. The choice of
consultants depends on the CT findings. If the CT reveals
hemorrhage, neurosurgical or neurologic consultation
should be sought to help with management (Chapter 117).
If the CT scan does not reveal hemorrhage, or if the diagno-
sis or cause are unclear, emergent neurologic evaluation
should be sought, because the patient may be eligible for in-
travenous thrombolytic therapy. The presence of hydro-
cephalus should prompt consultation with a neurosurgeon
for placement of ventriculostomy if necessary.

Admission Decision and Level of Care

The decision to hospitalize a patient with acute stroke or
TIA is controversial, and there is wide variability in prac-
tice. Table 116.6 lists certain clinical features that should
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Figure 116.1 Key points in the management of acute stroke.
TIA, transient ischemic attack.

New Onset of Neurological Deficit

Stroke or TIA? (Table 116.4)

Initial assessment and management (Table 116.5)

Consultation?

Hospitalize? (Table 116.6)

• Physical and occupational therapy assessment
• Speech and swallowing evaluation
• Establish nutrition
• Social work evaluation

Discharge planning
• Home
• Inpatient rehabilitation
•

Level of care? (Table 116.7)

Skilled nursing facility

TABLE 116.4
DIFFERENTIAL DIAGNOSIS OF NEW-ONSET
FOCAL NEUROLOGIC FINDINGS

Stroke/Transient ischemic attack
Seizure with postictal (Todd’s) paresis
Tumor
Migraine
Metabolic encephalopathy

Fever and old stroke
Hyperglycemia
Hypercalcemia
Hepatic encephalopathy

TABLE 116.5
EARLY STROKE MANAGEMENT

Initial assessment: ABCs, serum glucose
Clinical diagnosis of stroke (Table 116.4)
Noncontrast head computed tomography

Hemorrhage
Medical and surgical management of hemorrhagic stroke
(Chapter 117)

Tumor or other CNS process
Treat accordingly

Normal or hypodense area consistent with acute ischemic stroke
Consider thrombolysis, aspirin (Figure 116.2)
Medical management post-stroke
Further investigation of cause
Prescription of post-stroke prophylaxis

CNS, central nervous system.

TABLE 116.6
REASONS TO HOSPITALIZE PATIENTS WITH
STROKE

Accepted
Hemodynamic or airway compromise
Depressed level of consciousness
Aspiration
Inability to walk
Intracranial hemorrhage
Atrial fibrillation
Myocardial ischemia
Crescendo TIA
Stroke in progression
Other acute medical issues

Controversial
TIA
Minor stroke

TIA, transient ischemic attack.
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be considered in making this decision. Many physicians
admit patients with minor stroke and TIA to expedite the
evaluation. Patients who are disabled from the event or
are medically unstable should be admitted, with the level
of care dictated by the clinical status (Table 116.7). Be-
cause stroke is a dynamic process, close observation of the
acute stroke victim during the first few days is necessary to
alert the physician to any neurologic decline that may
prompt a change in therapy. Stroke centers typically main-
tain a “constant observation facility” or “step-down” unit
with one nurse for every two or three patients to allow for
frequent neurologic checks.

Specific Therapy for Stroke Subtypes

Hemorrhagic Stroke

The management of hemorrhagic stroke is described in
Chapter 117.

Ischemic Stroke

Several treatments may be offered to people with ischemic
stroke, including intravenous thrombolysis, aspirin, 
heparin, and blood pressure augmentation to enhance col-
lateral perfusion. Neuroprotective agents are being investi-
gated in human trials, but none are currently approved for
clinical use. Similarly, the intra-arterial delivery of throm-
bolytic agents is a promising treatment, but there is no FDA
approved drug for this indication, and only comprehensive
stroke centers are offering this therapy. Referral of patients
to such centers in a timely fashion is a growing trend, but
this is highly specific to individual hospitals and the type of
emergency transportation available.

The approval of intravenous thrombolytic agents for the
treatment of acute ischemic stroke was driven by the results
of a well-designed, prospective placebo-controlled trial of
intravenous t-PA given within 3 hours of the onset of acute
stroke symptoms (1). Patients were required to have a head
CT that was free of hemorrhage, normal baseline laboratory
evaluation (Table 116.8), an examination consistent with
acute stroke, and the ability to receive drugs within 90 or
180 minutes. Primary outcome measures were neurologic
function and disability scales that quantified residual stroke
injury. All primary outcome measures reached significance
and favored t-PA treatment. In the treatment group, there
were 50% more patients who were neurologically normal or
near-normal at three months. The mortality rate was unaf-
fected. Three percent of patients died from treatment-asso-
ciated intracranial hemorrhage. An earlier study found only
slight benefit from t-PA if it was given within 6 hours of
symptom onset, and there was a higher intracranial hemor-
rhage rate. Streptokinase is contraindicated in the treatment of
ischemic stroke because of three intravenous trials showing
increased morbidity and mortality rates in ischemic stroke
patients who received this agent.

At this time, the use of thrombolytics is limited to intra-
venous t-PA given within the first 3 hours after stroke by the
protocol listed in Figure 116.2 (2). Many hospitals have
formed stroke teams headed by neurologists to administer
t-PA. If a stroke team does not exist, it is helpful to obtain
consultation with a neurologist who is familiar with this
form of treatment or to offer immediate transfer to a stroke
center. A radiologist or neurologist who has experience in
interpreting the noncontrast head CT is essential, because
the presence of cerebral swelling, a subtle sign on CT,
predicts hemorrhagic transformation. It is essential that no
intracranial hemorrhage be present prior to administering t-PA.
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TABLE 116.7
KEY ELEMENTS TO CONSIDER IN DECIDING LEVEL OF CARE

Condition ICU Step-down unit Medical ward

Need for mechanical ventilation �

Airway compromise requiring tracheal intubation �

Coma �

Need for pressors or continuous intravenous �

antihypertensive therapy
Need for pulmonary artery pressure monitoring �

Need for central venous pressure monitoring � or �

Concomitant myocardial infarction �

Rule out myocardial infarction � or �

Need for telemetry � or �

Need for femoral sheath � or �

Need for intravenous or intra-arterial thrombolysis � or �

Depressed consciousness � or �

Hemodynamic stabilitya � or � or �

Patient able to protect airwaya � or � or �

Intravenous heparina � or � or �

a Higher levels than medical ward may be required because of other indications.
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The patient’s pretreatment blood pressure should be less
than 185/110 mmHg; use of topical nitrates or intravenous
labetolol may be necessary to lower blood pressure. How-
ever, if the patient’s neurologic signs worsen with lowering
of blood pressure, the pressure should be allowed to rise
again and thrombolysis should be aborted. During the in-
fusion of t-PA and the subsequent few hours, it is also im-
portant to maintain control of the blood pressure. For these
reasons, t-PA should be given only if the patient’s blood
pressure and clinical status can be monitored continuously,
typically in an emergency department or ICU setting. Sud-
den neurologic decline during or within 36 hours follow-
ing t-PA infusion may represent intracranial hemorrhage. If
this occurs, the infusion should be discontinued, an imme-
diate noncontrast head CT scan obtained, and a neurosur-
geon consulted. Cryoprecipitate may slow bleeding and in
this setting should be given presumptively and immedi-
ately; this can be discontinued if the head CT does not re-
veal hemorrhage. Post-thrombolytic treatment involves
close neurologic observation and, for the first 24 hours,
avoidance of heparin, aspirin, or nasogastric tubes.

The use of aspirin for the treatment of acute stroke has
been studied in two large trials (3, 4). Both trials indicate a
reduction in stroke and death by 1% within 2–4 weeks with
aspirin therapy. Heparin affords no benefit and increases
the extracranial bleeding rate if combined with aspirin.
Thus, aspirin has a significant effect in lowering morbidity
and mortality rates, but the mortality benefit is very small
compared with thrombolytic treatment. It is unclear if 
aspirin would be more effective if given within the first 
few hours of stroke rather than 1 or 2 days later, as has 
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Clinical Diagnosis of Stroke

Non-contrast head CT scan

• 2 peripheral IV lines
• No arterial/central lines 
• Avoid Foley >2 hours 

Inclusion criteria met; no contraindication
(Table 116.8)

t-PA 0.9 mg/kg (max. 90 mg)
• 10% of dose IV bolus
• Remaining IV over 1 hour

• Continuous BP monitoring
• BP control (<185/110)

• ICU or Stroke Unit
• No heparin, ASA or NG tube for 24 hours

Figure 116.2 Flow sheet for administering tissue plasminogen 
activator (t-PA) for acute ischemic stroke. ASA, aspirin; BP, blood
pressure; CT, computed tomography; IV, intravenous; NG, naso-
gastric.

TABLE 116.8
INDICATIONS AND CONTRAINDICATIONS FOR USE OF INTRAVENOUS
TISSUE-TYPE PLASMINOGEN ACTIVATOR (t-PA) FOR ACUTE
ISCHEMIC STROKE

Indication Contraindication

Clinical diagnosis of stroke Sustained blood pressure �185/110 mmHg
Onset of symptoms to time of drug Plts �100,000/�L; Hct �25%; glucose �50 or

administration �3 h �400 mg/dL
Computed tomography scan showing no Use of heparin within 48 h and prolonged aPTT,

hemorrhage or significant edema or elevated INR
Age �18 y Rapidly improving symptoms
Consent by patient or surrogate Prior stroke or head injury within 3 mo; prior

intracranial hemorrhage
Major surgery in preceding 14 d
Minor stroke symptoms
Gastrointestinal bleeding in preceding 21 d
Recent myocardial infarction
Coma or stupor

aPTT, activated partial thromboplastin time; Hct, hematocrit; INR, international normalized ratio; Plts,
platelet count.
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been studied in these trials. Current recommendations are
to avoid aspirin for one day following thrombolysis (2). If
thrombolysis is not performed, aspirin is safe and benefi-
cial if given within the first 1 or 2 days following acute
stroke.

Intravenous heparin is frequently used to prevent sec-
ond stroke or first stroke following TIA. However, the acute
effect of heparin has not been well studied, and the routine
usage of heparin is being discouraged. Only one trial was
large enough to allow analysis of the efficacy of heparin in
acute stroke treatment (3), and it showed no benefit for 
unadjusted-dosage heparin (5,000–12,500 units subcuta-
neously twice a day). Overdosage with heparin (aPTT �100
sec) in the setting of large strokes may produce intracranial
hemorrhage. However, for strokes that are evolving from
progressive arterial thrombosis or from recurrent em-
bolism, heparin may halt progression. Although no data
from controlled prospective trials exist, current clinical
practice of stroke management most commonly employs
heparin in this setting. Most neurologists also believe that
heparin is indicated for patients with arterial dissection and
distal embolism, and for patient with dural sinus throm-
bosis. Heparin is typically given without initial bolus to
avoid intracranial hemorrhage. The use of “bridging” hep-
arin for patients who will receive warfarin is discussed be-
low in the section on atrial fibrillation.

Treatment of acute hypertension during ischemic
stroke generally is avoided unless there is coexistent car-
diac ischemia, hypertensive nephropathy, or hypertensive
retinopathy (Chapter 48). Blood pressure may be reflex-
ively elevated early in the course of stroke and usually 
declines over the days following the acute event. Acute re-
duction in arterial blood pressure may precipitate cerebral is-
chemia resulting from reduction in collateral flow to the
ischemic penumbra, which lacks cerebral autoregulation
and can survive only if some blood flow is maintained.
Even minor drops in mean arterial pressure can worsen
neurologic outcome. Thus, many neurointensivists aug-
ment the blood pressure in patients with normal or
slightly elevated pressures upon stroke presentation. In
some cases, deficits may resolve with this treatment alone.
No controlled data exist to support the efficacy of this ag-
gressive treatment, but it underscores the principle that
blood pressure should not be lowered.

If the patient has ischemia within the carotid artery dis-
tribution, it is important to expedite evaluation of the
carotid artery for carotid atherosclerosis. This can be done
with carotid ultrasonography, CT angiography (CTA), MR
angiography, or conventional angiography. Combining
CTA with the initial non-contrast CT scan expedites the dis-
covery of symptomatic carotid disease. If the patient has ex-
perienced a TIA or minor stroke, carotid endarterectomy
(CEA) is safe and should be offered as soon as possible to
medically eligible patients. If CTA is not available, and the
patient qualifies for emergent CEA, other procedures to im-
age the carotid artery should be utilized.

ISSUES DURING THE COURSE OF
HOSPITALIZATION

Figure 116.1 lists specific items to address following acute
treatment. Initial consultation with physical and occupa-
tional therapists are important for patients with functional
deficits. This should occur on the first or second 
hospital day to help with discharge planning. Speech ther-
apy or consultation with a therapist who specializes in
swallowing evaluation may be helpful to determine the
safety of continued oral intake. However, acute dysphagia
often resolves in the first few days, and it is common to be-
gin nasoduodenal feeding, followed by an assessment of
the need for percutaneous gastrostomy at a later date if the
patient fails to improve. A social worker should be involved
as early as possible to help with disposition and the finan-
cial and emotional issues that the sudden onset of stroke
usually brings to bear on the entire family (Chapter 4).

Patients with dysphagia or airway compromise are at
high risk for developing aspiration pneumonia (Chapter
66). Aspiration and the use of indwelling catheters increase
the risk for infection. As noted previously, fever is detri-
mental to ischemic brain. The cause for fever should be
pursued (Chapter 62), and temperature elevation should
be corrected aggressively. Patients with cerebellar hemor-
rhage or ischemia are of special concern. Swelling from the
hematoma or the ischemic brain occurs in a delayed fash-
ion, typically 12 hours to 7 days after the initial event. Due
to the anatomy of the posterior fossa, this swelling can
compromise drainage of CSF through the aqueduct of
Sylvius, causing hydrocephalus. It may also cause direct
brainstem distortion, leading to severe hemodynamic in-
stability and respiratory arrest. Hydrocephalus can be man-
aged with osmotic agents and ventriculostomy. However,
in both conditions definitive therapy is cerebellar
hematoma evacuation or cerebellectomy. Because neuro-
logical decline (usually in the form of progressive coma or
respiratory arrest) can be rapid, these patients are best man-
aged in an ICU setting and either neurology or neuro-
surgery consultation should be obtained.

Stroke prophylaxis should be initiated in the hospital
setting based on the exact cause of stroke. In general, pa-
tients with lacunar stroke not caused by carotid atheroscle-
rosis, atrial fibrillation, or dural sinus thrombosis may be
treated with agents that block platelet function. Aspirin at a
dose of 75–325 mg/d lowers the risk of second stroke by
22%, is inexpensive, and is generally well tolerated (4).
Ticlopidine has been shown to be superior to aspirin.
Clopidogrel, 75 mg/d, is marginally more effective than 
aspirin in preventing combined end-points (stroke,
myocardial infarction, and death), but it is significantly
more expensive than aspirin. The combination of aspirin
and clopidogrel for stroke prophylaxis is marginally better
than clopidogrel alone, but also is associated with more
bleeding complications (5). Aspirin and extended-release
dipyridamole (Aggrenox) have been shown to be superior to
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aspirin alone, and should be dosed twice a day if this com-
bination is used. Headache is a common side effect upon
initiation of therapy, but if twice a day dosing is main-
tained, headache clears rapidly. No algorithm for an-
tiplatelet therapy has been studied. However, most stroke
centers initiate aspirin alone if the stroke occurs in a patient
not taking any antiplatelet agent. If the patient was taking
aspirin, either Aggrenox is substituted or clopidogrel is
added. With the exception of the settings of atrial fibrilla-
tion and dural sinus thrombosis, warfarin is no more effec-
tive than aspirin in secondary prevention of stroke (6).

All patients with stroke should have fasting lipid studies
measured during hospitalization. A statin agent should be
initiated to lower LDL to a target of below 100 mg/dL.
Counseling for smoking cessation for smokers should be
offered and documented.

Hypertension is the most significant risk factor to mod-
ify, with a long-term goal of systolic blood pressures �140
and diastolic pressures �90 mm Hg (7). Although it has
never been studied systematically, blood pressure should
be lowered slowly over the 3–4 weeks following the event,
and it is considered good practice to discharge the patient
on at least one antihypertensive. Starting a thiazide diuretic
during the hospitalization followed by discharge instruc-
tions with proper blood pressure goals is prudent (8). ACE
inhibitors may provide additional protection against sec-
ond stroke beyond their ability to lower blood pressure (9),
and therefore are commonly used with a diuretic.

Patients with stroke from atrial fibrillation are at high
risk of recurrent stroke. Following a stroke, a patient with
atrial fibrillation has approximately a 15% risk of second
stroke in the first year if not medicated with an antithrom-
botic agent. Some debate exists as to the use of oral antico-
agulation or antiplatelet treatment in such patients. A sum-
mary of a consensus opinion regarding the use of aspirin or
warfarin is shown in Table 42.5. The decision is based on
age and the presence of risk factors (10). Patients in their
thirties with lone atrial fibrillation have a low rate of first
stroke and TIA. However, once a patient has a cerebral is-
chemic event, the risk rises dramatically, favoring treatment.
Whatever treatment is prescribed, it is important to educate
patients about the signs and symptoms of TIA so that ther-
apy can be adjusted if these events occur.

Heparin is frequently used while initiating warfarin ther-
apy in patients with TIA or stroke secondary to atrial fibril-
lation. The recurrence rate of stroke following a single stroke
or TIA secondary to atrial fibrillation is approximately
1%–2% during the first 2 weeks. Depending on how the in-
dividual physician views this risk, some physicians start
heparin while oral warfarin is being initiated, while others
just start warfarin without heparin. Heparin should proba-
bly be avoided during the first few days of large ischemic
strokes because of risk of intracranial hemorrhage. For pa-
tients with TIA or smaller strokes from atrial fibrillation,
warfarin can be initiated at the time of admission.

Patients who experience stroke or TIA with ipsilateral
50% or greater carotid stenosis carry a high risk of subse-

quent stroke or death. For example, a patient with a 70%
carotid stenosis who presents with hemispheric TIA has a
26% risk of stroke or death in the next 2 years. Endarterec-
tomy substantially reduces this risk if the surgeon has a
complication rate of less than 3% (11). Patients with TIA
and minor strokes should be considered for emergent en-
darectomy, as discussed above. Because large strokes im-
pair cerebral autoregulation, endarterectomy done in the
first few weeks following a significant cerebral ischemic
event can cause intracranial hemorrhage. Thus, many sur-
geons defer surgery for 4–8 weeks. Hospital management
in this case should focus on defining the carotid disease, as-
sessing the patient as a surgical candidate, and prescribing
prophylaxis until elective endarterectomy is performed.
Whether one should prescribe aspirin, aspirin and antico-
agulation, or anticoagulation alone for symptomatic
carotid disease while awaiting definitive surgery is contro-
versial. Carotid stenting is an alternative to endarterec-
tomy; initial data suggest that it is less morbid than CEA in
high risk patients (12).

DISCHARGE ISSUES

Patients either return home, depending on home safety
and functional status; transfer to an acute rehabilitation
hospital; or transfer to a skilled nursing facility. The goal is
to return the stroke patient home as soon as he or she is ca-
pable of returning. Assessments from physical, occupa-
tional, and speech therapists are essential in making this
determination. If the patient is unable to return home but
can comply with several (typically three) hours per day of
active physical therapy, the patient may be eligible for acute
inpatient rehabilitation. Rehabilitation units vary in their
abilities to handle concomitant medical issues (e.g., adjust-
ing anticoagulation). In general, a patient may be dis-
charged if the neurologic examination has stabilized or is
improving, adequate nutrition has been established, and
arrangements have been made so that outstanding medical
issues can be managed by the receiving service and ade-
quate evaluation of the cause of stroke can be performed to
guide logical stroke prophylaxis. Patients who are inca-
pable of participating in therapy for the requisite number
of hours per day or who are cognitively incapable of partic-
ipating but have reached criteria for acute hospital dis-
charge may require skilled nursing care, with later transfer
to an acute rehabilitation setting if they meet appropriate
criteria.

It is important to communicate several issues to the pri-
mary medical doctor in the discharge summary. These
should include the cause of the stroke, the current neuro-
logical examination of the patient at the time of discharge,
and the steps taken for secondary prevention. Blood pres-
sure goals should be clarified and follow-up of blood pres-
sure and lipid status should be assured. Finally, patients
should receive comprehensive counseling on reducing
stroke risk.
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KEY POINTS

■ Management of patients with a sudden change in neuro-
logic status should be approached with a logical algo-
rithm that incorporates accurate diagnosis, rapid (�3
hour) treatment with t-PA if eligible, and coordination
of staff to determine patient disposition and immediate
therapy. Before t-PA is administered, it is essential that
blood pressure be controlled (�185/110) and hemor-
rhage excluded.

■ In general, treatment of acute hypertension should be
avoided in the patient with acute stroke.

■ Patients with stroke (or TIA) and atrial fibrillation, and
patients with dural sinus thrombosis, require anticoagu-
lation, while patients with symptomatic carotid disease
benefit from endarterectomy or carotid stenting. In all
other stroke causes, antiplatelet agents are the favored
form of prophylaxis.

■ In addition, modification of risk factors following stroke
is critical. Target LDL should be less than 100 mg/dL. All
hypertensive patients should receive at least a diuretic
prior to discharge. Long-term blood pressure goals are at
least BP �140/90 mm Hg, and this is best achieved with
addition of an ACE inhibitor as an outpatient. Counseling
for smoking cessation should be offered and documented.

■ Hospital management of acute stroke patients requires a
coordinated effort of therapists and discharge planners
to help institute important therapy and expedite patient
transfer for more intensive rehabilitation.

■ Contact with the outpatient physicians providing fol-
low-up is essential to communicate the diagnosis, pre-
scribed stroke prophylaxis, rehabilitation plan, and
maintenance of medications.
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Central Nervous 

System Hemorrhage 

and Increased 

Intracranial Pressure
Ellen Deibert Michael N. Diringer

INTRODUCTION

Anatomy and Physiology

Increased intracranial pressure (ICP) develops in many
acute neurologic disorders and can have serious conse-
quences because of the anatomy and physiology of the in-
tracranial vault. The intracranial vault can be thought of as
a compartment made up of the brain, cerebrospinal fluid
(CSF), blood, and blood vessels enclosed in the rigid skull.
The normal brain constitutes about 80% of the intracranial
contents; blood and CSF make up approximately 10% each.

Masses, or any increase in the volume of blood or CSF in
the intracranial vault, can lead to increased ICP. In addi-
tion, any process that causes an increase in brain water con-
tent (edema), such as disruption of the blood-brain barrier
as seen in ischemia, infection, trauma, surgical retraction,
and tumors, can lead to elevated ICP.

CSF is produced by the choroid plexus located within
the lateral and fourth ventricles of the brain. It normally
migrates from the ventricles, exits the brain through the
foramina of Magendie and Luschka to the basal cisterns,
and over the convexities, where it drains through the
arachnoid granulations into the venous system. Processes
such as meningitis, tumors, hemorrhage, or cerebral

edema can either obstruct the flow of CSF or interrupt the
normal CSF absorption-production equilibrium, resulting
in hydrocephalus.

Increases in cerebral blood volume can also lead to in-
tracranial hypertension. As cerebral blood flow (CBF) in-
creases, so does the cerebral blood volume (CBV). CBF is
influenced by the cerebral perfusion pressure (CPP), the par-
tial pressure of carbon dioxide (PaCO2), the partial pressure
of oxygen (PaO2), and the cerebral metabolic rate of oxygen.
CPP is defined as [mean arterial pressure � ICP]. Under nor-
mal conditions, autoregulation maintains the CBF over a
wide range of perfusion pressures (60–150 mm Hg) (Figure
117.1A) by altering the diameter of distal arterial resistance
vessels. Because more than 80% of the blood in the intracra-
nial vault is contained within the cerebral veins and sinuses,
CBV can also rise with venodilation, and drugs that alter ve-
nous tone can dramatically increase CBV and ICP.

The relationship between CBF and PaCO2 is linear (Fig-
ure 117.1B), which accounts for the fall in ICP with hyper-
ventilation. As PaCO2 decreases, vasoconstriction occurs,
decreasing CBV and thus ICP. The relationship of CBF and
arterial oxygen content is also linear. However, because of
the shape of the oxyhemoglobin dissociation curve, when
hematocrit is normal, CBF does not increase until the PaO2

is less than approximately 50 mm Hg.
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Figure 117.1 Physiologic influences on cerebral blood flow and intracranial pressure (ICP). A. Cere-
bral perfusion pressure autoregulation curve for normotensive adults. Note that cerebral blood flow re-
mains stable over a wide range of cerebral perfusion pressures but becomes pressure passive as the
limits of autoregulation are exceeded at both extremes. This curve is shifted to the right in hyperten-
sive adults. B. Cerebral blood flow response to changes in PaCO2 and PaO2. C. The relationship
between ICP and intracranial volume. Note that as volume is added to the cranial vault, there is no in-
crease in ICP as a result of compensatory mechanisms (Figure 117.2). Once these mechanisms are ex-
hausted, however, ICP increases rapidly as volume is added. (Adapted from Diringer NM. Intracerebral
hemorrhage: pathophysiology and management. Crit Care Med 1993;21:1593, with permission.)

Venous volume

Arterial volume Brain

CSF volume

Mass

75 cc 75 cc

Venous volume Arterial volume Brain CSF volume

Venous 
volume

Arterial volume Brain CSF volumeMass Figure 117.2 Regulation of intracra-
nial pressure. Diagrammatic representa-
tion of the intracranial contents and their
compensation for an expanding intracra-
nial mass. Cerebrospinal fluid and venous
blood occupy about 20% of the intracra-
nial contents (top). Displacement of
cerebrospinal fluid and venous blood is
the compensation for an expanding mass
(middle). These compensatory mecha-
nisms are exhausted if there is no more
cerebrospinal fluid or venous blood avail-
able to be displaced. Then, if the mass
lesion increases further, intracranial pres-
sure begins to climb (bottom). (Adapted
from Kanter MJ, Narayan RK. Intracranial
pressure monitoring. Neurosurg Clin
North Am 1991;2:258, with permission.)

Cerebral metabolism is closely linked to CBF. Any in-
crease in metabolism, as seen with fever or seizures, results
in a rise in CBF. Similarly, a decrease in metabolism, such
as occurs with barbiturates and hypothermia, leads to a fall
in CBF. Ischemia occurs only if CBF becomes inadequate to
support cerebral metabolism.

Pathophysiology

Any process that adds volume to the intracranial vault (e.g.,
hematoma, tumor, edema) can eventually lead to intracra-
nial hypertension. At first, the intracranial vault accommo-

dates the increase in volume by displacing equivalent 
volumes of CSF and venous blood into the spinal canal,
preventing a rise in ICP (Figure 117.2). Once these com-
pensatory mechanisms are exhausted, ICP begins to rise
(Figure 117.1C).

Elevated ICP can cause injury by leading to a global fall
in cerebral perfusion, causing ischemia. Initially, as CPP
falls, CBF remains constant because of autoregulation.
When CPP falls below its lower limit, CBF begins to fall.
Initially, the amount of oxygen reaching tissues remains
constant because of a rise in brain oxygen extraction. Even-
tually, oxygen extraction reaches a maximum, and any fur-
ther decrease in CBF leads to ischemia.

CE
RE

BR
AL

 B
LO

OD
 F

LO
W

CEREBRAL PERFUSION PRESSURE

CE
RE

BR
AL

 B
LO

OD
 F

LO
W

ARTERIAL PARTIAL PRESSURE

IC
P

VOLUME ADDED

PaO2
PaCO2

A. B. C.

26410 ch 117  3/11/05  5:21 PM  Page 1186



Intracranial hypertension can also cause brain injury by
producing tissue shifts that can result in herniation syn-
dromes. These shifts occur because of the division of the
skull into a number of compartments by the falx cerebri
and tentorium. As a mass in one compartment grows, the
pressure gradients produce tissue shifts and, eventually,
herniation of tissue from one compartment to another.
These syndromes present with varied neurologic pictures
depending on the brain region involved and the tissue
shifts that ensue (Figure 117.3).

Evaluation of the Patient

The history of a patient who has suspected increased ICP
usually must be obtained from a relative, friend, or witness.
Relevant historical issues include the time course of the pre-
sent illness, as well as prior history of cancer, bleeding

disorders, warfarin therapy, strokes, cardiac abnormalities,
rheumatic fever, oral contraceptive use, hypertension, to-
bacco use, or connective tissue disorders.

The clinical findings differ depending on the primary
cause. For instance, lesions such as tumors or intracerebral
hemorrhage (ICH) may present with focal neurologic
findings including aphasia and hemiplegia; diffuse head
injury may cause a global neurologic decline with loss of
consciousness and motor posturing. The Glasgow Coma
Scale (Table 117.1) is used for patients with a suspected
ICP increase to quantify the level of consciousness, define
prognosis, and monitor changes. It is important to note
that papilledema may take several weeks to develop;
therefore, its absence does not exclude elevated ICP, espe-
cially of recent onset.

Vital signs can provide early and valuable information
regarding ICP. The onset of hypertension and bradycardia
can indicate an acute rise in ICP (Cushing response), man-
dating immediate intervention.

Initial Patient Management

During the initial evaluation of a patient with suspected
increased ICP, it is essential to ensure adequate airway,
breathing, and circulation. Early intubation is required for
comatose patients (Glasgow Coma Scale score �9) be-
cause they often develop airway obstruction, and aspira-
tion can result from diminished pharyngeal tone and lack
of adequate cough and gag reflexes. Medications utilized
for intubation should be ones that decrease cerebral
metabolism and ICP. A fall in blood pressure should be
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Figure 117.3 Types of brain herniation. Different types of brain
herniation caused by isolated areas of increased intracranial pres-
sure. A mass (subdural in figure) located in the cerebral hemisphere
may cause a shift of the intracranial contents past midline (subfal-
cian herniation). Uncal herniation results from a mass in one of the
parietal, frontal, or temporal lobes creating pressure on the uncus
of the temporal lobe, which then herniates through the tentorium.
This can cause direct pressure on the underlying midbrain and third
nerve, creating a unilateral dilated pupil. Cerebellar or tonsillar her-
niation can occur if a mass lesion (cerebellar hematoma in figure)
develops in the cerebellum, causing compression of the medulla.
This can cause a rapid deterioration, abnormal breathing, flexor or
extensor posturing, impaired eye movements, hypertension, and
bradycardia. Finally, central herniation (not shown) occurs if the tis-
sue shifts are directed downward through the foramen magnum.
These patients usually present with a global decline in level of con-
sciousness and may have sixth nerve palsies. (Adapted from Wi-
jdicks EF, Diringer M, Bolten C, et al. Essentials of management.
Continuum: Lifelong Learning in Neurology. 1997;3:51, by permis-
sion of the Mayo Foundation.)

TABLE 117.1
GLASGOW COMA SCALEa

Eye opening

Spontaneously 4
Response to voice 3
Response to pain 2
No response 1

Verbal response

Oriented and appropriate 5
Disoriented conversation 4
Inappropriate words 3
Incomprehensible sounds 2
No response 1

Motor response

Obeys commands 6
Localizes pain 5
Flexion withdrawal 4
Decorticate posturing (flexor) 3
Decerebrate posturing (extensor) 2
No response 1

a Total score is sum of eye opening, verbal, and motor scores. The
maximum score possible is 15.
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avoided because this will further reduce cerebral perfu-
sion. Etomidate (0.4–0.8 mg/kg), a non-barbiturate hyp-
notic, is short-acting and is least likely to cause hypoten-
sion. Thiopental (2.5–4.5 mg/kg) is effective in lowering
cerebral metabolic rate but more frequently lowers blood
pressure. Lidocaine (1–2 mg/kg intravenous) is a useful
adjunct in this setting because it minimizes the elevation
in ICP from endotracheal stimulation. Midazolam, al-
though very sedating, may not adequately lower ICP and
therefore should not be used alone. With adequate seda-
tion, muscle paralysis is usually unnecessary and interferes
with the ability to perform neurologic examinations.
However, if paralysis is required for intubation, a short-
acting non-depolarizing agent, such as mivacurium (0.1
mg/kg), is preferred.

Many patients with elevated ICP have increased blood
pressure, which should be managed conservatively. Lower-
ing blood pressure at a time when ICP is elevated can cause crit-
ical reduction in cerebral perfusion pressure and produce global
ischemia. If hypertension is treated, venodilators, such as ni-
trates, should be avoided because of their ability to further
raise ICP.

Once the patient with suspected elevated ICP is hemo-
dynamically stable and the airway is controlled, mannitol
(0.5–1.0 gm/kg intravenous) should be given. Hyperventi-
lation to a PaCO2 of 25–30 mm Hg should be used only if
there are signs of herniation or rapid neurologic deteriora-
tion (see later in this chapter). In patients with intracranial
bleeding, coagulation status should be checked and rapidly
corrected if abnormal.

Neuroimaging

After initial evaluation and stabilization, the next step is to
obtain an imaging study. In an emergent situation, brain
computerized tomography (CT) is preferred. A CT scan is
able to determine whether the patient has an intracranial
mass, hydrocephalus, diffuse cerebral edema, subarach-
noid hemorrhage (SAH), or intracranial hemorrhage. Be-
cause contrast appears very similar to acute blood on CT, a
non-contrast CT should always be obtained first.

Magnetic resonance imaging (MRI) provides an excel-
lent anatomic image but is not the imaging modality of
choice in an emergent situation. The long scan time, pa-
tient inaccessibility, and the magnetic field generated by
the MRI make monitoring and treating patients difficult. In
addition, MRI does not detect acute blood as well as a non-
contrast CT scan.

Management of Increased 
Intracranial Pressure

Patients with a Glasgow Coma Scale score of �8, an ab-
normal head CT scan, and suspected increased ICP require
ICP monitoring and admission to an ICU. Several types of
monitoring devices exist. In one, a catheter is placed

through a burr hole into a lateral ventricle, which allows for
ventricular drainage of CSF as well as monitoring of ICP.
However, the infection rate increases over time. A second
type of device is a transducer, which is inserted into the
brain parenchyma. It allows for continuous ICP monitor-
ing but cannot drain CSF. In addition, this device cannot be
recalibrated and is therefore subject to drift.

Increased ICP usually is managed medically, but some-
times it may require surgical intervention. Routine mea-
sures for patients with increased ICP include elevating the
head of the bed, treating fever aggressively, and avoiding
compressing the jugular veins with collars, tape, or large
bore catheters. Agitated patients should be sedated to a
Ramsay Scale score of 4 or 5. Cerebral metabolism sup-
pressants such as benzodiapines are preferred. Opiates do
not suppress cerebral metabolism and can have deleterious
effects on gastrointestinal motility.

Osmotic therapy is usually the next step after sedation in
controlling intracranial hypertension. The goal is to produce
an osmotic gradient between the intracellular space and the
blood, which results in a shift of water out of the intracellu-
lar compartment (1). Mannitol is the agent primarily used in
the United States. It does not cross the intact blood-brain
barrier and decreases ICP in 10–20 minutes. Recently, the
use of “super salt” (23.4% saline) has been introduced as an
alternative to mannitol. While super salt is effective in low-
ering ICP, it has not been directly compared to mannitol.

Mannitol is also a potent diuretic. The most frequent er-
ror made when administering mannitol is failure to 
recognize and correct the resultant hypovolemia. When
uncorrected, the hypovolemia can lead to a fall in blood
pressure (with reduced cerebral perfusion) and renal fail-
ure. Often, large volumes of fluids are required to replace
the urine output. Because the goal of this therapy is to raise
osmolality, the replacement fluid should be isotonic, not
hypotonic, saline. Empiric doses of a 20% mannitol solu-
tion are 1 gm/kg intravenous every six hours, or 0.25–0.5
gm/kg intravenous, every 3–4 hours. Dosing that is admin-
istered as needed when ICP exceeds a pre-determined
threshold (usually 20–25 mm Hg) provides good control,
often with a reduced total dose.

Mannitol can cause renal failure, although it has been
difficult to define the etiology. One factor appears to be fail-
ure to clear mannitol between doses. To ensure adequate
clearance, measurement of the osmotic gap (the difference
between the measured and calculated osmolality) may be
helpful. A rise in the gap from baseline or an absolute gap
of �20 mOsm/kg is considered evidence of retained man-
nitol and should prompt a change in dosing. This can easily
be accomplished by alternative equi-osmolar doses of man-
nitol and super salt. Mannitol’s ability to lower blood vis-
cosity may increase CBF, which may be an added benefit.

Mannitol therapy must be used with caution in patients
with a history of heart failure because of the initial in-
travascular volume expansion. In practice, this does not ap-
pear to be a significant problem because of its rapid diuretic
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effect. In addition, patients with cardiac dysfunction may
lose adequate preload if the intravascular space is not ade-
quately replenished. Hypokalemia, hypophosphatemia,
and hypomagnesiemia are complications of mannitol ther-
apy that can be avoided with close monitoring. Finally, as
the patient improves, the hyperosmolal state must be cor-
rected very slowly (over several days to 2 weeks) to prevent
rebound cerebral edema.

Hyperventilation effectively lowers ICP, but does so by
decreasing CBF. It therefore may cause cerebral ischemia.
Thus, hyperventilation should not be routinely used, but should
be reserved as a brief temporizing measure when there are
signs of herniation (dilated pupil or progressive neurologic
deterioration) or sudden rises in ICP. Immediately after hy-
perventilation is instituted, the next line of medical or sur-
gical therapy must be initiated. If hyperventilation is used
for a sustained period, its cerebrovascular effects are lost
and ICP returns to baseline. At this point, a rise in PaCO2

can cause a dramatic rebound increase in ICP; therefore,
hyperventilation should be slowly discontinued over sev-
eral hours.

Steroid therapy (up to 20 mg of dexamethasone every
four hours intravenously) may lead to neurologic improve-
ment in patients with cerebral edema associated with brain
tumors. There is no demonstrated benefit of steroids in in-
tracerebral hemorrhage, traumatic brain injury, or stroke.

The role of surgery for treatment of increased ICP de-
pends on multiple factors, including the type of injury, the
condition of the patient, and the location of the injury.
Lobectomy is utilized in some patients with traumatic
brain injury or tumor who are refractory to medical man-

agement of intracranial hypertension. Recently, there has
been increased interest in hemicraniectomy as another sur-
gical option. Initially applied to patients with large strokes
and massive edema, it is now being used in patients with
head trauma, intracerebral hemorrhage, and severe en-
cephalitis. It offers the advantage of not only increasing the
size of the intracranial vault but also in reversing tissue
shifts. It is currently being evaluated as primary treatment
in patients with traumatic subdural hematomas and un-
derlying cerebral edema.

SPONTANEOUS SUBARACHNOID
HEMORRHAGE (SAH)

Approximately 30,000 people in the United States suffer a
nontraumatic SAH each year. Rupture of an intracranial
aneurysm accounts for about 80% of these hemorrhages.
Other causes of non-traumatic SAH include ruptured arte-
riovenous malformation, bleeding disorders, mycotic
aneurysms, sinus thrombosis, or idiopathic SAH. The 1-
year mortality rate for untreated aneurysmal SAH is 60%,
with one-third of patients dying from the initial event and
another 15% dying as a result of rebleeding within 1
month. Aneurysms occur more frequently in females than
males (3:2), and peak incidence of rupture is between ages
50 and 60 years.

About 80% of aneurysms are berry or saccular aneurysms
found at the base of the brain at the bifurcations of the ves-
sels that make up the circle of Willis (Figure 117.4). Ap-
proximately 20% of patients have multiple aneurysms.
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Figure 117.4 A. Computed tomographic scan of subarachroid hemorrhage. Subarachnoid hem-
orrhage (arrows) from an anterior communicating artery aneurysm. The amount of blood on this scan
represents Fisher grade III, putting the patient at high risk for vasospasm. Also note that hydro-
cephalus is present, indicated by the dilation of both temporal horns of lateral ventricles. B. Cerebral
aneurysm. An anterior communicating artery aneurysm (arrow) seen on the carotid injection of a cere-
bral angiogram.
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Larger aneurysms are more likely to rupture than those
smaller than 3 mm. The formation of aneurysms has been
associated with fibromuscular dysplasia, Marfan syndrome,
pseudoxanthoma elasticum, Ehler-Danlos syndrome, poly-
cystic kidneys, and coarctation of the aorta. Risk factors for
SAH include hypertension, smoking, and heavy alcohol use.
Recently it has been recognized that genetics play a role in
aneurysm formation, with a very high rate of aneurysms in
certain families.

Issues at the Time of Admission

Clinical Presentation

The classic presentation of SAH is the acute onset of a se-
vere headache, often described as “the worst headache of
my life,” followed by a brief loss of consciousness in 45%
of cases. Nausea and vomiting are also common, but only
about 10% of patients manifest focal neurologic signs. Ap-
proximately 10% of patients have a seizure at the onset of
the hemorrhage. Neck stiffness is very common but may
take several hours to develop. A more atypical presentation
is seen in patients who have “warning leaks” or sentinel
hemorrhages. These patients may complain of generalized
headache, nausea, vomiting, or malaise, all of which can
develop hours to days before they present to the hospital
with more typical symptoms.

The Hunt Hess SAH classification and the Fisher scale help
categorize the clinical and radiographic features of SAH
(Table 117.2), and they help define the risk of vasospasm.
An SAH patient with a Hunt Hess grade III (or higher) or a
Fisher grade III is at highest risk.

Differential Diagnosis and Initial Evaluation

A patient with acute onset of severe headache and a brief
loss of consciousness has an SAH until proven otherwise
(2). Other disorders that can present in a similar fashion in-
clude a ruptured arteriovenous malformation, intracranial
hemorrhage, migraine, hypertensive encephalopathy, or,
rarely, stroke. These disorders, however, usually have a sub-
acute presentation and are more likely to be associated with
focal neurologic signs. Cardiac syncope, seizures, and
brainstem stroke can present with loss of consciousness but
rarely with acute onset of severe headache.

The initial evaluation always begins with assessment of
airway, breathing, and circulation. Once the patient has been
stabilized, emergent head CT without contrast is the diagnostic
study of choice. Head CT has a sensitivity greater than 90%
for SAH if performed within 24 hours of symptom onset.
The scan determines the patient’s Fisher grade as well as
identifies associated intraparenchymal hematoma, intraven-
tricular extension of the hemorrhage, or hydrocephalus. If
the head CT is negative and the clinical suspicion is high, a
lumbar puncture should be performed to look for bloody CSF
and xanthochromia; the latter usually develops over several

hours after hemorrhage because of the conversion of
hemoglobin from lysed red blood cells to bilirubin.

A 4-vessel cerebral angiogram should be performed
quickly in order to identify the type and location of the
aneurysm. Other tests that should be ordered include ad-
mission electrocardiogram, chest radiograph, prothrombin
time/activated partial thromboplastin time (PT/aPTT),
urinalysis, chemistries, complete blood count (CBC), elec-
trolytes, and type and screen. An early neurosurgical con-
sultation should be obtained regarding the timing and type
of management for the aneurysm.

Indications for Hospitalization and Intensive
Care Unit Admission

All SAH patients are admitted to the hospital, almost al-
ways to an ICU. Patients who are initially stable may suffer
devastating early complications such as rebleeding or acute
hydrocephalus and thus require close monitoring. In addi-
tion, patients with higher Hunt Hess or Fisher grades are at
increased risk for cardiac arrhythmias, heart failure, and
neurogenic pulmonary edema (3). Therefore, they require
close neurologic and cardiac monitoring. Ideally, these pa-
tients should be cared for at specialized centers that are
more familiar with the early and late complications of this
disease and the treatment options.
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TABLE 117.2
CLASSIFICATION OF SUBARACHNOID
HEMORRHAGE

Grade Signs and symptoms

Hunt Hess classification

I No symptoms or slight headache
II Moderate-to-severe headache and nuchal 

rigidity, but no focal or lateralizing 
neurologic signs

III Drowsiness, confusion, and mild focal
deficits

IV Stupor, hemiparesis, early decerebrate 
rigidity, and vegetative disturbances

V Deep coma and decerebrate rigidity

Fisher scale

I No subarachnoid hemorrhage on 
computed tomography

II Broad diffusion of subarachnoid blood, 
no clots, and no layers of blood 
greater than 1 mm

III Either localized blood clots in the 
subarachnoid space or layers of blood 
greater than 1 mm

IV Intraventricular and intracerebral 
blood present, in absence of significant 
subarachnoid blood
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Initial Therapy

Blood pressure control is important to prevent the
aneurysm from re-rupturing; blood pressure should be
maintained in the patient’s usual range. If that is unknown,
the mean arterial pressure usually is kept below 100 mm Hg.
The preferred antihypertensive agents are labetalol or hy-
dralazine, each given as a bolus every 15–20 minutes, as
needed. Alternatively, a nicardipine infusion can be helpful.

The patient should be kept calm, quiet, and comfortable,
using sedatives if necessary. Activities that could cause
abrupt changes in blood pressure or ICP, such as the Valsalva
maneuver or coughing, should be avoided to reduce the risk
of rebleeding, which is highest in the first 24 hours. The pa-
tient is given nimodipine (60 mg po every 4 hours), a cal-
cium channel blocker that reduces ischemic deficits from
vasospasm. Phenytoin is given to prevent seizures, and some
centers use dexamethasone (4 mg intravenous every 6
hours) to reduce the inflammatory response to the hemor-
rhage. Adequate analgesia is essential, because it not only
keeps the patient calm but also helps treat elevated blood
pressure. Stool softeners are given to prevent straining, and
pneumatic leg compression and anti-embolic stockings are
used to prevent deep venous thrombosis.

Issues During the Course of Hospitalization

Cardiac Complications Associated with SAH

SAH can cause electrocardiographic changes, cardiac ar-
rhythmias, elevated cardiac enzymes, and wall-motion ab-
normalities. Electrocardiographic abnormalities include
inverted T waves, prolonged QT intervals, prominent U
waves, and nonspecific ST-segment changes. Cardiac ar-
rhythmias include sinus tachycardia, sinus bradycardia, si-
nus arrhythmia, and, rarely, malignant arrhythmias, such
as ventricular tachycardia, torsades de pointes, and asystole.
It is believed that the cardiac complications of SAH result
from either elevated systemic catecholamine levels or direct
sympathetic neural stimulation of the heart, and that they
are anatomically and pathologically distinct from ischemic
cardiac disease (4).

Most of the cardiac disturbances are benign and resolve
spontaneously. Rarely, patients have a striking clinical pre-
sentation including pulmonary edema, severe wall-motion
abnormalities on echocardiogram, and pump failure. Be-
cause the pathophysiology in this situation is unclear, these
patients may require prolonged cardiac monitoring and
Swan-Ganz catheterization for management. These changes
are generally transient, lasting 2–3 days, followed by return
to normal cardiac function on follow-up evaluation.

Rebleeding

The risk of rebleeding from a cerebral aneurysm is highest
(around 4%) during the first 24 hours after hemorrhage
and falls to about 1.5% per day over the next 2 weeks. 

Rebleeding is usually a catastrophic event, and 40%–50%
of patients who rebleed die. The event is usually heralded
by an acute rise in blood pressure and ICP, arrhythmias,
and loss of consciousness. Airway, breathing, and circula-
tion need to be readdressed. Repeat head CT reveals new
hemorrhage in the subarachnoid space.

Management in the ICU is designed to prevent changes
in pressure gradients across the aneurysm wall; thus, care is
taken in patients with a ventriculostomy to avoid sudden
decreases in ICP caused by draining large volumes of CSF
quickly. Rebleeding is best prevented by stabilization of the
aneurysm as soon as possible with either surgical clipping
or endovascular treatments.

Hydrocephalus

Hydrocephalus can occur shortly after the onset of the hem-
orrhage (often as a result of intraventricular extension of the
hemorrhage), may develop insidiously within the first 2
weeks, or occur in a delayed fashion. Hydrocephalus usually
presents as a progressive decline in level of consciousness, is
easily diagnosed with a CT scan, and is definitively treated
with a ventriculostomy. In patients who present with SAH
and acute hydrocephalus, the level of consciousness often
improves considerably after ventriculostomy.

Hyponatremia and Volume Contraction

Intravascular volume regulation is impaired in SAH pa-
tients. Spontaneous hypovolemia occurs in 30%–50% of
SAH patients (despite receiving what is considered to be ad-
equate maintenance fluids), and 10%–35% develop hy-
ponatremia. Although originally thought to be a result of
SIADH (Chapter 104), the etiology of hyponatremia in
SAH appears to be a complex combination of cerebral salt
wasting with an additional component of SIADH. Thus,
hyponatremic SAH patients are treated initially by volume
expansion with isotonic saline and free water restriction. If
hyponatremia persists, mildly hypertonic saline solutions
(1%–2% saline) are utilized. Hypotonic solutions should
be strictly avoided throughout hospitalization, as should
fluid restriction, which is associated with an increased risk
of stroke from vasospasm.

Repair of the Aneurysm to Prevent Rebleeding

For most patients who are Hunt Hess grades I through III,
and in many centers, grade IV, early repair of the aneurysm
(within three days of rupture) is the treatment of choice. In
more severely affected patients, the location and complexity
of the aneurysm, clinical grade of the patient, and difficulty
of the surgery play a role in deciding when and if surgery is
to be performed. Until recently, the only option for repair of
a ruptured cerebral aneurysm was surgical. Recently, en-
dovascular repair, in which platinum coils are placed into the
dome of the aneurysm to promote thrombosis, has become
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widely used. Although this technique was initially reserved
for patients who were poor surgical candidates because of
aneurysm location or configuration, it is now being applied
to a wider range of patients. In a recently completed, ran-
domized, controlled trial of surgery or endovascular treat-
ment, endovascular treatment was associated with reduced
morbidity and mortality (5). Early repair virtually eliminates
the risks of rebleeding and facilitates the treatment of va-
sospasm with hemodynamic augmentation (6) (see section
on Vasospasm below).

Seizures

Prophylactic anticonvulsant therapy is administered to all
SAH patients because of their small, but definite risk of
seizures. Phenytoin is generally used, because it is the least
sedating drug and can be administered either intravenously
or orally. For most patients, therapy should be continued
for several days and then discontinued. Patients who have
an intraparenchymal clot or focal strokes from vasospasm
are at increased long-term risk for seizures, and chronic
seizure prophylaxis is often administered, although its effi-
cacy has not been established.

Vasospasm

Vasospasm is the most frequent cause of injury or death in
patients who survive the initial aneurysm rupture. Although
angiographic vasospasm occurs in 60%–70% of all SAH pa-
tients, it only leads to clinically detectable symptoms in
about half of those cases. Angiographic vasospasm usually
occurs around 3–5 days after the SAH, with maximal nar-
rowing 7–14 days after hemorrhage. The narrowing usually
resolves in 2–4 weeks. Patients who develop symptoms are
said to have clinical vasospasm (also referred to as delayed
ischemic deficit) and demonstrate a decline in neurologic
function, including agitation, diminished level of conscious-
ness, or new focal deficits, which frequently fluctuate. The
symptoms are exacerbated by hypovolemia or hypotension.
Before treating a patient for clinical vasospasm, it is impor-
tant to make sure that the deterioration is not caused by
other processes, such as infection, metabolic derangements,
hydrocephalus, cerebral edema, or rebleeding.

Frequent neurologic examinations and transcranial
Doppler ultrasound studies are the most common ways to
monitor patients for delayed ischemic deficits. Patients at
risk for vasospasm undergo hourly neurologic assessments.
In addition, some institutions use daily transcranial
Doppler studies to monitor blood-flow velocity profiles of
the major intracranial vessels, although the test’s clinical
utility is uncertain.

Factors thought to contribute to delayed ischemic deficit
after SAH include vessel narrowing, loss of cerebral au-
toregulation, and hypovolemia. These observations have
formed the basis for the treatment of delayed ischemic
deficit with hemodynamic augmentation, also known as

hypervolemic, hypertensive, hemodilution (“triple H”)
therapy, or hypervolemic, hypertensive therapy. These
treatments involve manipulation of blood pressure, in-
travascular volume, and cardiac output in varying combi-
nations with the goal of increasing CBF and reversing the
neurological deficit.

Measures that may be useful in preventing clinical va-
sospasm include administration of nimodipine, surgical
removal of subarachnoid blood, and careful attention to
volume status to avoid hypovolemia. With the onset of
clinical signs of vasospasm, the first step is to assure that the
patient is not hypovolemic. It does not appear that hyper-
volemia provides any additional benefit unless it results in
a rise in cardiac output and blood pressure (7). Patients
with cardiac disease may benefit from having therapy
guided by a Swan-Ganz catheter. Elevation of blood pres-
sure is believed to increase CBF in the setting of disrupted
cerebral autoregulation. In general, blood pressure can be
increased by using phenylephrine to raise systemic vascular
resistance. Dopamine is sometimes effective but has a high
incidence of tachyarrhythmias. In patients with poor left
ventricular function, intropes may be necessary. Careful
monitoring for cardiac or systemic toxicities related to va-
sopressor agents is essential (Chapter 25). While the ther-
apy is guided by setting goals for cardiac index and blood
pressure, it is important to emphasize that the ultimate
goal of therapy is to reverse the neurological deficit. Thus,
hemodynamic goals should frequently be reassessed in
light of the patient’s neurological response to therapy.
Therapy is slowly tapered over several days after neurologic
deficits stabilize and improve. If symptoms recur during
the taper, therapy is increased again until the patient stabi-
lizes. It is important to note that hypertensive therapy is
generally reserved for patients whose aneurysms have been
repaired by surgery or endovascular coiling.

Newly emerging treatments for vasospasm include
transluminal angioplasty and intra-arterial infusion of
vasodilators, such as papaverine or nicardipine. Balloon an-
gioplasty can dilate vasospastic proximal intracranial vessels
with long-lasting effects (8). It is not useful for diffuse dis-
tal spasm, because of the small vessel caliber, and can be as-
sociated with serious complications, such as artery rupture
or displacement of aneurysm clips. Intra-arterial papaverine
is a potent direct vasodilator. Unfortunately, the effects are
short-lived, and it is not without significant risks, including
increased ICP, transient neurologic deficits, and respiratory
depression. Thus, its use has declined considerably. Al-
though angioplasty has not been evaluated in prospective
controlled trials, early experience has been encouraging
and its use is becoming routine in many centers.

General Medical Management

Patients with severe neurologic deficits usually remain in-
tubated until they recover a sufficient level of conscious-
ness and their cough and gag reflexes. Although induced
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coughing and rigorous suctioning should be avoided dur-
ing periods of elevated ICP or when the aneurysm that bled
has not been repaired, they are essential later in the hospi-
tal course. Some patients may not regain the ability to pro-
tect their airways and need to undergo a tracheostomy.

Brain-injured patients are hypermetabolic and hyper-
catabolic and, therefore, aggressive nutritional support is
needed. If a patient’s neurologic status does not allow him or
her to eat safely, then enteral feedings should be initiated as
soon as possible (Chapter 15). To avoid aspiration during
tube feeding, it is useful to elevate the head of the bed and
administer metoclopramide (10 mg every 6 hours). Agents
to prevent GI bleeding should also be administered (Chap-
ter 80). Deep venous thrombosis prophylaxis, usually with
compression stockings, is also essential. The use of prophy-
lactic subcutaneous heparin is controversial, although its use
after repair of aneurysm is becoming more widespread.

Discharge Issues

About 25% of SAH patients survive with good neurologic
outcomes. After stabilization and intervention, early con-
sultation with physical, occupational, and speech thera-
pists is critical in determining the amount and type of
rehabilitation the patient needs. Social services coordinate
the needs of the patient and family with their insurance
companies and facilitate the transfer of the patient to the
most appropriate rehabilitation facility.

INTRACRANIAL HEMORRHAGE

Intracranial hemorrhage can occur within any of the spaces
of the cranium (subarachnoid, subdural, epidural, and in-
tracerebral) and accounts for roughly 12%–15% of all
strokes. This section focuses on intracerebral hemorrhage
(ICH), an often devastating neurologic disease that pre-
sents with signs and symptoms similar to ischemic stroke.
The symptoms are often more severe and require ICU ad-
mission. Management depends on the size and location of
the hemorrhage.

Issues at the Time of Admission

Clinical Presentation

The signs and symptoms associated with an ICH vary with
the location and size of the hemorrhage (9). In general, the
presentation is similar to that of ischemic stroke (Chapter
116), except that the onset of symptoms is more rapid and
headache, nausea, vomiting, and seizures are more com-
mon. If the hemorrhage is small, the patient may complain
of an acute onset of headache with focal neurologic signs,
such as hemiparesis, hemisensory loss, or difficulty speak-
ing. With a large hemorrhage, the patient will quickly
become lethargic or comatose.

The most frequent locations for hemorrhage are the
putamen (35%), thalamus (10%), caudate (5%), cerebral
lobes (30%), cerebellum (15%), and pons (5%). These dif-
ferent locations cause distinct clinical presentations (Figure
117.5). Putaminal hemorrhages present with contralateral
hemiparesis, hemisensory loss, aphasia if on the dominant
side, and neglect if on the nondominant side. Thalamic
hemorrhages usually have prominent sensory findings and
vertical eye-movement abnormalities. Patients with cere-
bellar hemorrhages complain of acute onset of headache,
nausea, vomiting, and difficulty walking. Large pontine
hemorrhages can be devastating, causing acute quadripare-
sis, pinpoint pupils, and coma. Lobar hemorrhages pro-
duce variable neurologic signs depending on the brain
region involved. Caudate hemorrhages usually cause
headache, vomiting, confusion, and decreased short-term
memory. They also may cause contralateral conjugate gaze
paresis, hemiparesis, or hemisensory deficits.

Differential Diagnosis and Initial Evaluation

The differential diagnosis of ICH includes SAH, hypertensive
encephalopathy, ischemic stroke, meningitis, encephalitis,
subdural hematoma, epidural hematoma, migraine, or arte-
rial dissection. Usually an accurate history and CT scan can
easily determine the correct diagnosis.
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Figure 117.5 Intracranial hemorrhage. A large right basal gan-
glia hemorrhage with minimal (5 mm) midline shift. This patient pre-
sented with acute onset of lethargy, left hemiparesis, and left-sided
neglect.
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Multiple causes exist for ICH and vary depending on the
age of the patient and location of the hemorrhage. Hyper-
tension is the most common cause in most age groups.
Putaminal hemorrhages, followed by cerebellar and pon-
tine hemorrhages, are the most common hypertensive
hemorrhages. Blood pressure is often acutely elevated after
ICH, and therefore a careful history and evaluation must be
performed in order to determine if premorbid hyperten-
sion existed.

One of the most common causes of lobar hemorrhages
in elderly, normotensive patients is amyloid angiopathy.
These patients often present with a series of lobar hemor-
rhages caused by deposits of �-amyloid in the media of
the cerebral vessels. Definitive diagnosis is by brain
biopsy or autopsy, and care is supportive. Other frequent
causes in this age group include bleeding into a tumor,
use of anticoagulation or thrombolytic agents, or hemor-
rhagic conversion of an ischemic stroke. The risk of a
hemorrhagic complication with warfarin therapy increases
with the length of time on the medication and with over-
anticoagulation. Ten percent of ICHs are associated with
warfarin or heparin therapy.

In younger patients, the differential diagnosis is exten-
sive, including arteriovenous malformation, illicit-drug use
(cocaine, amphetamines), sympathomimetic agents, vas-
culitis, trauma, cavernous angiomas, embolic stroke, neo-
plasm, Moyamoya disease, bleeding diathesis, and
aneurysms. In general, if the patient is young and nor-
motensive or the hemorrhage is in an unusual location, fur-
ther evaluation with MRI and/or angiography is necessary
to look for an atypical cause.

The initial evaluation, as with most severe neurologic in-
juries, begins with stabilization of airway, breathing, and
circulation. Following this, a more thorough physical and
neurologic examination can be performed and head CT
without contrast rapidly obtained. The head CT identifies
the location and size of hemorrhage, the presence of intra-
ventricular extension, or hydrocephalus. Caution needs to
be taken if looking for hemorrhages in the posterior fossa
because CT scans can have unusual artifacts that may mask
or mimic a hemorrhage in this location. A poor prognosis
is seen in patients who are older, have a Glasgow Coma
Scale score �8, or have volumes of hemorrhage �60 mL,
increased blood pressure, intraventricular extension, or
hydrocephalus.

Patients who have atypical or difficult-to-delineate le-
sions on head CT require an MRI or a cerebral angiogram.
For instance, a tumor should be considered in any hemor-
rhage with unusual margins located in the gray-white junc-
tion. An MRI with contrast would best define this lesion as
well as an arteriovenous malformation. If there is suspicion
of an aneurysm, then a cerebral angiogram should be per-
formed as soon as possible.

All patients require routine admission laboratory tests
including a coagulation panel. Any coagulopathy should
be rapidly corrected.

Indications for Hospitalization and 
ICU Admission

All patients with an ICH should be admitted to the hospi-
tal. Hemorrhages may continue to expand, and, therefore,
all patients require close neurologic monitoring. Patients
who present with evolving neurologic signs, lethargy, or
coma require admission to the ICU. Other criteria include
the need for an intraventricular catheter for hydrocephalus,
evolving hydrocephalus on scan, cerebellar hemorrhage,
electrocardiographic abnormalities, difficult-to-control
blood pressure, or need for intubation. Ideally, these pa-
tients should be cared for at specialized centers that are
more familiar with the early and late complications of this
disease and the treatment options (10).

Indications for Early Neurosurgical Consultation

Neurosurgical evaluation is essential for all patients with
cerebellar hemorrhage or hydrocephalus associated with
any hemorrhage. The role of surgery for hemorrhages in
other locations remains uncertain and varies considerably
across centers. Patients frequently considered surgical can-
didates are younger patients who are deteriorating and have
superficial hemorrhages. The decision to intervene should
be made in close consultation with a neurosurgeon, who
can also provide recommendations on timing and place-
ment of an intraventricular catheter for hydrocephalus.

Issues During the Course of Hospitalization

Continued Bleeding

It has recently become apparent that ICH is not a discrete
event; many hemorrhages continue to enlarge. In one
study, about one-third of hemorrhages extended during the
first hour after arrival at the hospital. This occurs more fre-
quently in patients who present early and have large, irreg-
ular-shaped hemorrhages. No relationship with elevated
blood pressure has been found. The use of recombinant ac-
tivated Factor VII is currently being evaluated as a means of
preventing hematoma enlargement.

Blood Pressure Control

Most patients who present with an ICH have elevated
blood pressure. A balance must be sought between lower-
ing elevated blood pressure that may place the patient at
risk for further bleeding, cardiac ischemia, or congestive
heart failure (CHF), and decreasing the blood pressure so
much that cerebral ischemia is risked. Patients with a his-
tory of hypertension have altered autoregulation such that
CBF falls at “normal” blood pressures and, therefore, are
at risk for ischemia if the blood pressure is decreased too
aggressively. Recent studies, however, indicate that mod-
est reduction (15%) of blood pressure in hypertensive
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patients (mean arterial pressure of 120–150 mm Hg) did
not lower cerebral blood flow and was therefore consid-
ered safe (11). Another report, however, pointed out that
lowering blood pressure too rapidly and aggressively is
harmful. With these factors in mind, blood pressure
should be treated conservatively with modest reduction of
pressure in hypertensive patients, but never below a mean
pressure of 100 mm Hg. Labetolol, an �- and �-blocker, is
ideal in this setting because it is easy to use and has no ef-
fect on ICP. Hydralazine or nicardipine may also be used.
Medications such as sodium nitroprusside and nitrates
should be avoided because they cause venodilation and
elevate the ICP.

Hydrocephalus

Patients with ICH can present with hydrocephalus or de-
velop it over the first few hours after presentation. Patients
who are awake may complain of worsening headache, nau-
sea, or vomiting. Signs of hydrocephalus include a de-
creased level of consciousness, impairment of upward gaze,
and sixth nerve palsies. A head CT without contrast should
be obtained and a neurosurgeon consulted if hydro-
cephalus is present. In patients with small hemorrhages,
placement of an intraventricular catheter will allow for
immediate drainage of CSF and for ICP monitoring. The
need for permanent shunt placement will be determined
by the neurosurgical consultant. In patients with large
hemorrhage and hydrocephalus, the role of a ventricu-
lostomy is much less certain. Mortality is this group is ex-
tremely high, and there is concern that a ventriculostomy
could worsen midline shift.

Seizures

Approximately 10% of patients with ICH develop seizures,
either generalized or focal. Patients with cortical hemorrhage
or who present with seizures are often administered pheny-
toin, with levels maintained between 10–20 mg/dL. Those
with posterior fossa or deep supratentorial bleeds are gener-
ally not treated with anticonvulsants unless they have a
seizure. Long-term anti-epileptic therapy is determined
case–by–case, weighing the risks and benefits. Patients with
large cortical lesions, strokes, tumors, arteriovenous malfor-
mations, or recurrent seizures in the hospital are more likely
to require long-term anti-epileptic therapy (Chapter 118).

Treatment of Elevated ICP

The guidelines outlined earlier in the chapter should be fol-
lowed closely in patients with ICH and elevated ICP.

Surgical Management

Although there are several randomized studies showing
no clear benefit of surgery in supratentorial ICH, the

results of these studies vary somewhat, in part because of
variations in the timing of surgery and location of the
hemorrhage (12). Recent attempts at very early surgery
have been complicated by high rates of rebleeding (13).
New interest exists in investigating early stereotactic
surgery in these patients. At present, however, the neuro-
surgeon carefully evaluates the location, size, and timing
of neurologic decline for each patient before deciding on
surgery.

There is clear benefit to surgical removal of cerebeller hem-
orrhages. Patients with mild deficits initially can rapidly
worsen because of the close proximity of critical brainstem
structures and the fourth ventricle. Therefore, prompt re-
moval is recommended in patients with hemorrhages
greater than 2–3 cm in diameter and altered sensorium.
Good recovery is often seen even if a large portion of the
cerebellum is removed.

General Medical Management

Medical management for ICH patients is similar to that for
SAH or other brain injured patients. Attention needs to be
focused on pulmonary toilet, deep venous thromobosis
prophylaxis, gastrointestinal stress ulcer prophylaxis, and
nutrition. These are reviewed in the previous section.

Discharge Issues

Patients who suffer an ICH larger than 60 mL, a thalamic
hemorrhage greater than 3 cm in diameter, a pontine hem-
orrhage greater than 1 cm in diameter, or who are uncon-
scious on presentation all have poor prognoses and a high
mortality rate. The utility of these prognostic factors is
somewhat open to question because many ICH patients
have life-sustaining interventions withdrawn (14), possibly
resulting in a self-fulfilling prophecy (15). Patients with
smaller hemorrhages or lobar hemorrhages have a better
prognosis and chance for functional recovery. Therefore, as
for SAH patients, the rehabilitation team and social services
need to be involved early.

SUBDURAL HEMATOMA

Subdural hematomas are hemorrhages located in the space
between the arachnoid membrane and dura mater. The
bleeding can be caused by damage to arteries or veins and
usually occurs after a low-velocity head injury. Subdural
hematomas are divided into acute, subacute, and chronic,
depending on the time course (Figure 117.6). Acute sub-
dural hematomas occur in approximately 10% of all head
injuries and present within the first three days after injury.
Subacute subdural hematomas present between days 4 and
20 after injury; chronic subdural hematomas present after
21 days.
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The majority of chronic subdural hematomas occur in pa-
tients older than age 50 because of damage to the bridging
veins between the brain and dura mater that become more
fragile with age. Thirty-five to 50% of these patients do not
give a history of trauma. Predisposing factors for chronic
subdural hematomas include chronic alcoholism, brain at-
rophy, CSF shunts, seizure disorders, coagulopathies, war-
farin use, and liver disease.

Issues at the Time of Admission

Clinical Presentation

Subdural hematomas can have a variety of different clinical
presentations and therefore can be easily missed; this oc-
curs in up to 40% of patients. Patients with acute subdural
hematomas often have a history of trauma. If large, the pa-
tient may experience rapid neurologic deterioration, with a
decreased level of consciousness and progressive focal neu-
rologic signs caused by the hematoma’s mass effect.

Most subdural hematomas result from damage to
veins, and therefore the patient may present with an in-
sidious onset of nonspecific symptoms. Eighty percent of
patients with chronic subdural hematomas complain of
headache, while up to 50% present with hemiparesis and
roughly 10% with seizures. Gait disturbances, nausea,
vomiting, memory impairment, dysphagia, confusion,
lethargy, and urinary incontinence are other common pre-
senting symptoms. Papilledema can be found in up to
25% of patients.

Occasionally a chronic subdural hematoma may be-
come extremely large, despite minimal neurologic signs or

symptoms. As the patient’s intracranial compliance de-
creases, rapid onset of neurologic decompensation can
occur, requiring immediate intervention.

Differential Diagnosis and Initial Evaluation

The differential diagnosis includes stroke, transient is-
chemic attack, meningitis, encephalitis, tumor, hydro-
cephalus, dementia, abscess, and other processes that may
increase ICP. The initial evaluation includes assessment of
airway, breathing, and circulation. Once stable, the patient
who is suspected of having a subdural hematoma requires
a head CT without contrast. If the hematoma is acute, the
hemorrhage appears bright. Subacute lesions may have a
focus of bright signal with acute blood and a surrounding
isodense or hypodense area representing older blood. Oc-
casionally, hemorrhages are entirely isodense relative to
brain and very difficut to detect; a CT with contrast or MRI
is required. Chronic subdurals are particularly likely to ap-
pear hypodense on head CT and therefore difficult to see
(Figure 117.6). Radiographic clues include loss of cortical
sulci, midline shift, or compression of the lateral ventricle.
Along with appropriate imaging, patients with subdural
hematomas require basic admission laboratory studies, in-
cluding metabolic profiles and coagulation studies.

Indications for Hospitalization and Intensive
Care Unit Admission

Patients with subdural hematomas should always be ad-
mitted to the hospital for observation, evaluation, and
management, but not all need to be admitted to the ICU.
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Figure 117.6 Head computed tomographic scan of acute-on-chronic, subacute, and chronic sub-
dural hematomas. A. An acute-on-chronic subdural hematoma with significant midline shift over the
right cerebral cortex. The bright signal abnormality within the lesion represents acute blood. B. A
subacute subdural over the left hemisphere. At this stage the blood in some regions is becoming iso-
dense with the brain parenchyma. C: The crescent-shaped hypodense region over the right cerebral
hemisphere represents a chronic subdural hematoma. There is also a loss of cortical sulci adjacent to
the hematoma and mild compression of the right lateral ventricle.
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Patients with a decreased level of consciousness, rapidly
changing neurologic examination, significant midline
shift, hydrocephalus, electrocardiographic changes, cardiac
arrhythmias, or signs of increased ICP and those requiring
intubation should be admitted to the ICU. In addition,
some patients undergo bedside drainage of their subdural
hematomas in the ICU.

Indications for Early Consultation

All patients with subdural hematomas require a neurosurgi-
cal evaluation to address acute management and surgical op-
tions. Patients who present with acute subdural hematomas
require immediate evaluation by the neurosurgeon in the
emergency room; worse outcomes are seen if there is a delay
between the initial incident and surgery.

Initial Therapy

Most patients with an acute subdural hematoma should
have their blood evacuated immediately. Patients with ele-
vated ICP should be treated as outlined previously. Those
with stable neurologic examinations may be observed
closely in the ICU or on the floor, with frequent neurologic
examinations and monitoring of the vital signs. Triage of
these patients should be performed in collaboration with
the neurosurgical team. Any patient with a coagulopathy
should have it quickly corrected.

Issues During the Course of Hospitalization

Surgical Drainage

Some patients with chronic subdural hematomas and min-
imal neurologic deficits can be managed conservatively,
guided by serial head CT scans. Most patients with abnor-
mal neurologic examinations require surgical intervention.
The hematoma can be evacuated either through a burr hole
or craniotomy in the operating room. For less complicated
chronic hematomas, some surgeons may opt to perform a
twist-drill craniostomy procedure under a local anesthetic.
A catheter, attached to a collection bag, is placed in the sub-
dural space for drainage of the liquefied hematoma.
Patients who undergo this procedure require frequent neu-
rologic assessments and must lie flat for the duration of
drainage, which usually lasts 1–2 days. This may present a
problem in patients with congestive heart failure or severe
chronic obstructive pulmonary disease. Most patients
treated with an indwelling drain are given prophylactic an-
tibiotics.

Common complications of these procedures include
ICH, reaccumulation of the hematoma, seizures, empyema
formation, and pneumocephalus. If the patient requires
ICU care or has severe neurologic deficits, they also may be
at risk for nosocomial pneumonia, deep venous thrombo-
sis, or stress ulcers.

Seizures

Seizures are relatively uncommon in patients with chronic
subdural hematomas (less than 10%). However, some se-
ries show a higher risk of seizures after surgical interven-
tion, and therefore most patients who undergo surgical
evacuation of the hematoma receive anticonvulsants for at
least one week. Patients with a seizure history before the
subdural may suffer an increase in seizure frequency after
surgical evacuation; long-term therapeutic antiepileptic
treatment is recommended (Chapter 118).

Discharge Issues

Discharge issues for these patients are similar to those dis-
cussed for SAH and ICH.

COST CONSIDERATIONS AND
RESOURCE USE

A financial analysis that reviewed use of hospital resources
in the treatment of cerebral aneurysms found that the
average cost of treatment of a patient who developed va-
sospasm at an academic medical center was $38,400. The
highest areas of hospital cost were identified as the ICU bed
(29%) and angiography (10.3%), followed by medical sup-
plies (9.6%) and hospital-ward bed (6%). Surprisingly, the
cost of the surgery (3.7%) and the multiple CT scans (2%)
were ranked relatively low. Strategies suggested to reduce
the cost of treatment included (a) developing better means
of predicting which patients will develop vasospasm to fa-
cilitate early transfer out of the ICU; (b) developing alter-
native areas outside the ICU to monitor patients for va-
sospasm; and (c) critically investigating the efficacy of
intra-arterial infusions of papaverine to potentially reduce
the utilization of angiograms. The prolonged period of risk
for vasospasm precludes attempts to shorten overall length
of hospital stay. The total cost of caring for patients with
ICH in academic medical centers is reported to average
more than $25,000 because of long lengths of stay. One
motivation for the use of bedside twist-drill craniostomy in
treating subdural hematomas was to reduce the total cost
by eliminating operating room and anesthesia costs. This,
however, is offset by a longer ICU stay. Further study is
warranted.

KEY POINTS

■ Initial management of all patients with intracranial
bleeding or elevated ICP should address airway, breath-
ing, and circulation.

■ If elevated ICP or intracranial bleeding are suspected, an
emergent head CT should be obtained as soon as airway,
breathing, and circulation have been addressed.
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■ All patients with suspected elevated ICP should be given
immediate empiric therapy with mannitol.

■ Early neurosurgical consultation is needed in all sub-
arachnoid, subdural, epidural, and cerebellar hemor-
rhages and ICH associated with hydrocephalus.

■ The major complications of aneurysmal SAH are re-
bleeding, hydrocephalus, and vasospasm.

■ Patients with severe brain injury require pulmonary toilet,
nutritional support, deep venous thrombosis prophylaxis,
stress-ulcer prophylaxis, and a multidisciplinary approach
to rehabilitation and discharge planning.
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Seizures
Paul A. Garcia

SCOPE OF THE PROBLEM

Seizures are a common neurological problem; the lifetime
risk for having a seizure is approximately 10%. A seizure oc-
curs when a group of neurons fires aberrantly, resulting in a
convulsion, behavioral arrest, focal movement, or sensory
disturbance—the manifestations depend upon the neural
circuitry and the region of brain involved. Seizures may be
caused by almost any type of brain injury and many
metabolic disturbances. A diagnosis of epilepsy implies that a
person has a chronic, inherent predisposition toward
seizures rather than a transient alteration in the seizure
threshold that might occur during a fever or metabolic dis-
turbance. For example, a patient who has a seizure from co-
caine toxicity can prevent future seizures by abstaining from
further cocaine use, and thus does not have epilepsy. On the
other hand, if a patient has a cocaine-related stroke and
seizures persist despite abstinence from cocaine, epilepsy is
present, and chronic treatment with anticonvulsant medica-
tions is necessary. The prevalence of epilepsy is about 0.5%,
and the lifetime risk of developing epilepsy is about 3% (1).
Although any given seizure typically resolves without seque-
lae, approximately 25% of patients with epilepsy eventually
die as a direct consequence of their condition because of ac-
cidents, sudden unexplained death in epilepsy (“SUDEP”),
or continuous seizures (status epilepticus). Prompt and
complete seizure control is necessary to limit a person’s risk.

Because seizures are even more common in acutely ill
patients and epilepsy is often exacerbated by acute illness,
all hospital-based clinicians will be called on to evaluate
and treat patients with these problems. In this chapter, the
evaluation and treatment of hospitalized patients with
seizures and epilepsy will be reviewed.

ESTABLISHING THE DIAGNOSIS

Did the patient really have a seizure? Syncope, psychogenic
seizures, sleep disorders, movement disorders, stroke, and

migraine can all be mistaken for epileptic seizures. Syncope
and psychogenic seizures are the most common mimics.
Because the evaluation and treatment of these conditions is
much different than for epileptic seizures, it is imperative
that a distinction be made. This requires a working knowl-
edge of the common clinical features of the epileptic
seizures (Table 118.1), as well as the features of seizure
mimics.

Clinical Features of Generalized Seizures

Generalized seizures arise diffusely over both hemispheres.
The most common etiologies include metabolic distur-
bances, inherited disorders that affect neuronal excitability,
diffuse brain injuries, and disorders of cortical development.
The most commonly encountered generalized seizure type is
the tonic-clonic seizure. During a tonic-clonic seizure, the en-
tire brain participates in an extremely rapid discharge of neu-
rons, leading to tonic extension of all the muscles lasting for
a few seconds. The massive excitatory discharges activate in-
hibitory cells in the thalamus, which produces a feedback in-
hibition. Soon the seizure enters a phase of alternating bursts
of discharge followed by synchronized inhibitory activity.
Clinically this is seen as the clonic phase, in which the ex-
tremities may have rhythmic jerking with alternating con-
traction and relaxation. Typically, at the end of the clonic
phase, there are a few final jerks, and then the patient lies un-
conscious, limp, and exhausted. Post-ictal lethargy and con-
fusion may last minutes-to-days.

Diffuse cortical firing can also be modulated by different
circuitry, resulting in other generalized seizure types.
Absence seizures are most common in children but can be
seen in adults. An absence seizure is a brief cessation of
movement, sometimes with minor rhythmic motions, such
as eyelid fluttering. The usual duration of an absence seizure
is less than 10 seconds. Myoclonic seizures involve rapid, sud-
den contraction of a group of muscles, which can be in the
extremities, trunk, or neck. These may be unilateral or 
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bilateral. A patient with myoclonic seizures may have in-
volvement on the right side on one occasion and the left side
on another; however, the disorder is usually a generalized
one. Tonic and atonic seizures result in sudden stiffening or
loss of tone, respectively. As might be expected, the major
morbidity related to these seizures is from falls.

Clinical Features of Partial (Focal) Seizures

Most adults with new seizures caused by a structural brain
abnormality will have partial seizures. Partial seizures that
remain confined to small brain areas and thus do not im-
pair consciousness are called simple partial seizures. The
symptoms of a simple partial seizure depend on the part of
the brain in which it arises. Simple partial seizures arising in
the motor cortex produce rhythmic jerking of the face or an
arm or leg. Simple partial seizures arising in the occipital (vi-
sual) cortex produce visual hallucinations. Although these
simple partial seizures are easy to identify as such, seizures
that arise from multimodal or association brain areas give
rise to more complicated symptoms. Simple partial seizures
arising from the temporal lobes are the most heterogeneous
and can produce a wide range of symptoms, including dèjá
vu, a sudden unexplained fear of impending doom, or a
poorly defined feeling of altered thinking. Frontal lobe sim-
ple partial seizures may be even more bizarre and can in-
clude features such as asymmetric bilateral posturing and
pelvic thrusting. Since many physicians are unfamiliar with
these symptoms, partial seizures of temporal or frontal lobe
origin often are misdiagnosed as psychogenic seizures.

A partial seizure that spreads to involve enough brain tis-
sue to produce impairment of consciousness is called a com-
plex partial seizure. Generally, this requires involvement of bi-
lateral areas of the brain, most often in the temporal lobes.
There may or may not be a simple partial phase (aura) to the

complex partial seizure, so the seizures may begin with or
without a warning sensation. The most common behaviors
seen during complex partial seizures are a brief blank stare,
an arrest of motion, and failure to respond meaningfully
to surrounding events. Automatic, stereotyped behaviors
(automatisms) are common. Partial seizures can spread dif-
fusely, causing a convulsion (secondarily generalized tonic-
clonic seizure). The spread can be so rapid that the attack is
clinically indistinguishable from a tonic-clonic seizure that
begins diffusely. Thus, tonic-clonic seizures should still be
considered possible evidence of a focal brain abnormality. In
patients presenting with tonic-clonic seizures, the patient
should be questioned about the presence of common warn-
ings that might suggest a focal onset, such as an epigastric
sensation, dèjá vu, an olfactory hallucination, or another
sensory symptom. Todd’s paralysis or other focal post-ictal
dysfunction also suggest a focal onset.

Clinical Features of Seizure Mimics

Syncope is the most common seizure mimic. Although
prominent motor manifestations and post-ictal lethargy
sometimes allow differentiation of seizures from syncope,
these features are often over emphasized. Syncope may be
accompanied by behavioral arrest, myoclonic movements,
or a convulsion. Seizures may be brief, without movements
and post-ictal confusion. Premonitory symptoms and the
clinical setting are more consistently helpful in making the
distinction. In contrast to the focal symptoms that initiate a
partial seizure, syncope is typically heralded by light-head-
edness, graying of vision, tinnitus, diaphoresis, and nausea.
The importance of the clinical context cannot be overstated.
When an otherwise healthy patient suffers a convulsion dur-
ing phlebotomy, it is quite likely because of convulsive syn-
cope. On the other hand, a patient presenting similarly but
with acute hyponatremia most likely has had a seizure.

Psychogenic seizures can also be confused with epileptic
seizures. The often-used synonym, pseudoseizures, has
fallen out of favor because it may cause patients to infer
that conscious “faking” is suspected by their physicians. Al-
though the prevalence of psychogenic seizures is probably
not high, disproportionate numbers of patients with psy-
chogenic seizures will be encountered in the hospital be-
cause anticonvulsant medications fail to control the
seizures. Among patients labeled as having “epilepsy” and
whose seizures are not controlled with anticonvulsant
medications, as many as 25% have psychogenic seizures. A
history of psychiatric problems does not strongly suggest a
diagnosis of psychogenic seizures, because patients with
epilepsy and brain injury also have an increased incidence
of psychiatric disturbances. Prolonged, asynchronous, wax-
ing, and waning motor activity may lead one to suspect
psychogenic seizures.

Often it can be determined whether a patient has had a
seizure based on the clinical information. Electroen-
cepalography (EEG) and imaging may also be helpful if the
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TABLE 118.1
MODIFIED INTERNATIONAL CLASSIFICATION
OF EPILEPTIC SEIZURES

Generalized seizures (generalized-onset)

Tonic-clonic
Absence
Myoclonic
Atonic
Tonic

Partial seizures (focal, localization-related, focal-onset)

Simple partial (no impairment of consciousness)
Motor
Sensory (somatic, visual, olfactory, auditory)
Psychic (dèjá vu, derealization, fear, etc.)
Autonomic (sweating, gastric sensations, etc.)

Complex partial (consciousness impaired)
Partial seizure secondarily generalized
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diagnosis remains unclear. The sensitivity of the routine
EEG for epileptiform discharges is about 40%. An esti-
mated 1%–2% the general population has epileptiform ab-
normalities. Thus, the positive predictive value will be high
if there is a reasonable prior probability of a seizure (Chap-
ter 6). For example, in a patient being evaluated for seizure
versus syncope, a positive EEG could raise the probability
that the attack was a seizure from 50% to �95%. Given the
low sensitivity of EEG, however, a negative study does not
exclude the possibility of seizures. As with EEG, the pres-
ence of a potentially epileptogenic lesion on brain imaging
strongly supports the possibility of seizure, but a negative
study is not helpful.

ACUTE MANAGEMENT OF SEIZURES

Because most seizures are self-limited, the first rule for treat-
ing discrete seizures is to do no harm. The most important ac-
tion for a health care worker is to position the person to pre-
vent aspiration or orthopedic injury. Aspiration risk can be
lowered by turning the patient on his side. Arterial blood gas
studies are likely to demonstrate hypoxia and a mixed aci-
dosis. Post-ictal hypoxia and hypoventilation are not usu-
ally indications for intubation because they resolve quickly.
The acidosis also resolves spontaneously and does not
require aggressive treatment. Aspiration pneumonia is a po-
tential complication of convulsions, but there is no evidence
that intubation to “protect the airway” reduces this risk.

Tonic-Clonic Status Epilepticus

In contrast to isolated seizures, status epilepticus is a medical
emergency (2). Until recently, most experts have used an
arbitrary seizure duration of 30 minutes for a working def-
inition of status epilepticus. Recently, analysis of isolated
seizures suggests that the vast majority of tonic-clonic
seizures terminate spontaneously in less than two minutes
(3). Therefore, a practical definition of convulsive status
epilepticus might be any tonic-clonic seizure that persists
long enough for intravenous medications to be prepared
for injection. Status epilepticus has an annual incidence in
the United States of somewhere between 40,000 and
100,000 cases. Status epilepticus can be caused by any of
the factors that cause discrete seizures, and the morbidity
and mortality are largely determined by the underlying
cause. A long duration of seizure activity is also associated
with poorer outcomes.

Systemic morbidity from tonic-clonic status epilepticus
may be related to transient hypertension, hypotension, hy-
poglycemia, hypoventilation, hyperpyrexia, or rhabdomy-
olysis. Drugs used to treat status can cause hypotension, ar-
rhythmias, hepatic dysfunction, and ileus. During
prolonged recovery, comatose patients may develop deep
venous thrombosis, decubitus ulcers, and aspiration. Neu-
rological morbidity from status epilepticus may be exacer-
bated by these medical complications but may occur even

if they are not present, perhaps because of excitotoxic injury
from ongoing abnormal neuronal firing.

Treatment of status epilepticus should be prompt and
well-organized (4). Standard treatment protocols have been
shown to result in improved outcomes. One suggested pro-
tocol is shown in Figure 118.1. The “ABCs” (airway, breath-
ing, and circulation) come first. Routine laboratory studies
should be drawn and sent at the same time that intravenous
access is established. Blood glucose level should be mea-
sured using a fingerstick kit. Glucose and thiamine should
be given rapidly if warranted. Computed tomography may
be performed early in the course of the evaluation but
should not delay anticonvulsant therapy.

Drug treatment of status epilepticus should be aimed at
rapid cessation of seizure activity. Benzodiazepines are the
first-line therapy, because of their broad spectrum of ac-
tion, ability to be administered rapidly, and rapid onset of
action. Lorazepam redistributes out of the brain less rapidly
than diazepam and therefore has a more sustained anti-
convulsant effect (5). The recommended dose of lo-
razepam is 0.1 mg/kg intravenously. The chief drawbacks
of the benzodiazepines are a brief duration of action, seda-
tion, and respiratory depression. 

Because the benzodiazepines will not have a prolonged
effect, phenytoin or fosphenytoin also should be given
promptly. The recommended initial dose is 20 mg/kg in-
travenously. If seizures persist, an additional 10 mg/kg can
be given intravenously. The “therapeutic range” quoted by
laboratories is irrelevant for patients with status epilepti-
cus; terminating the seizure is far more important than
avoiding mild dose-related toxicities such as sedation,
tremor, and ataxia. Levels up to 30 mg/dL may be useful.
Phenytoin should be administered as fosphenytoin, a
phenytoin prodrug, unless the preparation is not available.
In contrast to phenytoin, fosphenytoin is water-soluble
and does not require propylene glycol as a solvent. Because
much of the cardiovascular toxicity of intravenous pheny-
toin therapy is related to this vehicle, fosphenytoin can be
administered rapidly (up to 150 mg/min rather than 50
mg/min) with less risk of cardiovascular or local tissue tox-
icity. Because phenytoin has intrinsic cardiovascular effects,
continuous electrocardiographic and blood pressure mon-
itoring are recommended during administration of either
preparation. Fosphenytoin is labeled in “phenytoin equiv-
alents” so that there is no need to convert the dose based
upon the molecular weights of the preparations. For the
phenytoin-allergic patient, administration of another intra-
venous medication is necessary. Phenobarbital and val-
proate are potential candidates, with the latter having the
advantage of being structurally distinct from phenytoin
(making an allergic reaction very unlikely). Valproate is not
associated with cardiovascular or respiratory side effects,
thus allowing a very rapid infusion (as little as 5–10 min-
utes for a loading dose of 20 mg/kg).

If the seizures do not stop with the administration of
first-line, intravenous anticonvulsants, general anesthesia
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should be initiated promptly. Pentobarbital, midazolam,
and propofol are commonly used in this setting. If the pa-
tient has not yet been intubated, this should be done, and
a central line must be placed. Pressors are typically required
to maintain blood pressure. Following a loading dose, the
anesthetic agent is titrated under EEG monitoring until
seizures stop and a burst-suppression pattern is achieved.
The optimum depth and duration of anesthesia is un-
known. Typically, deeper, more-prolonged anesthesia is
tried if initial measures fail.

Unless the seizures abate promptly and the patient im-
proves neurologically, EEG is necessary to manage patients
in status epilepticus. It is also needed at times to confirm the
diagnosis. Some patients with psychogenic seizures have
been intubated and anesthetized, with all of the attendant
risks, before clinicians confirmed the true diagnosis. EEG is
also necessary to exclude ongoing seizure activity after the
movements stop. Thus, EEG is always indicated in patients

who have been pharmacologically paralyzed to facilitate
intubation or to treat hyperpyrexia, hypertension, or
rhabdomyolysis. EEG may also provide prognostic infor-
mation. Finally, as noted above, EEG is necessary to mea-
sure the depth of anesthesia when treating refractory status
epilepticus.

Non-Convulsive Status Epilepticus

Tonic-clonic status epilepticus is a dramatic condition that
comes to medical attention immediately. Patients may also
have subtle, continuous, non-convulsive seizure activity. It is
important to distinguish the different forms of non-convul-
sive status epilepticus because their treatments are very dif-
ferent. Absence status can occur in adults or children who
have discrete, absence seizures. It is characterized by a pro-
longed twilight state with variably altered consciousness. Ab-
sence status is not clearly harmful; recovery is almost instan-
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Figure 118.1 A protocol for management of status epilepticus. Arrows indicate the time at which
the intervention should be completed. Treatment should progress until clinical and EEG seizures
abate. Acceptable alternatives include: (1) IV phenobarbital before starting general anesthesia; (2)
Propofol (in adults) or midazolam in place of pentobarbital
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taneous after the seizure activity abates. Thus, therapy should
not expose the patient to risks that would be acceptable for
treating convulsive status. Simple partial status is character-
ized by retained consciousness with restricted continuous fo-
cal seizure activity, such as tremulous movement of one arm.
Episodes sometimes are precipitated by severe hyper-
glycemia (epilepsia partialis continua) and may respond to glu-
cose control. Simple partial status can be very resistant to
treatment and may persist for months-to-years. Complex
partial status may be a difficult clinical diagnosis, often pre-
senting with fluctuating encephalopathy or behavioral dis-
turbance. The neurological sequelae of simple and complex
partial status depend largely on the amount of tissue in-
volved and the duration of the seizure activity. Patients with
simple partial status rarely have lasting consequences. Pa-
tients with complex partial status may develop mild-to-
moderate neurological deficits if the seizure activity lasts for
more than a few days. Although partial status should be
treated aggressively with anticonvulsants, general anesthesia
is typically not necessary. Another form of non-convulsive
status can be seen in patients who initially have tonic-clonic
seizures that eventually seem to stop. The sole clinical feature
may be failure to return to baseline function. At times, subtle
motor manifestations such as eye or mouth twitching may be
present. EEG is necessary to confirm the diagnosis and guide
treatment. The treatment in this setting is with anticonvul-
sants or anesthetic agents, with the goal of abolishing both
clinical and electroencephalographic seizure activity.

Preventing Status Epilepticus

Given the severe consequences of status epilepticus, pre-
vention is highly desirable. Patients at risk for recurrent
seizures, especially those with a history of status epilepticus
or seizure clustering, should be offered rescue medications to
be used to interrupt seizure clusters and abort prolonged
seizures. Options include lorazepam 1 mg sublingual, di-
azepam 10–20 mg rectal gel, and midazolam 10 mg intra-
venous solution (2 cc) administered by syringe into the
mouth. The later two options can be administered by a
family member while the patient is having a seizure. Al-
though rescue medications clearly abort seizure clusters,
the evidence that they impact status epilepticus is less di-
rect. Nevertheless, since rescue medications have gained
increased acceptance and early treatment of seizures has ex-
tended beyond the emergency room to paramedics (4), the
incidence of status epilepticus as a discharge diagnosis has
fallen steadily in California over the last decade (6).

EVALUATION OF THE PATIENT WITH
SEIZURES

New Onset Seizures

The evaluation of a new seizure is different than for a recur-
rent seizure in someone who already is known to have

epilepsy. For the patient with a new seizure, the most
important question is whether the seizure is caused by an iden-
tifiable underlying cause. Emergency diagnoses that need to
be considered include acute metabolic disturbances, intox-
ications (including the patient’s regular medications [7]),
stroke, intracerebral hemorrhage, meningitis, and en-
cephalitis. Complete blood count, glucose, electrolytes, re-
nal function, liver enzymes, calcium, and magnesium
should be checked. A urine toxicology screen should be or-
dered if an obvious cause is not found on the initial evalua-
tion. Accurate diagnosis of the etiology has immediate treat-
ment implications in some cases, as shown in Table 118.2.

If a metabolic cause for new seizures is not identified,
brain imaging and EEG should be considered. While many
patients will require both studies, a rational approach
based on the likely causes in children and adults is possi-
ble. Because the most common definable etiology in
children is a genetic seizure predisposition, EEG should be
considered first in neurologically intact children with new
seizures, unless there is clinical suspicion for an acute neu-
rological process that requires immediate imaging. Adults
rarely have new seizures on a purely genetic basis. Imaging
should be ordered first, because a positive study often
makes the EEG superfluous. In children and adults, the
complementary study should be ordered if the initial study
is unrevealing.

Magnetic resonance imaging (MRI) is superior to com-
puted tomography (CT) for defining almost all possible
structural seizure etiologies. CT is often ordered acutely in
the emergency room to exclude acute neurological etiolo-
gies, such as infections or strokes. Follow-up for these
patients should include MRI to define subtle lesions, in-
cluding tumors and cortical malformations, that are often
missed on CT.

Patients with Established Epilepsy

When a patient with epilepsy has seizures, the main concern
(after the patient becomes medically stable) is determining
the reason for anticonvulsant failure. The two possible rea-
sons are an inadequate amount of medication or an inade-
quate medication effect.

Reasons for an inadequate amount of medication in-
clude prescribing doses that are too low, adherence prob-
lems, and altered bioavailability of the medication. A
common mistake made by physicians is to base the dose
of medicine on the serum “therapeutic range.” In fact,
many patients require higher levels to optimize protec-
tion, and they can achieve such levels without suffering
side effects. Serum anticonvulsant levels are most helpful
when physicians help patients find their individualized
“therapeutic level” that reflects the amount of medicine
that can be taken without dose-related, neurological side
effects. Common reasons for patients taking less than the
prescribed dose include forgetfulness, frustration with
side effects, and/or lack of efficacy. Altered medication
absorption, metabolism, or clearance should be sus-
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pected when a patient who has had well-controlled
epilepsy suddenly starts having seizures. This is a com-
mon occurrence in growing children. It also occurs when
patients have changes in thyroid, hepatic, or renal func-
tion. Medication interactions can also lead to altered
metabolism of anticonvulsants. Vomiting or diarrhea
may change absorption of the medication, resulting in
lowered serum levels.

If declining anticonvulsant levels do not explain a pa-
tient’s seizures, other reasons for lack of medication
efficacy should be considered. Most importantly, the
clinician should ask if the medication is known to be
effective for the patient’s type of seizures. All available
medications (except ethosuximide) have demonstrated ef-
ficacy for treating partial seizures and tonic-clonic

seizures. Patients with generalized, non-convulsive
seizures (absence, myoclonic, and atonic seizures) often
have poor seizure control or even exacerbation of their
seizures with “narrow spectrum” medications such as
phenytoin and carbamazepine. “Broad spectrum” medica-
tions, such as valproate, lamotrigine, topiramate, and zon-
isamide, can be effective for all types of seizures (1).
Other reasons for lack of medication efficacy relate to pa-
tient-specific factors that make seizures more difficult
to control, including sleep deprivation, drug use, seizure-
inducing medications, infections, and metabolic distur-
bances. If a patient has had good seizure control and one
of these precipitants is present but can be addressed, the
patient may not need to have a change in medication to
achieve good control again.
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TABLE 118.2
SEIZURES REQUIRING SPECIAL TREATMENT CONSIDERATIONS

Etiology Treatment consideration

Alcohol withdrawal
Illicit drugs

Medications
Isoniazid

Theophylline, tricyclic antidepressants

�-lactam and flouroquinolone
antibiotics
Flumazenil

Cyclosporin, tacrolimus

Meperidine, tramadol
Foscarnet

Electrolyte disturbance
Hyponatremia

Hypernatremia

Hypocalcemia, hypomagnesemia
Hypo- and hyperglycemia

Renal failure

Hepatic failure

Porphyria

Hypertensive encephalopathy

Eclampsia

IV, intravenous.

Phenytoin ineffective, benzodiazepines indicated
Cocaine, amphetamines, and phencyclidine commonly

cause seizures; marijuana and hallucinogens rarely, if
ever, cause seizures (the latter drugs should not be
considered likely precipitants)

Anticonvulsants ineffective; treat with IV pyridoxine or
benzodiazepines if pyridoxine not available

Seizures may be refractory to anticonvulsants without
hemodialysis

Benzodiazepines likely superior to phenytoin

Seizures likely in patients on benzodiazepines plus pro-
convulsant medicines

Seizures represent dose-related toxicity, associated
with posterior leukoencephalopathy

Naloxone may exacerbate seizures
May require calcium or magnesium

Correct hyponatremia judiciously to avoid pontine
myelinolysis

Seizures occur during treatment because of cerebral
edema

May temporize with anticonvulsants, correct imbalance
Partial seizures common; test fingerstick for hypo-

glycemia at presentation, correct imbalance
Free levels of protein-bound medicines (valproate,

phenytoin) underestimated by standard lab tests;
medicines with significant renal clearance (gabapentin,
levetiracetam, oxcarbazepine, topiramate) require
dose adjustment

Seizures often caused by other metabolic abnormality
or medicine

Avoid enzyme-inducing anticonvulants; levetiracetam
and gabapentin preferred

Short-term use of anticonvusants may help stop
seizures (thereby decreasing blood pressure)

Magnesium sulfate superior to anticonvulsants
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TREATMENT CONSIDERATIONS

Deciding Whether to Use Anticonvulsants

Treatment for patients with provoked seizures involves
treating the causative event. The temperature should be
lowered in patients with febrile seizures, glucose should be
given for hypoglycemia-induced seizures, and drug detoxi-
fication programs should be considered for patients with
seizures related to illicit drug use. Sometimes, the provoca-
tive factor requires transient treatment with an anticonvul-
sant. For example, ethanol withdrawal seizures require
treatment with benzodiazepines to prevent status epilepti-
cus and delirium tremens (Chapter 122).

The decision to treat new, unprovoked seizures is based
on the risk of recurrence weighed against the potential for
medication side effects. If a patient has had more than one
unprovoked seizure, the risk for recurrence is extremely high
and anticonvulsant medication is warranted in most cases.
Thus, in a patient presenting with a “new” seizure, a history
suggesting prior seizures (including unrecognized simple
partial seizures) should prompt anticonvulsant treatment.
When a patient has had only one unprovoked seizure, the
decision to start anticonvulsants is less clear. In the past,
non-randomized studies suggested little benefit in this set-
ting. Recently, randomized studies have shown that taking
an anticonvulsant decreases the risk for recurrence by half,
but does not change the person’s underlying predisposition
for seizures (i.e., the person has the same risk for seizures
when they taper off medicine in the future) (8). This rela-
tively modest benefit may still be worth potential side ef-
fects for some adults, especially those at high risk for recur-
rence (those with structural brain damage and/or EEG
abnormalities).

Social considerations are sometimes important as well.
Patients involved in high risk activities, such as driving or
working with machinery, may choose to do everything
possible to decrease the risk of a seizure recurrence. Most
of these social considerations are not relevant for chil-
dren. Additionally, school-aged children may be espe-
cially bothered by cognitive or behavioral medication side
effects. Thus, children are rarely treated for a single
seizure.

Occasionally, patients at risk for seizures may be
treated with anticonvulsants, even if they have not yet had
a seizure. For example, patients with acute neurological
injuries are at increased risk for seizures. There is some ev-
idence from patients with acute, closed-head injuries that
short-term prophylaxis with phenytoin reduces the risk of
acute seizures, though it does not change the long-term
risk. Especially for patients in whom seizure-associated in-
tracranial pressure or blood pressure elevations might be
devastating (e.g., patients at risk for herniation or re-
bleeding after aneurysmal rupture), short-term prophy-
laxis is often undertaken, despite the lack of evidence to
support this choice (Chapters 116 and 117).

Patients Requiring Anticonvulsants

The bewildering number of anticonvulsants speaks to the
imperfect nature of the medications. Even so, most patients
with epilepsy are able to gain control of their seizures. Stud-
ies show little-to-no difference in efficacy between medica-
tions, provided that the appropriate medication is being
used for a given seizure type (1). Thus, the decision to start
with a given medication may be based on potential side ef-
fects, pharmacokinetic considerations, and price. A de-
tailed description of the individual agents is beyond the
scope of this chapter, but Table 118.3 lists key attributes of
commonly used antiepileptic drugs.

If a patient with epilepsy has seizures caused by a drop
in anticonvulsant level, care should be taken before ad-
justing the chronic dosage of the medicine. Low levels re-
sulting from missed doses should be addressed by finding
out why the patient misses doses, not by increasing the or-
dered dose. Low levels resulting from drug interactions or
medical problems (e.g., diarrhea) require attention to the
underlying problem. In the hospital, patients may have
anticonvulsant levels fall because of the inability to take
medications orally. When this becomes an issue, consider-
ation should be given to replacing the dose with intra-
venous medicine until the patient can take an adequate
dose of the regular medicine. If a medication change is re-
quired, a general rule is to adjust the dosage using the
smallest available increment. Since phenytoin exhibits
non-linear kinetics, small adjustments in dosage may re-
sult in large changes in the serum level. Large changes in
carbamazepine, valproate, topiramate, and lamotrigine
dosages are often poorly tolerated, producing nausea or
sedation.

When a patient continues to have seizures despite treat-
ment with an appropriate anticonvulsant, the chance that
the next medication selected will render him seizure-free is
about 11%. Subsequent trials are even less likely to be suc-
cessful (9). When these patients are admitted with seizure
exacerbations and injuries, hospital-based physicians
should consider referring the patients to a tertiary care
epilepsy clinic.

Patients who fail to respond completely to the first 2–3
medications should be referred for inpatient video/EEG
monitoring. Recordings obtained during the attacks may
suggest that the patient is suffering from a seizure mimic
that will not respond to anticonvulsants. Not infrequently,
a patient is found to have a seizure type that might be bet-
ter treated with a different anticonvulsant. Many patients
with refractory seizures will have a potentially operable
seizure focus (even if not visualized by neuroimaging). Sur-
gical treatment offers a high chance for seizure control
(50%–90% chance, depending on the underlying pathol-
ogy) with only a modest risk (10). Other surgical options
when anticonvulsants fail to control epileptic seizures
include palliative procedures, such as vagus nerve stimula-
tion or corpus callosotomy. Finally, a ketogenic diet often
helps to bring seizures under control in children (adults
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have much less efficacy due to difficulty maintaining con-
sistent ketosis) (1).

DISCHARGE PLANNING

Because most epilepsy management takes place in the out-
patient setting, a smooth transition from the hospital to the
clinic is essential. For patients who have started new
anticonvulsants, had anticonvulsant doses changed, or
changed other medications that might interact with their
anticonvulsants, the timing of the follow-up visit should be
dictated by the pharmacology of the drug. Ideally, one
should wait long enough for levels to reach steady state, but
prolonged waits may put the patient at risk for either
seizures or toxicity. Because much of patient’s stay is likely
to have been marked by encephalopathy, there may have
been insufficient time to assimilate new recommendations
or instructions. Written medication schedules are useful,

particularly if the medication is being titrated. Patients may
need to be counseled and re-counseled about safety issues
(particularly driving and other high-risk activities) and the
importance of medication compliance. Whenever family or
friends can be involved in the discharge planning, the
chance of miscommunication is decreased (Chapter 5). For
disabled patients and patients who live alone, nursing vis-
its may be valuable. For patients who cannot drive,
discharge plans should include transportation to outpa-
tient visits.

KEY POINTS

■ Careful history, EEG, and imaging are usually adequate
to distinguish seizures from common seizure mimics,
such as syncope and psychogenic seizures.

■ Most seizures stop promptly and, in general, a minimal-
ist therapeutic approach is warranted.
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TABLE 118.3
ANTICONVULSANTS

Medication Efficacy Greatest concern for: Potential interactions

Phenobarbital P, GTC Sedation, rash, liver, blood Induces hepatic enzymes
dyscrasias, joint fibrosis

Phenytoin P, GTC Acute cardiovascular, rash, blood Induces hepatic enzymes
dyscrasias, liver, hyperglycemia

Carbamazepine P, GTC Arrhythmias, rash, blood Induces hepatic enzymes
dyscrasias, liver, hyperglycemia,
hyponatremia

Sodium valproate All Encephalopathy, liver, blood, Inhibits hepatic enzymes
pancreatitis, hyponatremia

Felbamate All Liver, blood dyscrasias Variably induces or inhibits
metabolism

Gabapentin P, GTC None clearly associated Renal clearance
Lamotrigine All Rash, blood dyscrasias, liver Does not alter levels of other

medicines but susceptible to
inhibition or induction of its
own metabolism

Topiramate All Nephrolithiasis, angle closure Increases phenytoin levels,
glaucoma, oligohidrosis, rash, decreases conrtraceptive
cognitive dysfunction levels

Tiagabine P, GTC Encephalopathy, non-convulsive Does not alter levels of other
status epilepticus medicines but susceptible to

inhibition or induction of its
own metabolism

Oxcarbazepine P, GTC Rash, hyponatremia Induces hepatic enzymes
Levetiracetam P, GTC Behavioral, blood Renal clearance
Zonisamide All Nephrolithiasis, rash, blood, heat Does not alter levels of other

stroke medicines but susceptible to
inhibition or induction of its
own metabolism

Ethosuximide Absence Rash, blood, lupus Inhibits hepatic enzymes

GTC, generalized, tonic-clonic seizures; P, partial seizures.
Rash includes potential for Stevens-Johnson syndrome and other severe rashes. Blood dyscrasia includes aplastic
anemia, severe leukopenia, and thrombocytopenia. Enzyme inducers typically decrease levels of susceptible medi-
cations including hormone contraceptives, while inhibitors increase levels.
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■ Status epilepticus is a medical emergency that is best ad-
dressed with a protocol directed at rapid cessation of
seizures.

■ Patients with new seizures require prompt evaluation for
the underlying cause of the seizure.

■ A sizable minority of patients with epilepsy will not
gain complete control of their seizures through anti-
convulsant management, and these patients should be
evaluated for other treatments, including surgery.
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Depression in the 

Hospitalized Patient
Richard J. Goldberg

INTRODUCTION

Depression is a common problem in the medical inpatient
setting. It is found in 10%–26% of general inpatients, more
than 25% of patients after stroke, more than 20% of pa-
tients after myocardial infarction, about 33% of patients
with HIV infection, and 25% of cancer patients (1). Be-
cause of its prevalence, its significant undertreatment, and
the existence of effective therapies, depression was an early
priority disorder for the development of clinical practice
guidelines (Chapter 13) by the Agency for Healthcare Re-
search and Quality (2). This chapter reviews the diagnosis
of depression in medical inpatients and the use of antide-
pressants in that population.

CARE OF THE HOSPITALIZED PATIENT

Problems in Defining Depression in 
Medical Inpatients

There is no laboratory test for diagnosing major depres-
sion. Rather, the diagnosis is made by identifying a con-
stellation of symptoms (Table 119.1). Unfortunately, in
medical inpatients it may be difficult to tell whether some
of the symptoms are caused by depression or by an under-
lying medical problem. For example, patients may have
trouble sleeping because of pain, poor appetite because of
nausea, fatigue because of anemia, or trouble concentrating
secondary to steroids. Because of such confounding factors,
some researchers have advocated relying more on the
psychological aspects of depression, such as anhedonia,
feelings of hopelessness, or excessive guilt.

Hospitalized patients face a number of stressors, includ-
ing uncertainty, disfigurement, alienation, and possible
death. They are cut off from their usual social supports and
separated from their social context. If a physician is con-
fronted with a medical inpatient with significant depressive
symptoms, the problem is to determine how much of the
“depression” is a result of direct medical effects, how much
is caused by psychosocial distress, and how much may ac-
tually represent a major depressive episode. Although there
is no way to reliably sort out these contributing factors, this
chapter outlines a clinical strategy that can address them in
hospitalized patients.

Strategy for Evaluating and Managing
Depression in Medical Inpatients

Step 1: Biomedical Issues

It is a mistake to dismiss a depressed patient by thinking,
“Wouldn’t I be depressed if I were that sick?” Instead, as a
first step it is important to identify and correct, to the extent
possible, every medical problem that could be contributing
to depressive symptoms. This might involve treating pain,
blood gas abnormalities, metabolic abnormalities (e.g., hy-
percalcemia or hyponatremia), or severe anemia. Psychiatric
consultants often find that presumed “depression” in the
medical setting turns out to be delirium secondary to medi-
cal disorders (Table 119.2) or medications (Table 119.3) (3).

The medical workup of depression is determined by the
presence of specific medical conditions that potentially
affect the central nervous system. For example, although
neuroimaging does not play a role in the routine evalua-
tion of depression, it may be indicated in patients with an

119
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underlying disease that frequently involves the central ner-
vous system (e.g., lung cancer, breast cancer, multiple
myeloma, or AIDS). In elderly patients with depressive
symptoms and in those for whom dementia is a possible
diagnosis, a comprehensive dementia evaluation should be
performed.

Because of the high frequency of its coexistence with de-
pression, substance abuse always should be considered.
Sedative substances, notably alcohol and benzodiazepines,
as well as stimulant withdrawal, are common causes of
depressive symptoms. Because it is difficult to diagnose de-
pression in the presence of active substance use, the latter
should be regarded as the primary diagnosis and manage-
ment priority.

Step 2: Psychosocial Assessment

Medical inpatients with depressive symptoms face signifi-
cant psychosocial issues that need to be identified and ad-
dressed. In patients who are too medically ill, questioning
about psychosocial issues may need to be deferred. How-
ever, many depressed patients feel overwhelmed, isolated,
guilty, or are grieving their loss of health. Sometimes, sim-
ply allowing patients to vent such feelings and providing
reassurance is sufficient to assuage distress and lower de-
pressive symptoms. At other times, it may be necessary to
arrange for the involvement of the family, a social worker,
a minister, a psychologist, or a psychiatrist. The more acute
the emotional distress, the more likely it is to benefit from
psychosocial support or to resolve spontaneously as the
medical condition improves. Although antidepressants

may help relieve some depressive symptoms, medication
alone should not be substituted for the personal supportive
interaction.

Step 3: Use of Antidepressants

If medical and psychosocial issues have been addressed
and the patient remains depressed, the clinician needs to

1210 Section XIV: Neurology and Psychiatry

TABLE 119.1
DIAGNOSTIC CRITERIA FOR 
MAJOR DEPRESSION

Core symptoms

Depressed mood
Anhedonia

Other symptoms

Appetite change or weight change (�5%)
Sleep disturbance
Psychomotor agitation or retardation
Fatigue
Feeling worthless or guilty
Poor concentration
Suicidal thoughts

A total of at least five symptoms, continuously over two weeks
including one of the “core” symptoms, is necessary to diagnose major
depression.
Adapted from American Psychiatric Association. Diagnostic and
Statistical Manual of Mental Disorders, 4th ed., Text Revision,
Washington, DC: 2000.

TABLE 119.2
MEDICAL CAUSES OF DEPRESSIVE SYMPTOMS

Autoimmune disorders

Systemic lupus erythematosus

Neurologic

Parkinson’s disease Epilepsy
Huntington’s disease Sleep apnea
Alzheimer’s disease Brain tumor
Multiple sclerosis Stroke

Endocrine disorders

Hyperthyroidism Hypoparathyroidism
Hypothyroidism Hypercalcemia
Hyperparathyroidism Hypercortisolism

Infections

Hepatitis HIV
Mononucleosis

Malignancies

Pancreatic Gastrointestinal

Metabolic disorders

B12 deficiency Renal failure
Hypoxia Hypocortisolism
Diabetes mellitus Hypokalemia
Hepatic failure

TABLE 119.3
EXAMPLES OF MEDICATIONS AND
SUBSTANCES CAUSING 
DEPRESSIVE SYMPTOMS

Alcohol Corticosteroids
�-Methyldopa Interferon
Amantadine Oral contraceptives
Anabolic steroids Propranolol
Anticholinergics Ranitidine
Anticonvulsants Reserpine
Barbiturates Sedatives
Benzodiazepines Stimulant (withdrawal)
Cimetidine Thiazides
Clonidine
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decide whether to use antidepressant medication. This
decision is made (after steps 1 and 2) on the basis of the
number and severity of “target symptoms”. That is, if the
patient has depressive target symptoms (e.g., impaired
sleep, depressed mood, poor appetite, or low energy) that
are severe enough to be impair function and cause distress,
then the patient should be started on an antidepressant.

A difficult challenge is to decide whether depressive
symptoms in the medically ill patient represent a “normal”
adjustment to illness or so substantially impact the indi-
vidual to warrant a trial of antidepressants. If depressive
symptoms are severe enough and have been present at least
two weeks, antidepressants may be indicated even if the
symptoms are thought to represent a “reaction” to illness.
The presence or absence of some “precipitating” factor does
not predict whether symptoms will or will not respond to
medication.

Suicide Evaluation

Because the risk of suicide is always a concern in depressed
patients, the presence or absence of suicidal ideation
should be evaluated and documented (4) (Figure 119.1).
Because patients are often too ill to communicate or too
guarded to tell the truth, the assessment is more valid if it
includes other people who know the patient well. Of
course, it is necessary to consider confidentiality issues and
obtain patient permission unless the situation is consid-
ered a medical emergency.

Effects of Depression on Medical Outcomes
and Resource Use

In hospitalized medical patients, depression has been
shown to contribute to longer lengths of stay and higher re-
hospitalization rates, and psychiatric interventions have
been shown in some studies to contribute to shorter
lengths of stay (5). Depression also can affect medical sta-
tus by leading to health-impairing behaviors, such as
smoking, drinking, or noncompliance with medical treat-
ment. Moreover, other poorly understood pathophysio-
logic factors involving brain-end organ relationships may
influence medical outcome in depressed patients. For ex-
ample, patients with depression have a significantly higher
6-month mortality rate after myocardial infarction than
those who are not depressed; the differences cannot be ex-
plained by noncompliance or suicide (6).

Screening for Depression

Because of problems in recognition, time constraints for
clinicians, or reluctance of patients to talk about symp-
toms, it can be useful to screen for depression using stan-
dardized instruments. However, the use of many of these
instruments is problematic because of the presence of pos-
sible medically based physical symptoms.

There are a number of 20- to 30-item self-rating scales
that can be used to detect depression. Commonly used
scales include the Beck Depression Inventory, the Zung De-
pression Scale, and the Geriatric Depression Scale. The
Zung and Beck scales each have problems if used in the
medically ill, because somatic items may be a result of the
medical disorder and not depression. The Brief Depression
Scale is an 11-item, self-rated scale that factors out physical
symptoms and has been shown to have reasonable sensi-
tivity and specificity for detecting major depression (7).
The single question, “Are you depressed?” also appears to
be of value in screening the medically ill (8).

Treatment

Three forms of effective treatment for major depression are
psychotherapy, antidepressant medication, and electrocon-
vulsive therapy (ECT).
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Is patient depressed? 

Yes No

Have you become so depressed that
you feel life is not worth living anymore? 

Because you feel this way, have you gone
so far as to think of trying to end your life?  

Have you gone so far as to make a plan
to do something to end your life?

No need to screen for suicide. 

Evaluate and treat depression.
Very low suicide risk. 

Evaluate and treat depression.
Low suicide risk. 

Evaluate and treat depression.
Obtain psychiatry consultation.

Moderate suicide risk. 

Place under contact observation.
Obtain immediate psychiatry consultation.

High suicide risk. 

Yes No

Yes No

Yes No

Figure 119.1 Algorithm for suicide evaluation. (From Goldberg
RJ. The assessment of suicide risk in the general hospital. Gen Hosp
Psychiatry 1987;9:1–7, with permission.)
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TABLE 119.4
ANTIDEPRESSANT SUMMARY

Gastro- Usual Starting
Activation His intestinal dose dose (mg) Half-

Anticho- (tremor, Ortho- bundle (nausea, Sexual range, in elderly life,
linergic Sedation insomnia) stasis block diarrhea) impairment mg inpatients h

Tricyclics

Amitriptyline 4 3 0 3 3 0 4 100–300 25 20–46
(Elavil)

Clomipramine 4 2 0 3 3 0 4 50–250 25 20–40
(Anafranil)

Nortriptyline 2 2 0 1 3 0 4 50–150 10–25 18–88
(Pamelor)

Imipramine 3 2 1 3 3 0 4 100–300 25–50 4–34
(Tofranil)

Desipramine 1 1–2 2 2 3 0 4 100–300 25 10–32
(Norpramine)

Doxepin 3 4 0 2 3 0 4 100–300 25–50 8–47
(Sinequan)

SSRIs

Citalopram 0 0–1 1–2 0 0 1 4 20–40 10 35
(Celexa)

Escitalopram 0 1 1 0 0 1 4 10–20 10 27–32
(Lexapro)

Fluoxetine 0 0–1 1–2 0 0 2 4 20–60 10 7 d
(Prozac)

Paroxetine
(Paxil) 1 1–2 1–2 0 0 2 4 20–50 10 15–20

Sertraline 0 0–1 1–2 0 0 2 4 50–100 25 26
(Zoloft)

Other 2nd-generation

Bupropion 1 0 3 0 0 1 0–1 75–300 25–50 8–24
(Wellbutrin) SR: 24

Mirtazapine 3 4 0 2 0 a 0–1 15–45 7.5 20–40
(Remeron)

Nefazodone 0 3 0 1 0 0 0–1 100–500 25–50 4–18
(Serzone)

Trazodone 0 3 0 2 0 0 0 100–600 50 6–14
(Desyrel)

Venlafaxine 0 1–2 1–2 0 0 0 2–3 75–300 25 9–11
(Effexor) XR: 24

a Associated with weight gain and increased appetite.
4, very strong effect; 3, strong effect; 2, moderate effect; 1, minimal effect; 0, no effect.
SSRI, selective serotonin reuptake inhibitor; SR, slow release; XR, extended release.
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Psychotherapy

Depressed patients with severe symptoms and those whose
symptoms interfere with talking therapy should be started
on medication. Patients with mild symptoms who seem
willing to talk about their problems should first be pro-
vided with counseling or psychotherapy. Between these
extremes, psychotherapy and medication can be used con-
jointly. As a generalization, psychotherapy addresses prob-
lems and medication addresses symptoms. Psychotherapy
may be the primary treatment for patients who refuse,
discontinue, or cannot tolerate medications, and for situa-
tions in which medication may be dangerous, such as
pregnancy, acute myocardial infarction, or unstable neuro-
logic status. If psychotherapy is utilized in appropriate pa-
tients, its efficacy can match that of antidepressants, al-
though there are no studies specifically addressing
outcomes in medically ill depressed patients.

Antidepressant Medications

Selection
There is no clear efficacy advantage to any of the currently
available antidepressants; therefore, the choice of medica-
tion generally is made on the basis of side effect and toler-
ability profiles (Table 119.4) and potential drug interac-
tions (Tables 119.5 and 119.6). Past patient response and
response of first-degree relatives may be predictors of drug
response. Medically ill patients with concurrent depres-
sion are less likely to respond to antidepressants than pa-
tients without medical illness, who generally have a re-
sponse rate of about 70%. Furthermore, guidelines for
treatment of medically ill patients are based more on em-
pirical practice than research data. A relatively small pro-
portion of depressed older medical inpatients receives
treatment with antidepressants, and those who do are usu-
ally on inadequate doses of tricyclic antidepressants

(TCAs) (9). More studies need to be performed using 
second-generation medications (selective serotonin reup-
take inhibitors [SSRIs], venlafaxine, mirtazapine, and
bupropion) instead of TCAs, which are less well tolerated
in the medically ill.

Pharmacoeconomic analyses of the generic TCAs versus
the second-generation antidepressants have not shown any
significant cost advantage for the TCAs, because TCAs are as-
sociated with more costly treatment-related complications,
such as fractures from falls associated with orthostatic hy-
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TABLE 119.5
TRICYCLIC DRUG INTERACTIONS

Anticholinergic effects
augmented

Artane
Cogentin
Benadryl
Ditropan
Probanthine
Demerol

Antihypertensive
effects decreased

Clonidine
Guanethidine
Reserpine

TABLE 119.6
P-450-RELATED SUMMARY TABLE OF
ANTIDEPRESSANT INTERACTIONS

P-450 May increase
family Inhibitors half-life and effect of:

2D6 Paroxetine � Type IC antiarrhythmics
fluoxetine � Bupropion
sertraline � Paroxetine
citalopram Fluoxetine

Tricyclics
Venlafaxine
Neuroleptics
Codeine
Oxycodone
Pentazocine
Dextromethorphan
Metoprolol
Phentermine
Risperidone
Donepezil

3A4 Nefazodone � Astemizole
fluoxetine Terfenadine

Tricyclics
Fluoxetine
Alprazolam
Diazepam
Midazolam
Triazolam
Calcium channel blockers
Carbamazepine
Cisapride
Cortisol
Dexamethasone
Lidocaine
Lovastatin
Quinidine
Tamoxifen
Testosterone

2C9 Fluoxetine Tricyclics
Diazepam
Phenytoin
Propranolol
Tolbutamide

Adapted from Goldberg RJ. The P-450 system and relevance to the
use of antidepressants in medical practice. Arch Fam Med 1996;
5:406–412, with permission.

Blood pressure increased
Sympathomimetics

Cardiac conduction prolonged
Carbamazepine
Phenothiazines

Hypotension potentiated
�-Adrenergic blocking agents
Prazosin

Quinidine-like effects
augmented

Quinidine
Type 1A antiarrhythmics
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potension, urinary retention, and cardiac complications
(10). Overdose danger is another consideration, because
TCA overdoses may be lethal (and usually require expensive
ICU stays), but overdoses with second-generation antide-
pressants are not. Therefore, unless there is some specific
reason to start a TCA, SSRIs or other second-generation medi-
cations should be used as first-line treatment. The use of
monoamine oxidase inhibitors (MAOIs) or stimulants in
medical patients should not be initiated except by psychi-
atric consultants.

Dosage
It is prudent to start medically ill patients, especially those
with renal or hepatic impairment and the frail elderly, on
low dosages (Table 119.4). Patients started too quickly on
higher doses have higher rates of side effects. In general, if
the patient tolerates the starting dose, the dose can be
raised into the low oral dose range over the first few weeks.
The response rate can often be improved by combinations
or augmentation strategies, though these maneuvers are
best applied by a psychiatrist. Before starting any combi-
nation, an adequate trial of single drugs should be con-
firmed. Plasma therapeutic levels are not established for
the second generation antidepressants. All antidepressants
are metabolized by the liver and are not dialyzable.

If the patient cannot tolerate the medication because of
side effects, consider lowering the dose. If the lower dose
would be considered ineffective, then switch to another
medication that might be better tolerated. When switching,
consider that drugs with long lives (e.g., fluoxetine) may be
present for about 3 weeks; therefore, maintain vigilance for
drug interactions during that period.

Course of Treatment
Antidepressants take at least seven days to exert a true neu-
ropharmacologic effect on depression. Patients who re-
spond earlier are showing either a placebo response or the
benefit of a side effect (e.g., a sedating antidepressant may
help with sleep after only one or two doses). A good trial of
an antidepressant generally means using the medication at
a therapeutic level for at least 4–6 weeks. In a medically ill
patient in whom a low starting dose is required, the time to
onset of response may be as long as 8–12 weeks. Patients
who respond should remain on medication for at least 6
months, because there is a high rate of relapse associated
with earlier discontinuation. Patients in their third or
fourth episodes of major depression may require mainte-
nance therapy to avoid relapse.

Antidepressant Pharmacokinetics and Withdrawal
If switching or stopping antidepressants, those with long
half-lives (e.g., fluoxetine) can be stopped immediately.
Those with half-lives of 1 day or less (Table 119.4) may
cause withdrawal symptoms when suddenly discontinued.
These medications (e.g., paroxetine) should be tapered by

halving the dose for 3–4 days. Hospital physicians should
be aware of the possibility of withdrawal symptoms if a pa-
tient on antidepressants is admitted NPO. Withdrawal
symptoms, which are uncomfortable but not life threaten-
ing, include dizziness, vertigo, paresthesias, flu-like symp-
toms, gastrointestinal activation, insomnia, nausea, and
sweating. They are generally time-limited and can be re-
lieved by restarting the antidepressant, but not by
benzodiazepines (11).

Side-Effect Issues in Medical Inpatients
This section highlights a number of the medically relevant
side effects of the more commonly used antidepressants
(Table 119.4). It is not intended as a comprehensive list.

Anticholinergic Effects. TCAs with high anticholinergic
activity can cause dry mouth. This may be merely a nui-
sance or may predispose patients receiving radiation or
chemotherapy to stomatitis. They may precipitate narrow-
angle glaucoma. Prostatic enlargement or spinal-cord
problems may predispose to urinary retention. Combin-
ing anticholinergic effects with opiates in the setting of
abdominal gastrointestinal surgery can lead to paralytic
ileus. Anticholinergic effects can cause confusion, memory
problems, or even delirium, and are augmented by other
anticholinergic drugs. In general, try to avoid anticholin-
ergic medications in the elderly and the medically ill.

Sedation. If a patient is agitated, restless, or anxious, it
might be helpful to use a sedating medication. Patients
who lack energy, are withdrawn, or are hypersomnic may
benefit from being started on a more activating medication.
Patients who become excessively activated on antidepres-
sants should receive psychiatric consultation and discon-
tinue the medication.

Orthostatic Hypotension. This is a result of peripheral
�-adrenergic blockade as well as a central brainstem
mechanism. Medical inpatients are at higher risk for or-
thostasis because of depleted intravascular volumes, pro-
longed bed rest, old age, autonomic disorders, and con-
current treatment with other medications that lower
blood pressure. Orthostasis can lead to falls and injuries
such as hip fracture.

Gastrointestinal Side Effects. Nausea and gastrointesti-
nal activation are the most common side effects for the sec-
ond-generation antidepressants (SSRIs). Up to 35% of
patients experience nausea, and another 10%–15% have
diarrhea. Nausea generally resolves after one week on a
lower dosage. The TCAs decrease gastroesophageal sphinc-
ter tone, leading to symptoms of reflux. Weight loss some-
times can accompany the use of second-generation
antidepressants during the first few months of treatment.
However, if loss of appetite is secondary to depression,
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antidepressants often help with appetite recovery and may
lead to weight gain.

Cardiac Issues. There are significant potential cardiac
problems associated with the use of TCAs because of their
quinidine-like effects and their prolongation of cardiac
conduction through the intraventricular portion of the His-
bundle. This effect often requires lengthy cardiac monitor-
ing after TCA overdose. Patients over age 40 or with cardiac
histories require an electrocardiogram before starting on a
TCA. TCAs should be avoided in patients with pre-existing
conduction problems. Electrocardiographic and clinical
studies of patients without cardiovascular disease have not
demonstrated any significant arrhythmias associated with
the use of SSRIs. Nevertheless, some caution may be in or-
der in the acute post-MI period, and in those patients with
severe organic heart disease and/or a history of brady-
arrhythmias.

Serotonin Syndrome. The increase in peripheral sero-
tonin caused by SSRI interference with platelet uptake may
overcome the body’s ability to metabolize peripheral sero-
tonin, leading to the serotonin syndrome (10). Symptoms
include confusion, agitation, myoclonus, hyperreflexia, di-
aphoresis, shivering, tremor, diarrhea, incoordination,
fever, hypertension, nausea or vomiting, insomnia, drowsi-
ness, and dizziness. Patients rarely develop serotonin syn-
drome from an SSRI alone, and most cases involve drug
combinations with MAOIs or with other potent serotonin
augmenters, including dextromethorphan. Symptoms of
the serotonin syndrome generally abate within 24 hours af-
ter discontinuation of the causative agent. Symptoms of
this syndrome have been reported to respond to treatment
with cyproheptadine (a serotonin antagonist), �-blockers,
or clonazepam.

Other Side Effects. A number of additional side effects
may be seen in patients receiving antidepressant medica-
tions. Sexual side effects (anorgasmia, impaired erection or
ejaculation) occur in more than 20% of patients on TCAs or
SSRIs, though the incidence is about 5% on bupropion, ne-
fazodone, or mirtazapine. The syndrome of inappropriate an-
tidiuretic hormone has been seen with the use of SSRIs and
TCAs. It is important to monitor serum sodium levels in el-
derly patients on SSRIs who develop any behavioral symp-
toms possibly consistent with hyponatremia (Chapter 104).
Onset of symptoms may occur as early as 2 days after start-
ing an SSRI or may emerge after many months. There also
have been case reports describing extrapyramidal side effects
and akathisia associated with SSRIs, mediated through en-
hanced inhibition of the dopamine system. Finally, bleeding
complications have been reported as a rare consequence of
SSRI therapy. Fluoxetine-warfarin interactions have been re-
ported. Laboratory findings associated with SSRI-induced
bleeding include prolonged bleeding time and decreased
platelet aggregation in response to ADP and epinephrine.

Specific Antidepressants

Monoamine Oxidase Inhibitors. Medically important
side effects of MAOIs include orthostatic hypotension,
weight gain, insomnia, sexual dysfunction, and pyridoxine
deficiency producing paresthesias. Hypertensive crisis is a
rare (incidence �0.5% with mortality rate �0.001%) but
potentially life-threatening reaction that usually is associ-
ated with mixing an MAOI with a pressor medication or
food with high tyramine content. Indirectly acting
sympathomimetics (such as cocaine, amphetamines,
methylphenidate, pseudoephedrine, ephedrine, phenyl-
propanolamine, many over-the-counter cold remedies, and
Sinemet) are contraindicated. Chapter 48 discusses the
management of hypertensive crisis.

Stimulants. Psychiatric consultants sometimes prescribe
stimulants to treat geriatric medically ill patients with
depressive symptoms involving withdrawn behavior, lack
of motivation and energy, and depressed mood (12).
Methylphenidate or dextroamphetamine usually are started
at 5 mg orally in the morning. Side effects may include over-
stimulation, anxiety, confusion, paranoia, tachycardia, and
appetite disturbance.

Selective Serotonin Reuptake Inhibitors. Most medically
ill patients receiving fluoxetine (Prozac) should be started on
only 10 mg/d. Because of the long half-life, side effects may
appear several weeks into treatment. Common side effects
include gastrointestinal symptoms, tremulousness, activa-
tion, and insomnia, especially in older patients. Because of
insomnia, some patients need trazodone at bedtime. The
long half-life of fluoxetine can be a disadvantage in the med-
ically ill, because the drug can take several weeks to disap-
pear if a drug interaction or problematic side effect occurs.

The starting dosage of sertraline (Zoloft) in the elderly or
medically ill should be 25 mg/d. There seems to be a lower
tendency to activation than with fluoxetine. The major
side-effect issue is generally nausea or vomiting, which
should be addressed by immediate dosage reduction. Tol-
erance to these gastrointestinal effects usually occurs after 
1 week.

A reasonable starting dose for paroxetine (Paxil), citalo-
pram (Celexa), or escitalopram (Lexapro) for older or medi-
cally ill patients is 10 mg/d. Paroxetine has no active
metabolites, a half-life of about 24 hours, and is often asso-
ciated with a withdrawal syndrome if discontinued abruptly
in younger patients. Paroxetine is the only SSRI with anti-
cholinergic activity, which may contribute to side effects in
the elderly and medically ill. Among the SSRIs, escitalopram
is the least likely to cause P-450 drug interactions.

Bupropion (Wellbutrin) has a side-effect profile similar to
that of stimulants (anorexia, insomnia, agitation, tremor)
and is a reasonable choice for patients who need some ac-
tivation. It has a greater tendency than other antidepres-
sants to produce seizures (incidence of about 4/1,000) in
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higher doses (�300 mg/d). Bupropion is also approved for
use in smoking cessation.

Trazodone (Desyrel) is a weak antidepressant in dosages
that medical patients can tolerate without becoming too se-
dated or orthostatic. It does have good hypnotic properties
in doses of 50–100 mg at bedtime. Trazodone also can be
used as an alternative to neuroleptics to reduce agitation in
dementia patients. Trazodone rarely has been reported to
be associated with heart block and ventricular arrhythmia
and should be used with caution in patients with cardiac
disease.

Venlafaxine (Effexor) in doses over 150 mg/d inhibits
both norepinephrine and serotonin reuptake and is there-
fore classified as a serotonin and norepinephrine reuptake
inhibitor. Its side-effect profile resembles that of the SSRIs.
At doses greater than 225 mg/d, about 10% of patients ex-
perience increases in supine diastolic blood pressure within
the first 2 months. Blood pressure increases are generally
not an issue with oral doses under 200 mg/d. Some studies
have shown better efficacy with venlafaxine than SSRIs for
hospitalized patients with severe major depression (13).

Nefazodone (Serzone) acts as a 5-HT2 antagonist and a
serotonin uptake inhibitor. Although the SSRIs may cause
insomnia, nefazodone causes a decrease in light-stage sleep
and decreased frequency of awakenings. Because of cases of
hepatic failure in patients on nefazodone, this drug should
not be started in patients with active liver disease or ele-
vated serum aminotransferases. Visual trails are an unusual
side effect (seen in about 2% of patients) and may be re-
ported as “double vision” or even hallucinations.

Mirtazapine (Remeron) is a nonadrenergic and specific
serotonergic antidepressant. It has a low incidence of sexual
dysfunction and GI side effects. In keeping with its antihis-
tamine effects, its most frequent adverse effects are sedation
and weight gain.

P-450 Drug Interactions
P-450 system activity is inhibited by SSRIs and nefazodone
(14). Because the clearance of many drugs involves multi-
ple enzyme pathways, a potential drug interaction listed in
Table 119.6 does not necessarily mean that the combina-
tion always results in a significant interaction. Neverthe-
less, caution needs to guide co-prescribing if interactions
are possible. Enzyme inhibition may begin immediately
(or more often within the first week), increase over time
until a drug reaches a steady state, and persist for as long as
the drug is circulating (i.e., for weeks after terminating
long-acting drugs such as fluoxetine).

Electroconvulsive Therapy

A full review of ECT is beyond the scope of this chapter. It
should be noted, however, that ECT often is neglected as a
treatment option by nonpsychiatrists because of the lack of
knowledge of its modern applications and technology

(15). ECT is generally not a first-line treatment but should
be considered if a patient has failed or cannot tolerate med-
ication or if there is a need for an immediate response
because of suicidal behaviors, malnutrition, severe psy-
chosis with agitation, or prolonged catatonia. ECT also may
be effective in refractory epilepsy, neuroleptic malignant
syndrome, and Parkinson’s disease.

There are no absolute and few relative contraindica-
tions for ECT, and significant complications occur in less
than 1 in 200 patients. There is a substantial increased risk
associated with a rise in intracranial pressure, recent
myocardial infarction, recent intracerebral hemorrhage,
unstable vascular malformation, retinal detachment,
pheochromocytoma, anesthetic risk rated at American So-
ciety of Anesthesiologists physical status 4 or 5, or ven-
tricular arrhythmias. ECT may be used in all trimesters of
pregnancy, in consultation with the patient’s obstetrician.
Medical conditions that require special techniques to
avoid complications include chronic obstructive pul-
monary disease, asthma, severe hypertension, cardiac ar-
rhythmia, history of stroke, advanced coronary artery
disease, significant osteoporosis, or major bone fractures.
Nevertheless, careful medical management makes ECT a
reasonably safe option for geriatric depressed patients
even with concurrent cardiovascular disease.

Pre-ECT medical assessment should include a physical
and neurologic examination to rule out any risk factors.
Routine laboratory studies should include complete blood
count, electrolytes, renal function, and electrocardiogram.
The need for neuroimaging, EEG, or chest radiograph
depends on the clinical condition.

KEY POINTS

■ Depression is a common problem in the medical inpa-
tient setting and is found in a significant proportion of
general inpatients.

■ The first step in the evaluation of depression is to iden-
tify and correct, to the extent possible, every medical
problem that could be contributing to producing de-
pressive symptoms.

■ The second step in the evaluation of depression is to
address significant psychosocial issues.

■ The decision to use antidepressants is made (after the
first 2 steps) on the basis of the number and severity of
“target symptoms.”

■ The presence or absence of suicidal ideation should be
assessed and documented.

■ The choice of medication generally is made on the basis
of side-effect and tolerability profiles (Table 119.4) and
potential drug interactions (Tables 119.5 and 119.6).

■ It is prudent to start medically ill patients on low
dosages. This is especially true for the frail elderly and
those with renal or hepatic impairment.

1216 Section XIV: Neurology and Psychiatry

26410 ch 119  3/25/05  10:00 AM  Page 1216



REFERENCES

1. Rouchell AM, Pounds R, Tierney JG. Depression. In Wise MG,
Rundell JR, eds. Textbook of Consultation-Liaison Psychiatry, 2nd ed.
Washington, DC: American Psychiatric Publishing, Inc., 2002.

2. Depression Guidelines Panel. Depression in primary care, vol. 2:
treatment of major depression. Clinical Practice Guideline Num-
ber 5. AHCPR Publication, 1993;93–0551:23–33.

3. Abramowicz M, ed. Drugs that may cause psychiatric symptoms.
The Medical Letter 2002;44:(Issue 1134).

4. Goldberg RJ. The assessment of suicide risk in the general hospi-
tal. Gen Hosp Psychiatry 1987;9:1–7.

5. Furlanetto LM, daSilva RV, Bueno JR. The impact of psychiatric
comorbidity on length of stay of medical inpatients. Gen Hosp Psy-
chiatry 2003;25:14–19.

6. Penninx BWJH, Beekman ATF, Honig A, et al. Depression and car-
diac mortality. Arch Gen Psychiatry 2001;58:221–227.

7. Koenig HG, Blumenthal J, Moore K. New version of Brief Depres-
sion Scale. J Am Geriatr Soc 1995;43:12:1447.

8. Chochinov HM, Wilson KG, Enns M, et al. “Are you depressed?”
screening for depression in the terminally ill. Am J Psychiatry
1997;154:674–676.

9. Koenig HG, George LK, Meador KG. Use of antidepressants by
nonpsychiatrists in the treatment of medically ill hospitalized de-
pressed elderly patients. Am J Psychiatry 1997;154:1369–1375.

10. Skaer TL, Sclar DA, Robison LM, et al. Economic valuation of
amitriptyline, desipramine, nortriptyline and sertraline in the

management of patients with depression. Curr Ther Res 1995;36:
556–567.

11. Zajecka J, Tracy KA. Discontinuation symptoms after treatment
with serotonin reuptake inhibitors: a literature review. J Clin Psy-
chiatry 1997;7:291–296.

12. Holmes VF. Medical use of psychostimulants: an overview. Int J
Psychiatry Med 1995;25:1–19.

13. Clerc GE, Ruimy P, Verdeau-Pailles J. A double-blind comparison
of venlafaxine and fluoxetine in patients hospitalized for major
depression and melancholia. Int Clin Psychopharmacol
1994;9:139–143.

14. Goldberg RJ. The P-450 system definition and relevance to the use
of antidepressants in medical practice. Arch Fam Med 1996;5:
406–412.

15. Weiner RD, Krystal AD. The present use of electroconvulsive ther-
apy. Annu Rev Med 1994;45:273–281.

ADDITIONAL READING

American Psychiatric Association. Diagnostic and Statistical Manual of
Mental Disorders, 4th ed. Text Revision. Washington, DC: 2000.

Clarkin JF, Pilkonis PA, Magrude KM. Psychotherapy of depression:
implications for report of the health care system. Arch Gen Psychia-
try 1996;53:717–723.

Goldberg RJ. SSRIs: infrequent medical adverse effects. Arch Fam Med
1998;7:78–84.

Chapter 119: Depression in the Hospitalized Patient 1217

26410 ch 119  3/11/05  5:24 PM  Page 1217



26410 ch 119  3/11/05  5:24 PM  Page 1218



Toxicology and Allergy XV

26410 ch 120  3/11/05  5:24 PM  Page 1219



26410 ch 120  3/11/05  5:24 PM  Page 1220



Allergic Reactions and 

Anaphylaxis
Neil Winawer Mark V. Williams

INTRODUCTION

A patient with initial complaints of pruritus and mild
dyspnea can rapidly develop airway obstruction, respira-
tory failure, and circulatory collapse. This dramatic and life-
threatening presentation of anaphylaxis challenges the
physician to act quickly and thoughtfully to avert death.
Anaphylaxis represents the extreme example of a constella-
tion of adverse reactions to medications, food, insect
venoms, and other substances. Patients, and most physi-
cians, typically describe such acute adverse reactions as
“allergic reactions.” However, allergic reactions are defined
strictly by the immune system’s production of specific
IgE antibody in response to an offending antigen. Re-
exposure to the particular agent causes cross-linking of
antibodies that in turn results in the release of histamine,
prostaglandins, leukotrienes, tryptase, and other inflam-
matory mediators from mast cells. In addition to this
specific IgE mast cell response, allergic reactions also are
mediated by a subset of CD4 (�) T-cells, called T-helper
type 2 cells, which preferentially produce interleukin 4 and
5. Mast cell and basophil-bound IgE contribute to the early
(or immediate) phase of allergic response; interleukin 5 re-
cruits and activates eosinophils, contributing to the late (or
chronic) phase of allergic inflammation. The interaction
between these substances and end-organ receptors deter-
mines a patient’s clinical presentation.

Clinicians should distinguish allergic from nonallergic
reactions because this distinction may affect diagnosis
and treatment. For example, substances such as radiocon-
trast dyes, aspirin products, and angiotensin-converting
enzyme (ACE) inhibitors produce nonallergic reactions
(i.e., not induced by a specific IgE antibody). In these
reactions, the pathogenesis may be related to direct mast

cell activation, prostaglandin inhibition, bradykinin
elevation, complement activation, or other unknown
mechanisms.

Anaphylaxis is defined as a potentially fatal allergic
reaction characterized by cross-linking of IgE antibodies
leading to systemic mast cell activation. Patients with ana-
phylactoid reactions present with symptoms clinically indis-
tinguishable from anaphylaxis; however, the reaction is
mediated by mechanisms other than IgE antibody interac-
tion with the offending agent.

Although 15%–30% of inpatients experience adverse re-
actions to drugs, only 6%–10% of these are caused by aller-
gic and other immunologic mechanisms (1, 2). Allergic
drug reactions are common, but they are fatal in only 1 of
10,000 cases (3). Two epidemiologic studies documented
that anaphylaxis plays a role in 1 out of every 2,700 to 5,100
hospital admissions (4, 5). Life-threatening adverse derma-
tologic reactions, such as toxic epidermal necrolysis (TEN),
are even less common, occurring in only about 1 in 1 mil-
lion people.

ANAPHYLAXIS OR SEVERE ALLERGIC
REACTION PRESENTING AT THE TIME
OF ADMISSION

Issues at the Time of Presentation

Clinical Presentation

Patients requiring hospitalization for adverse reactions
may be suffering from a variety of entities ranging from
anaphylaxis or angioedema to vesiculobullous reactions
that denude the skin.

120
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Signs and symptoms of anaphylaxis or anaphylactoid
reactions usually begin within 5 minutes of exposure to the
offending agent and include flushing, pruritus, urticaria,
angioedema, shortness of breath, wheezing, chest tight-
ness, nausea, vomiting, diarrhea, and lightheadedness. Pa-
tients also may develop life-threatening angioedema of the
airway. Early in anaphylaxis, patients may have noticeable
hoarseness or stridor. Further swelling of the larynx,
tongue, epiglottis, or oropharynx may cause complete ob-
struction, leading to asphyxiation. Anaphylaxis also may
affect the lower airways, causing bronchospasm, wheezing,
and pulmonary edema. Further progression results in
severe hypoxemia, which can precipitate altered mental
status and seizure activity.

Anaphylactic reactions also may be associated with
peripheral vasodilatation, reflex tachycardia, and subse-
quent cardiovascular collapse. The resultant hypotension
can induce myocardial ischemia and ventricular arrhyth-
mias. Involvement of the gastrointestinal tract with
swelling of the bowel wall may present as nausea, vomit-
ing, abdominal cramping, or diarrhea.

Adverse reactions with primarily dermatologic manifes-
tations that require hospitalization include Stevens-Johnson
syndrome (SJS) and TEN. These bullous and necrolytic
reactions to drugs or infections can be life-threatening.
SJS, the most severe form of erythema multiforme, in-
volves blistering lesions, with epidermal loss occurring
over less than 10% of the patient’s body surface area.
Patients often develop painful erosions of the oral mucosa
and lip (90%), as well as conjunctivitis (85%). TEN is char-
acterized by fever and epidermal loss of 30% or more of
body surface area. Mucosal erosions are also a prominent
feature of TEN, often making it difficult to clinically distin-
guish from SJS.

Differential Diagnosis and Initial Evaluation

The diagnosis of anaphylaxis usually is self-evident when
exposure to a specific agent results in the classic constella-
tion of symptoms. However, other diseases may have sim-
ilar presentations. Initial evaluation follows the Advanced
Cardiac Life Support protocol. The patient’s airway should
be assessed immediately, followed quickly by a thorough
assessment of the patient’s ability to ventilate. The patient
should have frequent blood pressure checks and be con-
nected to a hemodynamic monitor. After this rapid assess-
ment, other organ systems can be surveyed, with particular
emphasis on the skin and gastrointestinal tract. Little initial
diagnostic testing is needed, because the diagnosis of
anaphylactic shock relies mainly on the patient’s clinical
presentation and history. A serum tryptase level may be
helpful in determining whether the reaction was mast cell
mediated. A significantly elevated level would imply
systemic mast cell degranulation but does not provide
information on whether the reaction was immune medi-
ated (i.e., anaphylaxis versus anaphylactoid reaction).

Once the patient is stabilized, a thorough history should
be performed in the hope of revealing an underlying cause
of the reaction, although 30%–40% of the time a definitive
cause is not found. Nonetheless, patients should be
queried about exposure to several well-known and com-
mon precipitants of anaphylaxis (Table 120.1) because
such identification may help avoid a future life-threatening
exposure. Many medications, especially penicillins and the
cephalosporins, can be responsible for IgE-mediated ana-
phylaxis. However, anaphylactoid drug reactions are more
common than IgE-mediated ones. For example, aspirin can
induce severe bronchospasm by inhibiting prostaglandin
synthesis and may allow the unregulated production of
leukotrienes via the lipoxygenase pathway. ACE inhibitors
also produce potentially fatal drug reactions by causing
laryngeal, oropharyngeal, tongue, and lip edema. This
reaction occurs in up to 1% of all patients taking the med-
ication for 10 years and may be three times as common
among African-Americans (6). The underlying mechanism

1222 Section XV: Toxicology and Allergy

TABLE 120.1
DIFFERENTIAL DIAGNOSIS OF ANAPHYLACTIC/
ANAPHYLACTOID REACTIONS

Allergic (lgE-mediated)

Drugs (penicillin, cephalosporins)
Foods (shellfish, peanuts)
Contacts (latex, animal dander)
Insect stings (Hymenoptera spp. bees, hornets, yellow jackets,

wasps)
Infections (parasitic, fungal, viral, bacterial)
Aeroallergens (pollen, dust mites)
Transfusion reactions (in patients with an IgA deficiency)

Direct Mast Cell Activation

Radiocontrast dyes
Drugs (opiates, polymixin)

Physical Stimuli

Exercise
Food-induced
Cold
Heat
Solar
Pressure

Aspirin/Nonsteroidal Anti-inflammatory Drugs

Angiotensin-converting enzyme inhibitors

Medical Conditions

Hereditary/acquired angioedema
Mastocytosis
Carcinoid syndrome

Pseudoallergic Reactions

Vasovagal reactions
Hypoglycemia
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of this reaction partly relates to the drug’s inhibition of
bradykinin degradation.

Other disease entities can present with signs and symp-
toms suggestive of anaphylaxis. Hereditary angioedema is
an autosomal dominant disorder characterized by low or
nonfunctioning C1 esterase inhibitor. These patients often
present with episodes of angioedema involving the extrem-
ities, genitalia, abdomen, lips, face, and larynx, and they
relate histories of prior bouts of angioedema and positive
family histories. Though rare, it is crucial for the clinician
to recognize this entity, because its treatment is drastically
different from that of anaphylactic reactions. In hereditary
angioedema, the complement cascade produces kinin pro-
teins that have significant vasoactive effects; mast cells are
not activated. Thus, treatment with epinephrine, steroids,
and antihistamines has little or no effect. Acute episodes
are managed with supportive care and the administration
of heat-vaporized C1 esterase inhibitor concentrate (7). At-
tenuated androgens such as danazol and stanozolol are ef-
fective for prophylaxis.

Patients with mastocytosis often have reactions that
mimic anaphylaxis. This rare disease is characterized by an
overabundance of mast cells in the bone marrow, liver,
spleen, lymph nodes, gastrointestinal tract, and skin. Some
patients may have the characteristic lesions of urticaria pig-
mentosa. If suspected, a 24-hour urine histamine level,
coupled with a skin or bone-marrow biopsy, establishes the
diagnosis. As with many mast cell–mediated processes,
treatment is aimed at blocking the histamine response.

Patients with vesiculobullous reactions such as TEN and
SJS require hospital admission and immediate evaluation.
SJS usually is associated with medications or infection (her-
pes simplex, Mycoplasma pneumoniae, Streptococcus spp.),
whereas the causative factors for TEN are most often drugs
or graft-versus-host disease. Both TEN and SJS may be mis-
diagnosed as other processes that involve exfoliation,
desquamation, or blistering. Exfoliative dermatitis presents
with erythroderma and scaling. If the reaction is extensive,
large amounts of scale may detach from the skin, giving the
clinical appearance of full-thickness epidermal loss. Other
acute drug-induced eruptions, such as exanthematous pus-
tulosis, also can cause extensive superficial exfoliation. Pri-
mary bullous diseases (e.g., pemphigus vulgaris) also may
be confused with TEN or SJS, because they can produce
similar mucocutaneous findings. Other entities such as
phototoxic reactions, thermal burns, and pressure blisters
can clinically and sometimes histologically resemble SJS or
TEN (8). Skin biopsy and immunofluorescence studies of-
ten help differentiate these vesiculobullous skin disorders.

Indications for Hospitalization 
and ICU Admission

The triage of patients with anaphylaxis varies depending
on the severity of the reaction and the initial response
to treatment (Figure 120.1). Patients who present with

anaphylaxis but respond to therapy should be observed for
24 hours. Anaphylaxis unresponsive to initial emergency-
department therapy requires ICU admission. Often these
patients develop laryngeal edema that necessitates intuba-
tion for airway control. Severe bronchoconstriction may
lead to hypoxemia, hypercapnia, and respiratory acidosis
requiring mechanical ventilation (Chapter 56). Cardiovas-
cular collapse may result in severe hypotension requiring
vasopressor support (Chapter 25). Patients with severe der-
matologic reactions may require admission to specialized
burn units for optimal treatment.

Initial Therapy

Initial assessment should focus on securing the patient’s
airway and monitoring his or her cardiopulmonary status.
If there is evidence of significant airway edema or stridor,
the patient should be intubated immediately. Patients with
severe upper-airway obstruction, bronchospasm, or hy-
potension should receive intravenous doses of aqueous
epinephrine 1:1000, 0.1–0.3 mL in 10 mL normal saline
(1:100,000 to 1:33,000 dilution) over several minutes. This
may be repeated as necessary. Patients still recalcitrant to
therapy can be placed on a continuous epinephrine infu-
sion (1.0–10 mcg/min) and titrated to response. In less se-
vere cases, aqueous epinephrine 1:1000 dilution, 0.3–0.5
ml (0.01 mg/kg in children; max dose 0.3 mg) can be given
intramuscularly. Administration in the anterolateral thigh
produces higher and more rapid peak plasma levels com-
pared to subcutaneous injections or intramuscular injec-
tions in the arm (9).

An intravenous line should be placed and fluid resus-
citation begun if the patient is hypotensive. An antihis-
tamine such as diphenhydramine 50 mg intravenous can
be administered and repeated in 4–6 hours. Treatment
with H2-receptor antagonists may provide additional ben-
efit. Systemic glucocorticoids (e.g., methylprednisolone
1–2 mg/kg per 24 h), while not acutely affecting symp-
toms, may help abort prolonged reactions and minimize
relapses. Supplemental oxygen should be administered
and bronchospasm treated with aerosolized �-agonists
(albuterol 2.5 mg in 2.5 mL normal saline via nebuliza-
tion every 20 minutes for three doses, then every 2–4
hours). Patients taking �-blockers may be refractory to
treatment. If this is suspected, glucagon can be adminis-
tered at a dose of 1 mg in 1 L of D5W at a rate of 5–15
mL/min. If the patient still remains hypotensive, intra-
venous vasopressors such as norepinephrine should be
started (Chapter 25).

Treatment for SJS or TEN focuses on meticulous skin
care, fluid and electrolyte repletion, nutritional support,
pain control, and evaluation for superimposed infection.
Adhesive tapes should be avoided. The patient’s list of med-
ications must be thoroughly reviewed (see Table 120.2),
and all non-essential medicines discontinued. Prompt with-
drawal of the offending drug has been shown to decrease
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mortality in SJS or TEN by approximately 30% per day (10).
The use of corticosteroids is controversial and more likely to
be of benefit early in the disease process. While not of un-
equivocal proven benefit, the administration of high-dose
intravenous immunoglobulin to patients with TEN has
been effective in multiple studies (11).

Indications for Early Consultation

Most patients who experience anaphylactic reactions
should be evaluated by an allergist prior to discharge.
Aside from eliciting potential triggers, consultation with
an allergist may help to exclude other processes with sim-
ilar presentations (Table 120.1). If the causative agent is
documented, an allergist can help advise the patient
and the primary physician about possible cross-reacting
antigens, in the hope of avoiding future events. A typical
example would be patients who are allergic to sulfon-
amide antibiotics but have cross-reactivity with other

sulfa-containing drugs such as furosemide or dapsone.
Skin testing is of no utility in the hospitalized setting, as
mast cells will be refractory to an antigen challenge for
several weeks.

1224 Section XV: Toxicology and Allergy

TABLE 120.2
DRUGS MOST COMMONLY ASSOCIATED WITH
STEVENS-JOHNSON SYNDROME OR TOXIC
EPIDERMAL NECROLYSIS

Sulfonamides
Penicillins
Cephalosporins
Barbiturates
Phenytoin
Carbamazepine
Nonsteroidal anti-inflammatory drugs
Phenylbutazone

Allopurinol
Fluoroquinolones
Vancomycin
Thiabendazole
Rifampin
Ethambutol
Chlormezanone

Figure 120.1 Evaluation and disposition of patients with adverse allergic-type reactions. ICU, intensive care unit; SJS, Stevens-Johnson
syndrome; TEN, toxic epidermal necrolysis.

 Laryngeal edema present? (hoarseness, stridor)
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Patients with severe dermatologic reactions such as
TEN or SJS require emergent allergic and dermatologic
consultation, and possibly consultation with a specialist in
burn care.

Issues During the Course of Hospitalization

Patients with anaphylaxis who experience rapid resolution
of their symptoms can be discharged after 24 hours of ob-
servation. A critical care pathway for patients admitted to
the ICU must be tailored to their clinical responses and the
various end-organs affected. Critically ill patients who im-
prove with aggressive treatment can be transferred out to
the medical floor in 24–48 hours. However, patients taking
�-blockers often require a longer length of stay in the ICU
because of persistent hypotension. Patients who are diffi-
cult to wean from the ventilator need to have other diag-
noses, such as status asthmaticus, considered (Chapter 56).
Patients who experience myocardial ischemia or arrhyth-
mias require stabilization and consideration of further risk
stratification (Chapters 37, 38, 42, and 43).

Rarely, it may be necessary to initiate or continue therapy
with a medication to which a patient has a history of ana-
phylaxis. In this situation, the patient can be desensitized by
administering increasing increments of the drug orally or in-
travenously. This procedure needs to be performed in an
ICU setting with emergency resuscitation equipment avail-
able and in consultation with an allergist or immunologist.

Mortality rates for SJS and TEN are 5% and 30%, respec-
tively (8). The duration of disease progression is usually
3–4 days. Poor outcomes are associated with increased age,
extensive epidermal detachment, visceral involvement, and
dehydration (12). Steroids improve the clinical course of
some patients with SJS if administered early. The effective-
ness of corticosteroids on morbidity and mortality rates in
patients with TEN has not been demonstrated in clinical
trials, and their routine use is not recommended. Again,
consultation with an allergist or dermatologist as well as a
burn specialist aids the management of these patients.

ANAPHYLAXIS OR SEVERE ALLERGIC
REACTION DEVELOPING IN THE
HOSPITAL

A wide spectrum of adverse reactions may occur among
hospitalized patients. Although treatment of severe reac-
tions is no different whether the reaction developed inside
or outside the hospital, a variety of less severe reactions can
develop and must be managed in the hospital setting. The
onset and manifestations of allergic reactions depend on
several factors. These include the amount of antigen, its
route of administration, and the relative sensitivities of the
various organs to the vasoactive substances involved. Par-
enteral administration of antigen provokes more frequent
and severe reactions than oral ingestion.

Drugs are the most common agents precipitating ana-
phylaxis in the hospitalized patient, with penicillins most
frequent. Patients with a history of anaphylaxis to penicillin
should not receive cephalosporins, because they share the same
ring structure. The cross-reactivity with cephalosporins in
this population may be as high as 50%. Most patients
(80%–90%) who report a penicillin “allergy” (without ana-
phylaxis) do not produce specific IgE antibodies to peni-
cillin. Therefore, the cross-reactivity with cephalosporins in
these patients is significantly lower (10%–15%). Patients
with a prior history of atopic diseases (asthma, atopic der-
matitis, allergic rhinitis) do not have a significantly in-
creased risk of developing anaphylaxis to drugs. However,
atopic individuals have more severe reactions and an in-
creased risk of anaphylactic reactions to radiocontrast me-
dia, food, or latex. Latex allergy also may pose a threat to
those who have had prior or continued exposure, especially
healthcare workers and patients with spina bifida or uro-
genital abnormalities.

Anaphylaxis also may be seen during transfusion reactions.
Some patients who receive intravenous immunoglobulin
possess an IgA deficiency and produce IgE and IgG autoanti-
bodies against IgA. If given intravenous immunoglobulin
containing IgA, such patients may experience a mast
cell–mediated reaction ranging from urticaria or an-
gioedema to anaphylaxis. The majority of transfusion reac-
tions, however, occur through the formation of immune
complexes, causing serum sickness rather than anaphylaxis
(Chapter 91 contains further details regarding transfusion re-
actions). Food also must be considered as a precipitant. For
example, peanut-induced anaphylaxis is a common prob-
lem, affecting about 1.5 million people and causing 50–100
deaths per year in the United States. TNX-901, a monoclonal
antibody to IgE, has been shown to significantly increase the
threshold of sensitivity to peanut antigen, hence decreasing
the risk from an unintended ingestion (13).

Most severe drug reactions in hospitalized patients are
anaphylactoid (i.e., not mediated by IgE antibody). Con-
trast material used in radiographic tests and drugs such as
opiates can directly stimulate mast cell activation. These pa-
tients are treated in the exact same fashion as patients with
anaphylaxis. Tryptase levels in these individuals are in-
creased secondary to mast cell degranulation. Patients re-
ceiving aspirin or NSAIDs may have severe anaphylactoid
reactions as well. Patients with a history of asthma, nasal
polyps, and/or rhinosinusitis are particularly at risk.

Patients with a history of radiocontrast allergy often need
to undergo important diagnostic radiographic tests. In these
situations the prophylactic regimen should be catered to the
severity of the patient’s allergy. Patients with a history of ur-
ticaria can be pre-dosed with 50 mg of oral prednisone (13,
7, and 1 hour before) and 25 mg of parenteral diphenhy-
dramine 1 hour before the procedure. Patients with more se-
vere anaphylactoid reactions (i.e., angioedema, hypoten-
sion) additionally can be given 25 mg of ephedrine orally
and 300 mg of cimetidine orally 1 hour before the proce-
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dure (14). Finally, the use of nonionic low-osmolality ra-
diocontrast media helps to minimize the likelihood of an
adverse reaction (15).

Adverse dermatologic reactions occurring among hospi-
talized patients range from intractable pruritus to urticaria,
angioedema, or TEN. Careful history-taking and review of
the medication record is essential to making the correct di-
agnosis. Patients presenting with urticaria have erythema-
tous, well-circumscribed wheals (hives) that are intensely
pruritic and often migratory. Urticaria also may be accom-
panied by angioedema. The mechanism of action is similar,
but angioedema occurs in the deeper cutaneous structures.
The production of urticaria or angioedema usually implies
the presence of an IgE-mediated hypersensitivity reaction.
Less often the drug (hapten) complexes with serum or tissue
proteins, forming an immune complex that activates the
complement cascade. The resulting anaphylatoxins C3a,
C4a, and C5a bind to mast cells and degranulate them.

Specific classes of drugs often produce characteristic
clinical syndromes involving one or more organ systems.
Anticonvulsants, most notably phenytoin, phenobarbital,
and carbamazepine, can cause erythematous eruptions 1–3
weeks after their administration. Clinical signs and symp-
toms include fever, lymphadenopathy, facial edema,
leukocytosis, hepatitis, and nephritis.

Morbilliform or maculopapular rashes are the most com-
mon drug-induced cutaneous reactions. These rashes consist
of symmetrical macules and papules that often are conflu-
ent. Patients may note pruritus or fever. Similar presenta-
tions have been seen in patients with acute viral infections
such as measles, Epstein-Barr virus, cytomegalovirus, and
acute HIV seroconversion. Patients infected with HIV are
5–10 times more likely to develop morbilliform drug erup-
tions than uninfected people. Trimethoprim-sulfamethoxa-
zole, amoxicillin, and ampicillin commonly induce cuta-
neous reactions in such patients. It is also important to
identify erythema multiforme, an acute inflammatory erup-
tion of the skin and mucous membranes. In this disorder,
patients may develop a variety of lesions, including macu-
lopapular rashes. Target lesions are diagnostic, and the rash
typically involves the extremities symmetrically. Fever and
flu-like symptoms may precede the eruption by several days.
Erythema multiforme is most commonly associated with
drugs or infection (typically, herpes simplex virus). A variety
of other adverse cutaneous reactions, such as drug-induced
vasculitis, warfarin skin necrosis, and vancomycin-induced
“red man” syndrome (flushing about the neck and face),
may complicate a patient’s hospital course. Management of
these conditions includes discontinuation of the offending
drug, supportive care, and dermatologic consultation when
appropriate.

Patients with carcinoid tumors also may develop symp-
toms analogous to anaphylaxis. Severe skin flushing, ab-
dominal cramping, diarrhea, and bronchoconstriction may
confuse the clinical picture. Patients suspected of having
this disease should have 24-hour levels of 5-hydroxyin-

doleacetic acid measured. Treatment is based on reducing
the tumor burden. The somatostatin analog octreotide has
successfully reduced the severe flushing and other en-
docrine manifestations of the syndrome.

Other entities also may mimic anaphylaxis. For exam-
ple, patients who experience hypoglycemia, asthma, car-
diac arrhythmias, and vasovagal reactions can present with
pallor, diaphoresis, hypotension, shortness of breath, and
wheezing. These patients lack the characteristic urticaria or
angioedema that is noted in 88% of individuals experienc-
ing anaphylaxis. The role of mastocytosis as a masquerader
has been alluded to previously.

Often, patients with hypertension or diabetes present to
the hospital with new-onset congestive heart failure and are
started on ACE inhibitors. Although this class of drugs can
cause a dry cough and angioedema at any time, 60% of the
adverse reactions occur immediately or within the first few
days of treatment (6). If angioedema occurs, it is necessary
to discontinue the drug. Lowering the dose or changing to
a different type of ACE inhibitor is not effective, and simi-
lar episodes may be seen in patients switched to an-
giotensin II receptor blockers (16). A short course of
steroids helps resolve the angioedema.

Discharge Issues

Prior to discharge, patients experiencing an anaphylactic
reaction should be educated about the nature of their
illness. This includes informing them to wear medical-
alert bracelets and providing instructions on how to self-
administer an injection of epinephrine in the event of an
attack. Prevention is equally important. Patients need to
be able to recognize potential triggers as well as under-
stand substances to which they may cross-react and suffer
an allergic reaction. Patients should be referred to an al-
lergist for skin-prick testing and desensitization therapy if
indicated. Finally, the primary care physician must be in-
formed of all adverse reactions occurring in the hospital,
and all such reactions should be documented clearly in
both the inpatient and outpatient medical record.

COST CONSIDERATIONS AND
RESOURCE USE

Patients requiring prolonged ICU admission incur signifi-
cant costs. Consultation with a dermatologist early in the
course of a skin reaction may expedite adequate treatment,
preventing clinical deterioration and prolonged hospital-
ization. Consultation with an allergist or immunologist for
patients with new-onset or recurring severe allergic reac-
tions may best identify optimal therapy to shorten the hos-
pital course and optimize patient education. Follow-up
education promotes adherence and identification of the
possible allergens so as to avoid them or other cross-react-
ing allergens. Further, utilizing protocols of premedication,
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such as those utilized for radiographic contrast material,
reduces costs by minimizing adverse outcomes.

KEY POINTS

■ Both allergic and nonallergic reactions can produce ana-
phylactic symptoms.

■ The differential diagnosis of an anaphylactic/anaphylac-
toid reaction includes several nonallergic diseases that
may present with similar symptoms.

■ The treatment of anaphylaxis is straightforward, but the
underlying precipitant is often elusive.

■ Patients with anaphylaxis usually improve if the initial
therapy is administered without delay. If �-blocker ther-
apy causes persistent hypotension, patients should receive
glucagon. Other diagnoses also need to be considered.

■ The most common precipitants of anaphylaxis in the
hospital are drugs, radio-contrast agents, and latex
products.

■ Patient education and appropriate follow-up with the
patient’s primary care physician and an allergist are es-
sential in cases of anaphylactic/anaphylactoid reactions
requiring hospitalization.
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Drug Overdoses and 

Dependence
Josef G. Thundiyil Jon K. Beauchamp Kent R. Olson

INTRODUCTION

Overdose patients are a heterogeneous group who may
present with a variety of ingestions (e.g., prescription
medications, over-the-counter products, and/or drugs of
abuse) and reasons for their overdose (e.g., suicide at-
tempt, accidental overmedication, or drug abuse). The
overdose is often a dynamic process in which a previously
healthy individual can become critically ill in a matter of
minutes or hours. Frequently, clinicians must treat a drug
overdose using an incomplete history, a limited physical
examination, and only a few diagnostic studies. Pre-
existing medical conditions can complicate the manage-
ment of the overdose. Finally, the overdose may represent
an intentional suicide attempt or a drug dependency that
requires psychiatric or social intervention in addition to
medical treatment.

The first section of this chapter discusses the general
considerations pertinent to most drug-overdose patients.
This includes the indications for hospitalization, initial
ICU admission, early consultation, and issues during
the course of hospitalization and at discharge. The subse-
quent sections review the clinical presentation, evalua-
tion, and initial therapy for overdose patients with an
altered level of consciousness, seizures, shock, and/or an
abnormal electrocardiogram, respectively. The final sec-
tion discusses the management of a drug-dependent
patient during hospitalization.

GENERAL CONSIDERATIONS IN A
DRUG-OVERDOSE PATIENT

Issues at the Time of Admission

Clinical Presentation

There are many different initial manifestations of an acute
drug overdose. These may include an altered level of con-
sciousness, seizures, hypotension, cardiac arrhythmias,
metabolic acidosis, or gastrointestinal symptoms. Important
variables in the history include the specific drug or drugs
taken, the amount taken, the time between the overdose and
presentation, and any underlying medical illnesses. Certain
drugs (e.g., carbamazepine, salicylates, tricyclic antidepres-
sants, sustained-release or enteric-coated preparations) may
be absorbed slowly or erratically, which can delay the onset
of toxicity. Some drugs (e.g., digoxin, lithium, salicylates,
theophylline, metformin, verapamil) can cause toxicity after
chronic, repeated overmedication or in the presence of im-
paired drug elimination because of kidney or liver dysfunc-
tion. The presentation and treatment of common poisonings
and drug overdoses are described in Table 121.1.

Differential Diagnosis and Initial Evaluation

The symptoms and clinical manifestations may be
similar for many different drug overdoses and medical

121
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TABLE 121.1
CLINICAL ISSUES AND TREATMENT OF SOME COMMON DRUG OVERDOSES AND POISONINGS

Drug or poison Clinical presentation Treatmenta

Acetaminophen (Panadol, 
paracetamol, Tylenol, etc)

Amphetamines (metham-
phetamine [crank, crystal 
meth], MDMA [ecstasy]) 
and cocaine (crack)

Anticholinergics and antihis-
tamines (benztropine, 
diphenhydramine, chlor-
pheniramine, etc)

Benzodiazepines (diazepam,
alprazolam, chlordiaze-
poxide, lorazepam, ox-
azepam, etc)

�-blockers (atenolol, 
metoprolol, propranolol,
etc)

Calcium channel blockers 
(amlodipine, verapamil, 
nifedipine, diltiazem, etc)

Potentially toxic ingestion is �7 gm. Alcoholics
and patients taking anticonvulsants or INH may
be at higher risk for liver injury. Initial nausea
and vomiting followed by evidence of liver
injury developing over 24–48 hours. Patients
may be only minimally symptomatic early in the
course of overdose. May lead to fulminant
hepatic failure. Always consider acetaminophen
as a coingestant in an opiate overdose.

Toxicity may occur after injection, nasal insuf-
flation, smoking, or ingestion. Delayed toxicity
can occur if swallowed in drug packets. Toxicity
includes agitation, psychosis, seizures, hyper-
thermia, tachycardia, and hypertension.
Intracranial hemorrhage, rhabdomyolysis, my-
ocardial ischemia, and cardiac arrhythmias may
also occur.

Anticholinergic syndrome (tachycardia, dilated
pupils, flushed dry skin, sleepiness or confusion,
delirium, hallucinations). Seizures, rhabdo-
myolysis, hyperthermia, and QRS widening can
occur. May cause delayed drug absorption.
Always consider possibility of tricyclic anti-
depressant (TCA) overdose (see below), which
has similar presentation.

Sleepiness, stupor, CNS depression, ataxia,
slurred speech (usually arousal with strong
stimulus). Relatively safe alone, although deep
coma can occur with large or mixed ingestions
or with newer short-acting benzodiazepines.

Severe bradycardia, atrioventricular block, hypo-
tension, often resistant to �-adrenergic drugs.
Life threatening in overdose. Lipid-soluble
agents (e.g., propranolol) can also cause coma,
seizures, and tricyclic-like cardiotoxicity. Bron-
chospasm may occur in asthmatics. Sustained
release preparations may have delayed toxicity.
Beta selectivity is lost in overdose.

Severe bradycardia, hypotension, often resistant
to usual agents. Junctional bradycardia and
ileus are common rhythm. Sustained release
products may have delayed toxicity.
Hyperglycemia may occur.

Obtain STAT serum acetaminophen level and plot
on nomogram (see Figure 121.1). If level is toxic
or patient presents late, start N-acetylcysteine
140 mg/kg PO immediately followed by 70
mg/kg every 4 hours for 17 doses. Consult PCC
regarding length of treatment or use of
intravenous N-acetylcysteine if not tolerated
orally. Shorter course may be used if patient has
no evidence of liver injury at 36 hours. Consult
regional liver transplant service for patients with
rapidly rising liver aminotransferases.

Reduce external stimuli and provide calm envi-
ronment. Sedation with benzodiazepines or an-
tipsychotic agents (e.g., haloperidol). Consider
whole bowel irrigation for drug packet ingestions.
Treat severe hypertension unresponsive to ben-
zodiazepines with vasodilator (e.g., nitroprusside,
nitroglycerin, or phentolamine). Use extreme cau-
tion with �-blockers. Hyperthermia requires ag-
gressive cooling measures, including neuromus-
cular paralysis.

Observation, supportive care. Use benzodiazepines
for agitation and seizures. For non-TCA
anticholinergic syndrome, consider
physostigmine 0.5–1 mg IV. (Caution:
physostigmine can cause seizures and
bradycardia.)

Supportive care. Although there is a specific anti-
dote (flumazenil), it is contraindicated if there
may be co-ingestion of a tricyclic antidepressant
or other convulsant or if patient is dependent on
benzodiazepines, and most toxicologists advise
against empiric use. It has been reported to cause
seizures and dysrhythmias in patients who are
benzodiazepine dependent.

Cardiac monitoring and close observation; consider
whole bowel irrigation for sustained release
preparations or massive ingestion. Use atropine,
epinephrine, isoproterenol, or cardiac pacing for
symptomatic bradycardia. Intravenous fluids,
epinephrine infusion, or norepinephrine infusion
for hypotension. For resistant bradycardia or
hypotension, use glucagon 5–10 mg IV, followed
by infusion of 5–10 mg/hr. For large or
prolonged infusions, do not use supplied diluent
(contains phenol). Consider sodium bicarbonate
boluses if wide complex conduction defects
occur.

Cardiac monitoring and close observation; consider
whole bowel irrigation for sustained release
preparations or massive ingestion if peristalsis is
present. Give calcium chloride, 1–2 gm IV. Re-
peat dose as needed to raise BP and increase
heart rate. Doses as high as 10 gm or more may
be required. Glucagon, epinephrine, amrinone,
and high-dose insulin therapy may help with re-
fractory hypotension.
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TABLE 121.1
(continued)

Drug or poison Clinical presentation Treatmenta

Carbamazepine (Tegretol)

Carbon monoxide

Cocaine, crack

Cyanide

Cardiac glycosides (digoxin, 
digitoxin, oleander, and 
other plants)

Ethanol

Ethylene glycol (antifreeze)

Gamma hydroxybutyric acid
(GHB)(2)

Stupor, ataxia, decreased level of consciousness,
seizures, and coma occur. AV block, brady-
cardia, QRS, and QT widening are occasionally
reported. Has some anticholinergic effects.
Absorption from the gut is often slow and
erratic and may lead to delayed toxicity.

High index of suspicion is needed because symp-
toms are nonspecific: headache, nausea, dizzi-
ness, confusion, stupor, seizures, angina, and
coma. After significant poisoning, permanent
neurologic sequelae can occur. CT scan may
show hypodense regions in central white mat-
ter. Metabolic acidosis may be present.

Toxicity can occur after nasal insufflation,
smoking, injection, or ingestion. Swallowed
packets may cause delayed toxicity. Symptoms
include euphoria, anxiety, agitation, delirium,
psychosis, tremors, seizures, hypertension,
hyperthermia, myocardial ischemia, intracranial
bleed, stroke, arrhythmias, and death.

Acute collapse, hypotension, severe metabolic
acidosis. Symptoms can also include headache,
nausea, and confusion. Smell of “bitter al-
monds” may be detected by about 60% of care-
givers. Toxicity can also develop from high-dose
intravenous nitroprusside therapy.

Nausea, vomiting, visual disturbances, hyper-
kalemia. Bradycardia with prominent AV block.
Patients with underlying atrial fibrillation may
present with slowed ventricular response or a
junctional rhythm. Ventricular arrhythmias, heart
failure, and death may occur. Levels may be
falsely elevated if drawn within 4–6 hours of in-
gestion.

Common co-ingestant with other drugs that re-
sults in stupor, disinhibition, hypoglycemia, hy-
pothermia agitation, altered level of conscious-
ness, CNS depression, and coma. Vomiting with
pulmonary aspiration of gastric contents is a
common complication.

Intoxication causes gastritis, decreased LOC, stu-
por, and coma. Elevated serum osmolality (os-
molar gap). Metabolism of EG leads to severe
metabolic acidosis (non-lactate), renal failure,
coma, and death. Woods lamp may reveal fluor-
escent urine.

Drug of abuse, “date rape drug,” and used by
weightlifters. Can cause rapid onset of deep
coma, often with muscle twitching or occa-
sionally seizures, bradycardia, and emergence
phenomenon. Withdrawal syndrome has been
described.

For large ingestion, give extra doses of activated
charcoal every 3–4 hours to ensure gut decon-
tamination. Follow serial levels to rule out pro-
longed delayed absorption. Serious symptoms
may occur at levels greater than 40 mg/L and if
serum level �60 mg/L, consider hemodialysis or
charcoal hemoperfusion.

Give high-flow oxygen by tight-fitting mask or 100%
via endotracheal tube. Obtain carboxyhemo-
globin level. Recent evidence suggests that
hyperbaric oxygen may reduce long-term neuro-
logic and cognitive sequelae; but this remains
controversial and HBO is not usually readily avail-
able (1).

Maintain close observation and cardiac monitoring;
reduce external stimuli. Use benzodiazepines as
the initial therapy for agitation, seizures, hyper-
tension, anxiety, and tremors. For refractory hy-
pertension, avoid pure �-blockers, as unopposed
alpha effects may paradoxically worsen hyperten-
sion. Consider phentolamine as an additional va-
sodilatory therapy. Nitrates and calcium channel
blockers may be used for cardiac ischemia.

Cyanide antidote package contains amyl and
sodium nitrite (300mg) (to induce methe-
moglobinemia) and sodium thiosulfate (12.5g) (to
enhance conversion of cyanide to less toxic thio-
cyanate). Administer sequentially and provide
supportive care. Stop or reduce nitroprusside in-
fusion.

Initiate continuous cardiac monitoring. For signifi-
cant toxicity, severe hyperkalemia, and symp-
tomatic arrhythmias, give digoxin-specific antibod-
ies (Digibind or DigiFab) based on estimated body
burden of digoxin (see package insert or call PCC
for calculation). Note that serum digoxin levels
may be falsely elevated after antibody therapy. Do
not give calcium because this may worsen ventric-
ular arrhythmias or cause asystole.

Supportive care. Examine carefully for associated
co-morbidities (trauma, infections, other OD). Ac-
tivated charcoal not effective. Treat alcoholism-
associated ketoacidosis with glucose, thiamine,
and volume replacement. Treat withdrawal syn-
drome with benzodiazepines (Chapter 122).

Charcoal is ineffective. Block EG metabolism with
ethanol or fomepizole (consult PCC for dosing).
Treat acidosis with bicarbonate. Remove EG and
toxic metabolites with early consideration for
hemodialysis. Supplement with folate and pyri-
doxine.

Supportive care. Duration usually brief, with rapid
spontaneous awakening from deep coma within
2–4 hours.
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TABLE 121.1
CLINICAL ISSUES AND TREATMENT OF SOME COMMON DRUG OVERDOSES AND POISONINGS
(continued)

Drug or poison Clinical presentation Treatmenta

Hypoglycemic agents (oral), 
sulfonylureas, and other 
agents (3)

Isoniazid (INH)

Lithium (4)

Methanol (wood alcohol, 
solvents, glass cleaning 
products, paint removers)

Nonsteroidal anti-
inflammatory drugs (NSAIDs) 
(e.g., ibuprofen, naproxen, 
ketorolac, etc.)

Noncyclic antidepressants; 
(serotonin reuptake inhi-
bitors: fluoxetine, fluvox-
amine, paroxetine, 
sertraline; mixed neurotrans-
mitter blockers: nefazo-
done, trazodone, venlafa-
xine, bupropion)

Opioids and opiates 
(codeine, heroin, hydroco-
done, methadone, mor-
phine, propoxyphene, etc)

Organophosphate and car-
bamate insecticides 
(commonly in hydrocar-
bon solvent base), nerve 
agents (e.g., Sarin, Tabun, 
Vx) (5)

Sulfonylureas can cause delayed onset of hypo-
glycemia that can persist for up to 48–72 hours.
Symptoms can include confusion, diaphoresis,
agitations, seizure, and coma. Other agents do
not cause hypoglycemia but may contribute to
that caused by sulfonylureas and insulin.

After acute ingestion, nausea, vomiting, ataxia, ag-
itation, confusion, and seizures. Seizures are of-
ten refractory to conventional therapy. Severe
lactic acidosis often accompanies even a few
brief seizures, due to block of lactate
metabolism.

After acute overdose, serum level may be falsely
elevated if drawn within a few hours of
ingestion. Chronic overmedication may cause
greater toxicity. Initially, nausea, vomiting,
confusion, ataxia, tremor, weakness, slurred
speech, myoclonus, seizures, or coma can occur
after acute or chronic intoxication. Therapeutic
use or overdose can cause nephrogenic
diabetes insipidus.

Intoxication is similar to ethanol or ethylene
glycol: gastritis, elevated serum osmolality
(osmolar gap), stupor, and coma. Metabolism
of methanol leads to severe anion gap
metabolic acidosis (non-lactate), visual changes,
blindness, seizures, coma, and death.

Nausea and vomiting common. After very large
ingestion (e.g., �400 mg/kg) may see stupor,
coma, seizures, metabolic acidosis, pulmonary
edema, and renal failure. Mefenamic acid and
phenylbutazone are more likely to cause
seizures.

Generally safer than tricyclic antidepressants.
Toxicity is increased by ingestion of other
drugs. Symptoms can include ataxia, sedation,
tremor, coma, hypotension, and tachycardia.
Bupropion commonly causes seizures.
Serotonin syndrome (confusion, myoclonus,
diaphoresis, tremor, hyperthermia) can rarely
be seen with overdose or medication
interaction.

Lethargy, CNS depression, stupor, coma, respira-
tory depression, small pupils (often pinpoint),
and noncardiogenic pulmonary edema. There
may be evidence of chronic IV drug abuse. For
mixed ingestions, check serum acetaminophen
level (see above). Marked withdrawal
syndrome.

Poisoning can occur by ingestion, dermal absorp-
tion, or inhalation of mist. Caution must be
taken by health care workers to avoid contami-
nation by skin, vomitus, or clothing. Abdominal
cramps, vomiting, diarrhea, hypersalivation,
bronchorrhea, sweating, miosis, bradycardia,
muscle fasciculations, and weakness. Respira-
tory arrest is usual cause of death. Garlicky or
solvent odor may be present.

Close glucose monitoring for a minimum of 24
hours. Use glucose boluses of D50 to bring glu-
cose to within normal range; then use continuous
glucose infusions and octreotide (50 mcg SQ ev-
ery 12 hours) to maintain euglycemia. Rebound
hypoglycemia may occur when dextrose infusion
is stopped.

Seizures may be resistant to benzodiazepines. Give
pyridoxine (vitamin B6), 5 gm IV, or if amount in-
gested is known, give a gm-for-gm equivalent
dose.

Activated charcoal does not bind Lithium. Consider
whole-bowel irrigation for large ingestion of
sustained-release products. Promote renal excre-
tion with intravenous fluids to maintain adequate
urine output. Consider hemodialysis or
continuous renal replacement therapy for
significant toxicity, renal failure, and severe
neurologic symptoms. Symptoms may persist for
days-to-weeks and do not always correlate with
serum level.

Block methanol metabolism with ethanol or
fomepizole. Supplement with folic acid. Treat aci-
dosis with bicarbonate and early consideration
for hemodialysis to remove methanol and toxic
metabolites.

Supportive. Symptomatic treatment and obser-
vation. Monitor renal function and electrolytes.

Close observation. Supportive care and sympto-
matic treatment. Some reports have suggested
that oral cyproheptadine may be of benefit in
serotonin syndrome.

Close observation for respiratory depression. Spe-
cific antidote is naloxone 0.4–2 mg IV. May need
larger doses after codeine, propoxyphene over-
dose. Naloxone lasts only 1–2 hours; may need
to repeat doses or give constant drip for
methadone OD (can last for 2–3 days).

Close observation and monitoring. Perform thor-
ough skin decontamination with soap and water.
Lavage into closed (e.g., wall suction) system. In-
travenous fluids for volume replacement. Anti-
dotes include atropine (1–2 mg IV initially, contin-
uous infusion may be needed) titrated to control
bronchorhea and bronchospasm. Pralidoxime (2-
PAM) is essential for muscle weakness caused by
organophosphates. Begin pralidoxime treatment
early for organophosphate poisoning to prevent
prolonged hospitalization.
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TABLE 121.1
(continued)

Drug or poison Clinical presentation Treatmenta

Phenytoin (Dilantin)

Salicylates: aspirin (prescrip-
tion and OTC analgesics 
and cold preparations), 
bismuth subsalicylate 
(Pepto-Bismol)

Theophylline: (TheoDur, 
Theo-BID, etc.)

Tricyclic antidepressants 
(amitriptyline, doxepin, 
imipramine, nortriptyline, 
etc) (6)

Valproic acid (Depakote, 
Depakene)

a For all poisonings, appropriate, supportive care (e.g., airway management, supplemental oxygen, treating shock
or cardiac dysrhythmias, correction of hypoglycemia) should be instituted. For ingestions, gastrointestinal
decontamination should be performed with a single dose of an aqueous slurry of activated charcoal 50 g PO or via
NG, unless an alternate method is described. GL, gastric lavage; IV, intravenous; LOC, level of consciousness; PCC,
poison-control center.

At serum levels �20–30 mg/L, ataxia, nystagmus,
slurred speech, and tremor may occur. At
higher levels, drowsiness, lethargy, confusion,
and coma can occur. Intravenous formulation
contains propylene glycol diluent, which may
cause hypotension and cardiac arrest when
administered rapidly IV (e.g., at a rate �50
mg/min).

Patients may become poisoned from chronic
overmedication or acute overdose. Chronic
overmedication can result in severe and unre-
cognized toxicity, and symptoms will correlate
poorly with levels. Bezoar formation is not un-
common with intentional acute overdose, lead-
ing to delayed and erratic absorption. Symp-
toms can include nausea, vomiting, tinnitus,
hyperventilation, confusion, coma, hyper-
thermia, pulmonary edema, cerebral edema,
and seizures. Mixed respiratory alkalosis and
metabolic acidosis is often seen.

Poisoning can occur from acute overdose or
chronic overmedication. Hypokalemia,
hyperglycemia, and gastrointestinal symptoms
are common after acute overdose; toxicity in
chronic overdose tends to occur at lower serum
drug levels. Tachycardia, anxiety, tremor, and
seizures may occur with both acute and chronic
overdose. Course can lead to status epilepti-
cus, cardiovascular collapse and death. Exces-
sive �-2-adrenergic stimulation is probable
cause of cardiovascular and metabolic effects.

Drug absorption can be delayed and patients
may deteriorate rapidly. Anticholinergic
syndrome is common. Cardiotoxicity due to
sodium channel blockade leads to conduction
disturbance (QRS �120 msec), tachycardia,
hypotension, and ventricular arrhythmias.
Seizures, coma, cardiovascular collapse,
hyperthermia, and death may also occur.

May cause delayed and erratic drug absorption
with large ingestion. Stupor, coma, metabolic
acidosis, hyperammonemia, and cerebral
edema.

Supportive care. Repeated dose activated charcoal
may enhance elimination but is of little practical
use and can lead to overshoot if levels drop too
rapidly.

Monitor closely and follow serum levels until a clear
downward trend exists. With large ingestions (e.g.,
more than 100 pills), give extra doses of activated
charcoal (every 3–4 hours) and consider WBI.
Maintain serum pH above 7.4 to prevent further
movement of salicylate into brain. Promote renal
excretion by urinary alkalinization (sodium bicar-
bonate 100 mEq in 1 L of D5 quarter normal saline
at 3–4 mL/kg/hr). Consider hemodialysis for severe
acidosis, blood level �100 mg/dL, decreased
LOC, seizures, volume overload, pulmonary
edema, or chronic renal failure. Verify units of mea-
surement when checking levels (mg/L or mg/dL).

Close observation, continuous cardiac monitoring.
Repeat doses of activated charcoal may enhance
drug elimination in even mild drug overdoses.
Consider whole bowel irrigation for large sus-
tained release overdoses. For serum level �100
mg/L or multiple seizures, consider hemodialysis.
Hypotension and tachycardia may respond to �-
blockers (e.g., esmolol at low doses, 25
mcg/kg/min).

Continuous ECG monitoring. Early airway manage-
ment is essential because of the risk of rapid de-
terioration. For wide QRS complex or hypoten-
sion, give sodium bicarbonate 1–2 mEq/kg IV
bolus and repeat as needed. Avoid type Ia and Ic
antiarrhythmics. For hypotension refractory to in-
travenous fluids, consider norepinephrine infu-
sion. Do NOT use physostigmine.

For large ingestions, give extra doses of activated
charcoal and consider whole bowel irrigation. 
For serum valproate level �850mg/L, consider
hemodialysis or hemoperfusion. Intravenous 
L-carnitine may be useful for valproic acid-
induced hyperammonemia.

conditions. Because of this, the possibility of a drug overdose
should be considered in any patient who has an unexplained
acute illness, particularly if he or she has an altered level of
consciousness or multiple organ system dysfunctions.

The clinical condition of an acute drug-overdose patient
can deteriorate quickly, and the initial evaluation should

begin with a brief assessment to determine if immediate
treatment is necessary. Emergent interventions may include
administration of supplemental oxygen, endotracheal
intubation and mechanical ventilation, treatment of shock
or cardiac dysrhythmias, control of seizures, and correction
of hypoglycemia. If time permits, a more complete evalua-
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tion can be done, including a physical examination,
pertinent diagnostic studies (see later in this chapter), and
a detailed history, including checking for routine medica-
tions, the presence of any heart, lung, liver, or kidney dis-
ease, and prior suicide attempts.

Important aspects of the physical examination of a drug-
overdose patient include the level of consciousness (see
subsequent discussion), a complete set of vital signs
(including an accurate measurement of the respiratory rate
and core temperature), pupil size and reactivity, lung
sounds and an assessment of respiratory effort, the pres-
ence or absence of peristalsis (bowel sounds), and the
presence of abnormal muscle activity (e.g., dystonia, fasci-
culations, muscle rigidity, tremors, or other abnormal
movements).

The appropriate laboratory assessment of a drug-
overdose patient depends on the history and clinical pre-
sentation, but should generally include serum electrolytes,
glucose, blood urea nitrogen (BUN), and creatinine levels.
These tests are inexpensive, quickly available, and often
useful in diagnosing or managing a drug-overdose patient.
Electrolyte abnormalities can result from or contribute
to the toxicity of some drug overdoses. In a few cases
these electrolyte abnormalities may serve as a marker of
acute toxicity of a drug overdose (e.g., hyperkalemia in an
acute digoxin overdose or hypokalemia in an acute theo-
phylline overdose). The presence of an anion gap acidosis
should raise the suspicion of salicylate poisoning, as well as
a number of other intoxications including carbon monox-
ide, cyanide, iron, nonsteroidal anti-inflammatory agents,
or isoniazid (Table 121.2). If there is an accompanying
osmolar gap, one should consider the possibility of an
ethylene glycol or methanol poisoning. Decreased renal

function may prolong the toxicity of a drug overdose.
A serum creatine kinase level should be obtained in any
drug-overdose patient at risk for rhabdomyolysis. If a drug
overdose is suspected to be a suicide attempt, a rapid quan-
titative acetaminophen and salicylate level should be ob-
tained and, in women of childbearing age, a rapid serum or
urine pregnancy test also should be done. Additionally, an
electrocardiogram should be performed to evaluate for dys-
rhythmias and abnormal intervals (see later discussion).
Abdominal radiographs may be helpful in monitoring and
the decontamination of certain radio-opaque poisons (e.g.,
heavy metals) or in connection with body packing or stuff-
ing of illicit substances in plastic bags.

Comprehensive toxicologic screening of the blood and
urine is costly, and the results usually are not available
quickly enough to affect patient care. Because of this, it is
of questionable value in the emergent evaluation of a
drug-overdose patient. However, rapid urine screening for
drugs of abuse (e.g., opioids, cocaine, amphetamines)
may help confirm clinical suspicions and obviate the need
for other workups. Urine toxicologic screens should be in-
terpreted with caution because many common drugs (e.g.,
lorazepam, clonazepam, methadone, and oxycontin) fre-
quently do not test positive for their expected assays (i.e.,
benzodiazepines and opiates). Meanwhile, common
drugs, such as diphenhydramine and dextromethorphan,
can give false positive results for such urine screening tests
as phencyclidine (PCP). For some drug overdoses, quanti-
tative serum drug levels can be helpful in deciding to hos-
pitalize a patient, determining the acuity of care required,
and guiding the use of specific treatments, such as N-
acetylcysteine for acetaminophen (Figure 121.1) or
digoxin-specific Fab antibodies for digoxin (Table 121.1).

Indications for Hospitalization

Most patients with acute drug overdose do not need hos-
pitalization. Typically they can be treated and released
from the hospital emergency department if they remain
asymptomatic or have resolution of their symptoms dur-
ing a 6- to 8-hour period of observation. However, certain
drugs (e.g., acetaminophen, sustained-release medication
preparations, oral sulfonylureas) may have delayed toxic-
ity or ongoing toxicity in the absence of symptomatology.
These patients, those who remain symptomatic, or those
who require continuing medical treatment of their over-
dose or its complications require hospitalization. Patients
requiring a psychiatric evaluation may need to be hospi-
talized unless the evaluation can be completed in the
emergency department.

Indications for Intensive Care Unit Admission

An acute drug-overdose patient who has unstable vital
signs, needs respiratory support, or requires close observa-
tion for medical or psychiatric reasons most likely needs to

1234 Section XV: Toxicology and Allergy

TABLE 121.2
COMMON CAUSES OF AN ANION GAPa

ACIDOSIS

Lactic acidosis

Acetaminophen (serum Hypoxia
drug level �600 mcg/mL) Metformin (rare)

�-adrenergic drugs Salicylates
Carbon monoxide Seizures
Cyanide Shock
Iron Theophylline
Isoniazid

Nonlactic acidosis

Alcoholic ketoacidosis Methanol
Diabetic ketoacidosis Salicylates
Ethylene glycol Valproic acid
Exogenous acids

a Anion gap: (serum sodium) – (serum chloride) – (serum
bicarbonate). Normal � 8–12 mEq/L.
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be admitted to an intensive care setting. Continuous mon-
itoring of the ECG and vital signs is recommended after
overdoses involving cardiotoxic drugs or agents likely to
cause seizures or altered levels of consciousness. In certain
circumstances a lower acuity bed with continuous cardiac
monitoring may be adequate.

Initial Therapy

The care required by hospitalized drug-overdose patients
varies greatly. Most do well with observation, supportive
care, and gastrointestinal decontamination with oral acti-
vated charcoal. Some patients benefit from more aggressive
gut decontamination or enhancement of drug elimination
(e.g., hemodialysis), and a few will require therapeutic in-
terventions specific to the overdose drug (Table 121.1).
Empiric initial therapy for most drug-overdose patients
should include close observation, monitoring vital signs,
establishing venous access, a single dose of activated char-
coal (see later in this chapter), and, if indicated, continuous
cardiac monitoring.

Emergent supportive measures include supplemental
oxygen, airway management with treatment of shock or
cardiac dysrhythmias, control of seizures, aggressive con-
trol of hyperthermia, and correction of hypoglycemia.
More general supportive care includes the correction of
fluid and electrolyte abnormalities and management of
symptoms.

The goal of gastrointestinal decontamination is to re-
duce the amount of drug absorbed and limit the severity of
the overdose. In general, it should be initiated as soon as
possible and may include one or more of the following
procedures: induced emesis, gastric lavage, the administra-
tion of activated charcoal, and whole bowel irrigation.
Induced emesis poses risks of aspiration, is an inefficient
method of gastrointestinal decontamination, and delays
the administration of activated charcoal; it has been virtu-
ally abandoned in the hospital management of poisoning
because of these limitations (7). Gastric lavage is commonly
performed, but this procedure increases the risk of pul-
monary aspiration, and its role in the routine management
of an acute drug overdose remains unproven. At this time,
an aqueous slurry of activated charcoal (1g/kg, up to 50–60
grams) given by mouth or via nasogastric tube is accepted
as the best method of gastrointestinal decontamination for
most uncomplicated ingestions (7). However, activated
charcoal is not effective for some agents, such as iron,
lithium, heavy metals, hydrocarbons, and alcohols. A
cathartic agent, such as magnesium sulfate or sorbitol, can
be given along with the charcoal but is of questionable
value and may worsen metabolic derangements in some
patients. Premixed charcoal and sorbitol products should
be avoided, because the large volume of sorbitol in these
preparations often causes abdominal cramps and vomit-
ing. Whole bowel irrigation with a commercially available
solution (e.g., GoLytely or CoLyte) may be a useful tech-
nique for gastrointestinal decontamination, especially for
patients who have swallowed drugs not bound by charcoal
or large numbers of sustained-release pills. The solution is
administered via nasogastric tube at a rate of 1 to 2 L/h for
several hours, with the intent of mechanically removing the
drug via the rectum. This may be useful for an overdose of
iron, lithium, or sustained-release or enteric-coated tablets,
or for the ingestion of a foreign body or an illicit drug
packet (7).

The potential benefit of enhanced drug elimination
is reducing the severity and duration of the drug over-
dose. For most drug overdoses, the duration of symptoms
is short and the severity is limited, so there is no benefit
from enhancing drug elimination. If indicated, the most
commonly used techniques include repeated administra-
tions of activated charcoal, alkalinization of the urine,
and hemodialysis. Drugs that may be more rapidly elimi-
nated by using repeated doses of activated charcoal
(based on volunteer studies) include salicylates, theo-
phylline, phenytoin, and phenobarbital. Hemodialysis is
suited for drugs that have a low volume of distribution,
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Figure 121.1 Nomogram for prediction of acetaminophen hep-
atoxicity after acute drug overdose. The upper line defines serum
acetaminophen concentrations likely to be associated with hepato-
toxicity, the lower line defines serum levels 25% below those ex-
pected to cause hepatotoxicity. Courtesy of McNeil Consumer
Products, Inc.
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low protein binding, poor intrinsic clearance, and ex-
hibit significant toxicity. Examples include ethylene gly-
col, methanol, salicylates, valproic acid, and lithium. Ad-
ditionally, continuous renal replacement (i.e., CVVH,
CAVH, etc.) therapy has shown promise for elimination of
toxins such as lithium because of its ease of implementa-
tion, avoidance of rebound levels, and applicability for
hemodynamically unstable patients (4). Indications for en-
hancing drug elimination for some overdoses are described
in Table 121.1.

Indications for Early Consultation

Consultation with a poison control system or a hospital-
based toxicologist can provide useful and cost-effective
information regarding the evaluation and treatment of a
drug-overdose patient. It should be considered in any over-
dose patient who requires hospitalization, has an unknown
ingestion, has an atypical presentation of a suspected over-
dose, or is not responding to treatment.

Issues During the Course of Hospitalization

Patients with acute drug overdose can deteriorate abruptly,
particularly during the first few hours after their overdoses.
Because of this, patients need to be reevaluated frequently
for changes in their clinical condition. Similarly, they can
have rapid improvement in their symptoms, and close
monitoring allows for timely discontinuation of unneces-
sary interventions.

Issues at the Time of Discharge

There are several issues specific to a drug-overdose patient
that should be addressed prior to hospital discharge. The
ongoing medical necessity of any drug involved in the over-
dose should be reassessed, and consideration should be
given to stopping or changing the medication. If the drug
must be continued, it may be prudent to decrease the dosage
or limit the amount dispensed at any one time. If an inad-
vertent dosage error was responsible for the drug overdose,
close outpatient monitoring and patient education should
be considered. A psychiatric evaluation, performed when
the patient is medically stable, needs to be arranged for any
patient who has attempted suicide via a drug overdose.

ALTERED LEVEL OF CONSCIOUSNESS

Issues at the Time of Admission

Clinical Presentation

An altered level of consciousness, manifested by either a
decreased level of consciousness or an agitated state, is a

common presentation of a drug overdose. A patient with
a decreased level of consciousness is usually easy to iden-
tify, but the terms to describe this clinical condition (e.g.,
somnolent, lethargic, comatose) can be confusing and in-
accurate. It is generally more accurate to quantify a patient’s
decreased level of consciousness by her or his response to
verbal and painful stimuli (appropriate, inappropriate, or
no response), ability to protect their airway, and the pres-
ence or absence of cardiovascular or respiratory depression.
Using this descriptive method allows a more accurate com-
munication of the clinical condition to other health care
providers and a more precise means of following changes
in the patient’s clinical condition. Manifestations of agita-
tion may include confusion; psychotic, inappropriate or
violent behaviors; and excessive muscle activity. Agitated
patients may present dangers to themselves and others.

Differential Diagnosis and Initial Evaluation

Altered level of consciousness may be caused by a number
of common drug overdoses and medical conditions (Chap-
ter 115). Drugs and poisons that can cause a decreased level
of consciousness include antidepressants, antihistamines, an-
tipsychotic agents (including phenothiazines), barbitu-
rates, benzodiazepines, carbon monoxide, clonidine,
ethanol, ethylene glycol, gamma-hydroxybutyrate, iso-
propyl alcohol, lidocaine, lithium, methanol, opiates,
other psychiatric medications, and salicylates. Agitation can
be caused by a number of common drug overdoses, in-
cluding amphetamines, antihistamines, caffeine, cocaine,
ephedrine, phencyclidine, pseudoephedrine, and theo-
phylline. Medical conditions that may present with an al-
tered level of consciousness include head injury, central
nervous system infection, systemic infection, intracranial
bleeding, postictal state, and metabolic disturbances (e.g.,
electrolyte abnormalities and metabolic acidosis). Hypo-
glycemia or hypoxia are important considerations in any
patient with an altered level of consciousness and may be
associated with numerous drug overdoses and medical
conditions. The possibility of drug withdrawal should be
considered in any agitated patient.

Any patient with an altered level of consciousness should
be evaluated quickly for head injury, unstable vital signs, ad-
equacy of airway control and ventilation, hypoglycemia
(bedside blood glucose determination), hypoxia (bedside
room air oxygen saturation determination), hyperthermia
(rectal temperature), and the presence of focal neurologic
findings. Routine diagnostic studies should include elec-
trolyte, glucose, BUN, and creatinine levels; electrocardio-
gram; and a urinalysis. If the screening urinalysis is positive
for blood, the patient may have rhabdomyolysis, and a
serum creatine kinase should be obtained. In the appropri-
ate circumstances, a specific drug level or serum osmolality
may assist in the diagnosis. Head computed tomography
should be considered in any patient with focal neurologic
findings or a decreased level of consciousness of unclear
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cause. A lumbar puncture should be considered in any pa-
tient with suspected central nervous system infection.

Rhabdomyolysis and hyperthermia are potentially seri-
ous complications associated with drug overdoses that
cause an altered level of consciousness. Rhabdomyolysis can
occur after a prolonged period of immobilization on a firm
surface, excessive motor activity (e.g., seizures, agitation),
hyperthermia, direct injury to muscle tissue by trauma,
certain drugs (e.g., ethanol, 2,4-dichlorophenoxyacetic
acid), and toxins (e.g., snakebites) (8). Untreated rhab-
domyolysis can cause myoglobinuria, hyperkalemia, and
acute renal failure. The creatine kinase level invariably is el-
evated, and patients may have a positive urine dipstick for
hemoglobin in the absence of red cells (reflecting the pres-
ence of myoglobin). Hyperthermia can be caused by salicy-
lates, anticholinergic agents, inhalational anesthetics,
sympathomimetic agents, serotonin antagonists, seizures,
muscle rigidity, agitation with excessive muscle activity,
neuroleptic malignant syndrome (from use of antipsy-
chotic drugs), serotonin syndrome (from monoamine oxi-
dase inhibitors or serotonin reuptake inhibitors), or malig-
nant hyperthermia (after exposure to certain anesthetic
agents). If untreated, hyperthermia may lead to rhabdomy-
olysis, renal failure, cardiac dysfunction, shock, and brain
injury, and it probably increases the risk of death from an
acute drug overdose (9).

Initial Therapy

Depending on the cause and the degree of the altered level
of consciousness, initial therapy may include supplemental
oxygen, endotracheal intubation and mechanical ventila-
tion, correction of hypoglycemia, treatment of unstable
vital signs, and (in the agitated patient) sedation and phys-
ical restraints to control potentially dangerous behaviors.
Airway management is very important in patients with a
decreased level of consciousness, because they are at risk of
hypoventilation and pulmonary aspiration. Gastrointesti-
nal decontamination should be considered but can be
difficult in patients with an altered level of consciousness.
When performed, great care should be exercised to prevent
aspiration.

In opiate overdoses, the competitive opiate receptor
antagonists naloxone (Narcan) or nalmefene (Revex) can
reverse the opioid-related decrease in consciousness and
respiration. They should be used primarily to reverse
respiratory depression and to ensure adequate airway
control and ventilation (avoiding the need for endotra-
cheal intubation). Naloxone can precipitate acute drug
withdrawal in opiate-dependent patients and can cause
agitation, pulmonary edema, or cardiac dysrhythmias. The
initial dosing of naloxone should be 0.2–0.4 mg intra-
venous, and additional doses should be titrated to reverse
respiratory depression sufficiently to ensure adequate
airway control and ventilation. Some opiates (e.g.,
propoxyphene and codeine) are resistant to usual doses of

naloxone and may require 10 mg or more to reverse
respiratory depression. Naloxone’s duration of action is
typically shorter than those of most opiates, and repeat
doses or a continuous naloxone drip may be needed.
Nalmefene is longer-acting than naloxone, but its dura-
tion of action is still shorter than that of methadone.
Although promising, its usefulness in an acute opiate
overdose remains to be determined. On the other hand, it
has begun to show increasing utility as an adjunct in the
treatment of alcoholism (10).

In a benzodiazepine overdose, the specific antagonist,
flumazenil (Romazicon), can reverse the decreased level of
consciousness and respiratory depression. As with the opi-
ate antagonists, complete reversal of benzodiazepine effects
should be avoided in benzodiazepine-dependent patients,
because this can cause acute drug withdrawal and, infre-
quently, seizures. Specific contraindications to flumazenil’s
use include known or suspected coingestion of a tricyclic
antidepressant, known or suspected benzodiazepine addic-
tion, or known use of benzodiazepines to prevent seizures.
The dosing of flumazenil is 0.5–2.0 mg intravenously, and
it should be titrated to the reversal of respiratory depression
to ensure adequate airway control and ventilations (11). Its
duration of action is typically shorter than those of most
benzodiazepines, and repeat doses may be needed. Studies
have not demonstrated a beneficial effect from routine ad-
ministration of flumazenil, and it carries significant risks of
complications including seizures and arrhythmias. For this
reason, most authorities advise against empiric use of
flumazenil in unknown or mixed overdose patients.

Symptomatic hypoglycemia should be treated initially
with 50 mL of a 50% dextrose solution (25 g dextrose)
intravenously (Chapter 107). Patients who are malnour-
ished or alcoholic may be deficient in thiamine (vitamin
B1), and thiamine 100 mg intramuscular or intravenous
also should be given to prevent Wernicke’s syndrome. If
vascular access is not immediately available, consider giv-
ing glucagon (1–5 mg intramuscularly) as a temporizing
measure. An alert patient with adequate airway control
may take juices and food by mouth. There is increasing
evidence that early use of octreotide for hypoglycemia (es-
pecially when it is secondary to sulfonylurea toxicity)
decreases the amount of dextrose required, decreases the
rate of recurrent hypoglycemia, and may possibly shorten
hospital stay (3). Dosing of octreotide is 50–100 mcg every
eight hours as needed.

Placing the patient in a calm environment initially can
treat agitation that is unrelated to hypoglycemia, hypoxia,
hypotension, or other metabolic derangement. In the
patient who remains agitated, consider sedation with a
benzodiazepine (e.g., lorazepam 1–2 mg intravenously or
0.05 mg/kg intramuscularly to a maximum dose of 4 mg,
or midazolam 0.05 mg/kg intravenously over 20–30 s or
0.1 mg/kg intramuscularly). If additional sedation is
needed, consider haloperidol 2.5–5.0 mg intramuscularly
or intravenously.
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The main treatment of rhabdomyolysis is aggressive
intravenous fluid hydration with an alkaline crystalloid
solution (2 ampules of sodium bicarbonate in 1 L of 5%
dextrose) to restore any intravascular volume depletion
and to maintain a urine output of 3–5 mL/kg/h. Hyper-
kalemia and hypocalcemia are potential complications of
rhabdomyolysis, and the patient’s serum potassium and
calcium levels must be monitored closely. In addition,
supportive care should be provided as needed, including
hemodialysis in a patient with acute renal failure. The re-
nal function in patients with acute renal failure from
rhabdomyolysis typically improves over a 2- to 3-week
period (8).

Hyperthermia needs to be treated aggressively to prevent
serious brain injury or death. The main goals of treatment
are external cooling and reducing excessive heat produc-
tion. Evaporation is usually the most efficient method of
external cooling and works well for most patients. This in-
volves undressing the patient, sponging him or her with
lukewarm water, and then using a fan to circulate air over
their skin. Continuous core temperature should be moni-
tored in patients with hyperthermia to assess adequacy of
treatment. Avoid ice packs or cold water immersion be-
cause these can induce shivering and vasoconstriction,
which interfere with heat dissipation (9). Seizures, agita-
tion, and muscle rigidity also must be controlled (as de-
scribed elsewhere in this chapter) quickly to reduce heat
production. Hyperthermia and muscle rigidity from neu-
roleptic malignant syndrome can be treated with
bromocriptine, 2.5–10 mg orally or via nasogastric tube
2–6 times daily. The hyperthermia and muscle rigidity
from serotonin syndrome may benefit from treatment with
cyproheptadine, 4 mg orally every hour for 3–4 doses (12).
Malignant hyperthermia should be treated with dantro-
lene, 1–2 mg/kg rapidly intravenously, and repeated as
needed every five minutes up to a total dose of 10 mg/kg
(9). If hyperthermia from seizures, agitation, or muscle
rigidity cannot be controlled with these measures, consid-
eration should be given to neuromuscular paralysis to
block further heat production. (Patients will need endotra-
cheal intubation once paralyzed.) Neuromuscular block-
ade is usually not effective in treating malignant hyperther-
mia and may even contribute to worsening of the
condition.

DRUG-INDUCED SEIZURES

Issues at the Time of Admission

Clinical Presentation

Drug-induced seizures are usually brief, generalized, tonic-
clonic in nature, and limited in number. For some
drug overdoses, however, the seizures can be multiple,
sustained, or focal. Typically, the seizure activity is associ-

ated with a decreased level of consciousness and possibly
with tongue biting and incontinence. Multiple or recur-
rent seizures after an amphetamine or cocaine overdose
suggest ingestion of a drug packet or a complication,
such as intracranial hemorrhage, hyperthermia, or elec-
trolyte disturbance (e.g., hyponatremia with MDMA intox-
ication).

Differential Diagnosis and Initial Evaluation

The most common causes of drug-induced seizures are
tricyclic antidepressants, diphenhydramine, isoniazid,
salicylates, stimulants (amphetamines and cocaine), an-
tipsychotic agents, and newer antidepressants, especially
bupropion. Medical conditions that can cause seizures in-
clude withdrawal from ethanol and sedative hypnotics, hy-
poxia, hypoglycemia, central nervous system infection or
intracranial bleeding, or an intrinsic seizure disorder
(Chapter 118). Dystonia, muscle rigidity, and dyskinesia
can be confused easily with seizure activity, especially if
they are associated with a decreased level of consciousness.
An isoniazid overdose should be considered in any patient
whose seizures do not responded quickly to conventional
treatment (see later in this chapter).

A drug-overdose patient with a seizure should be evalu-
ated for head injury, unstable vital signs, adequacy of
airway control and ventilations, hypoglycemia (bedside
blood glucose determination), hypoxia (bedside room
air oxygen saturation determination), and the presence
of focal neurologic findings. The nature of the seizures
and the presence of any focal neurologic findings should
be documented. Routine diagnostic studies should in-
clude electrolyte, creatine kinase, glucose, BUN, and crea-
tinine levels. In the appropriate circumstances, specific
drug levels may assist in the diagnosis or treatment. Head
computed tomography or magnetic resonance imaging
should be performed in any patient with focal neurologic
findings or a seizure of unclear cause. A lumbar puncture
should be considered in any patient with suspected cen-
tral nervous system infection or subarachnoid bleeding.

Initial Therapy

Depending on the cause, duration, and number of seizures,
initial therapy may include supplemental oxygen, endotra-
cheal intubation and mechanical ventilation, correction
of hypoglycemia, and treatment of unstable vital signs.
Airway management is very important in these patients,
because they are at risk for hypoventilation and pulmonary
aspiration. Gastrointestinal decontamination should be
considered but can be difficult in patients with seizures.

The approach to and treatment of seizures is de-
scribed in detail in Chapter 118. The discussion here fo-
cuses on seizures in the drug-overdose patient, which are
associated with significant morbidity and mortality rates
and must be controlled aggressively. The drug of choice
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for treating drug-induced seizures is a benzodiazepine. Lo-
razepam (Ativan) is given 1–2 mg intravenously every
5–10 minutes until cessation of the seizures or respiratory
compromise or hypotension occurs. Alternatively, seizures
can be treated with diazepam (Valium) 0.1–0.2 mg/kg
intravenously every 10 minutes until cessation of the
seizures or a total of 30 mg is given. If venous access is not
available, midazolam (Versed) can be given, 0.1 mg/kg in-
tramuscularly; this dose can be repeated in 10 minutes
while venous access is being obtained. If the seizure activ-
ity is not controlled after a maximum dose of a benzodi-
azapine, then phenobarbital 50 mg/min intravenously
should be given until the seizures stop or a total dose of
1,000 mg, or 15 mg/kg, has been given. Phenytoin may
not be as effective as a benzodiazepine or phenobarbital
in controlling drug-induced seizures (13). If a patient is
thought to have a drug-induced seizure resulting from iso-
niazid, pyridoxine (vitamin B6), 1 g intravenously for
every 1 g isoniazid ingested, should be given. If the
amount ingested is unknown, then an initial dose of 5 g
of intravenous pyridoxine should be given and then
repeated until the seizure activity is controlled. In addi-
tion to anticonvulsant therapy, a patient who seizes from
a salicylate or theophylline overdose may require
hemodialysis or hemoperfusion.

If the seizing patient develops a core temperature
�40°C because of prolonged, excessive muscle activity or
rigidity, neuromuscular paralysis and endotracheal intuba-
tion should be considered. These abolish the motor activ-
ity and allow for better control of the temperature (as
described previously) but do not stop any seizure activity
within the brain. Patients who require neuromuscular
blockade for temperature control may need bedside elec-
troencephalographic monitoring or periodic removal of
the neuromuscular paralysis to assess the adequacy of
seizure control. Alternatively, propofol has demonstrated
success in managing refractory status epilepticus and has
the added benefit of rapid titratability (14).

HYPOTENSION

Issues at the Time of Admission

Clinical Presentation

Hypotension can be caused by a number of drug overdoses
and medical conditions. Mechanisms of hypotension in-
clude decreased cardiac function (e.g., decreased contractil-
ity or relative bradycardia), decreased intravascular volume
(e.g., blood and fluid losses or third spacing), decreased
peripheral vascular tone (e.g., arterial or venous vasodilata-
tion), or a combination of these problems. Hypotension
may also accompany hypothermia (Chapter 25). Clinical
findings in patients with hypotension stem from decreased
perfusion of various organ systems and may include an

altered level of consciousness, cool and moist skin, tachyp-
nea, tachycardia, nausea, and decreased urine output.
Overdoses that cause a decrease in the intravascular volume
or peripheral vascular tone are usually associated with
some degree of tachycardia. Hypotension with a relative
bradycardia is suggestive of certain drug overdoses (see
later in this chapter).

Differential Diagnosis and Initial Evaluation

Drugs whose overdose can cause hypotension by decreasing
cardiac rate and/or contractility include �-blockers, calcium
channel antagonists, cardiac glycosides (e.g., digoxin,
digitalis, oleander), clonidine and other �2-agonists,
organophosphate and carbamate pesticides, procainamide,
quinidine, sedative-hypnotics (e.g., alcohols, barbiturates,
benzodiazepines), and tricyclic antidepressants. Those that
cause hypotension by decreasing intravascular volume in-
clude amatoxin-containing mushrooms, colchicine, and
iron. Overdoses that cause hypotension by decreasing vascu-
lar tone include �2-stimulants (e.g., metaproterenol, terbu-
taline, theophylline), hydralazine, nitrates, prazosin and
related drugs, minoxidil, phenothiazines, and tricyclic
antidepressants. Hypothermia, hyperthermia, hypoxia,
and hypoglycemia also can cause hypotension. Hypoten-
sion with a relative bradycardia suggests an overdose of
sympatholytic agents (e.g., alcohols, barbiturates, �-
blockers, clonidine, and opiates), membrane-depressant
drugs (e.g., propranolol, procainamide, quinidine, and tri-
cyclic antidepressants), calcium channel antagonists, or
cardiac glycosides, or the presence of hypothermia. Elec-
trolyte abnormalities, metabolic acidosis, and other
metabolic disturbances also must be considered.

A drug-overdose patient with hypotension should be
evaluated for adequacy of airway control and ventilation,
other abnormal vital signs, signs of blood loss (including
gastrointestinal sources) or other fluid losses, myocardial
ischemia or infarction (perform a 12-lead electrocardio-
gram), hypoglycemia (bedside blood glucose determina-
tion), hypoxia (bedside room-air oxygen saturation
determination), and focal neurologic findings suggestive of
a spinal cord injury. Routine diagnostic studies should in-
clude electrolyte, glucose, BUN, and creatinine levels. In
the appropriate circumstances, a specific drug level may as-
sist in the diagnosis or treatment. A chest radiograph
should be considered if there is any evidence of pulmonary
edema, cardiac dysfunction, or pneumonia. A sepsis
workup should be considered in any patient suspected of
having an infectious process.

Initial Therapy

The general treatment of hypotension is described in
Chapter 25. This discussion focuses on the treatment of
hypotension in drug-overdose patients, which usually
responds to empiric treatment with intravenous fluids and
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vasopressor agents, but occasionally is refractory to usual
supportive treatment. The volume of the IV fluids given may
need to be reduced in patients with pulmonary edema or a
history of heart failure, but most healthy overdose patients
tolerate an initial intravenous bolus of normal saline 10–20
mL/kg. Additional fluid boluses may be needed and can be
given as long as there is no evidence of volume overload. In
a patient who does not respond adequately to fluids,
dopamine 5–15 mcg/kg/min continuous intravenous
infusion, or norepinephrine 0.1 mcg/kg/min continuous in-
travenous infusion, should be considered. Norepinephrine
may be more effective than dopamine in patients with a tri-
cyclic antidepressant overdose. In addition, hypoxia, hypo-
glycemia, respiratory insufficiency, hypothermia or hyper-
thermia, and metabolic derangements need to be corrected.
Table 121.1 contains information about more specific treat-
ments for certain drug-related causes of hypotension.

VENTRICULAR ARRHYTHMIAS, QRS
WIDENING, OR QT PROLONGATION

Issues at the Time of Admission

Clinical Presentation

Electrocardiogram abnormalities frequently are seen in
drug-overdose patients, and most resolve without sequelae.
The most worrisome abnormalities include ventricular
arrhythmias (including polymorphic ventricular tachycar-
dia), QRS widening (QRS duration �120 ms), and QT pro-
longation (QTc �420 ms) (6).

Differential Diagnosis and Initial Evaluation

Toxicologic causes of ventricular arrhythmias include am-
phetamines, chloral hydrate, cocaine, digitalis glycosides,
phenothiazines, theophylline, tricyclic antidepressants, and
many hydrocarbon solvents. Drug-related QRS widening
can be caused by digitalis glycosides, diphenhydramine,
procainamide, propoxyphene, cocaine, propranolol, quini-
dine, thioridazine, and tricyclic antidepressants. Hyper-
kalemia also needs to be considered as an important cause
of QRS widening. Polymorphic ventricular tachycardia as-
sociated with QT prolongation can occur with therapeutic
use or overdose of many drugs, including quinidine, cis-
apride, amiodarone, methadone, sotalol, venlafaxine, que-
tiapine, thioridazine, droperidol, and haloperidol. Medical
conditions that should be considered in the differential di-
agnosis include acidosis, cardiac ischemia, hypoxia, elec-
trolyte abnormalities (e.g., hypokalemia, hyperkalemia,
hypocalcemia, or hypomagnesemia), and an intrinsic con-
duction defect (see also Chapter 43).

A drug-overdose patient with an abnormal electrocar-
diogram should be evaluated for unstable vital signs,
adequacy of airway control and ventilation, hypoxia (bed-

side room-air oxygen saturation determination), cardiac
ischemia, and the presence of pulmonary edema. Routine
diagnostic studies should include a 12-lead electrocardio-
gram and electrolyte, glucose, BUN, and creatinine lev-
els. In the appropriate circumstances, a chest radiograph
or specific drug levels may assist in diagnosis or treatment.

Initial Therapy

All drug-overdose patients with any electrocardiographic
abnormality need close observation, continuous cardiac
monitoring, and aggressive supportive care. Gastrointestinal
decontamination also should be considered but may be dif-
ficult in the critically ill patient. Ventricular fibrillation and
tachycardia should be treated following the recommenda-
tions of the advanced cardiac life support guidelines (Chap-
ter 43), with a few exceptions. First, ventricular arrhthymias
associated with chloral hydrate, �-agonists, theophylline, or
caffeine poisoning should be treated with �-blockers (e.g.,
esmolol). Patients who may have ingested a tricyclic antide-
pressant or other quinidine-like drugs should not be treated
with procainamide or other Type-I antiarrhythmic drugs. In-
stead, sodium bicarbonate bolus doses should be given
when the QRS duration is greater than 100 ms, or there is
wide complex tachycardia, hypotension, or a terminal R
wave in lead aVR (6). These boluses of sodium bicarbonate
(or hypertonic saline) should be repeated as needed until
QRS narrowing occurs or severe alkalosis or hypernatremia
develops. For polymorphic ventricular tachycardia, adminis-
ter magnesium sulfate 1–2 gm intravenous bolus, followed
by 3–20 mg/h continuous intravenous infusion, and con-
sider overdrive pacing (Chapter 43). For patients with pro-
longed QT intervals, close monitoring, magnesium and
potassium replacement, and avoidance of severe bradycar-
dia are indicated. Table 121.1 contains information about
more specific treatments for certain drug-related causes of
QRS widening or QT prolongation.

MANAGEMENT OF THE 
DRUG-DEPENDENT PATIENT 
IN THE HOSPITAL

Drug dependency or withdrawal can complicate the assess-
ment and treatment of an acutely ill patient. They may in-
terfere with a patient’s perception of pain and make the
evaluation of a painful condition difficult, cause manage-
ment problems for the health care staff, and increase the
risk of complications from the underlying medical condi-
tion. During a hospitalization for an acute medical illness,
the symptoms of the patient’s withdrawal or dependency
should be alleviated while their active medical problems
are treated; the issues relating to their addiction can be
addressed at a later time.

Opiate withdrawal can be manifested by drug craving, ag-
itation, dysphoria, insomnia, gastrointestinal symptoms
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(e.g., nausea, vomiting, diarrhea), piloerection, diaphore-
sis, increased secretions (e.g., tearing, rhinorrhea), and mis-
cellaneous symptoms (e.g., yawning, myalgias) (15). The
withdrawal syndrome can be treated with routinely sched-
uled doses of an opiate, either orally or parenterally, de-
pending on the patient’s condition. The goals are to titrate
the dosage to alleviate withdrawal symptoms, dose on a
regular schedule to prevent the recurrence of symptoms,
and avoid overmedicating the patient.

Withdrawal symptoms from benzodiazepines or ethanol may
include agitation, dysphoria, insomnia, nausea, vomiting,
confusion, hallucinations, hypertension, tachycardia, hy-
perthermia, sweating, or seizures (15). The withdrawal
syndrome can be treated with titrated doses of a benzodi-
azepine (either orally or parenterally, depending on the pa-
tient’s condition) or, in the case of ethanol withdrawal,
phenobarbital. The goal is to titrate the dosage to alleviate
the withdrawal symptoms (e.g., reduce agitation, hyperten-
sion, tachycardia); large doses of parenteral medications
may be required. The approach to alcohol withdrawal is
covered in more detail in Chapter 122.

Abstinence from stimulants (e.g., amphetamines, cocaine)
may be manifested in a “crash” (i.e., profound fatigue and
sleeping for hours-to-days) that develops within hours of
the last drug dosing, followed by a withdrawal syndrome
(e.g., dysphoria, irritability, insomnia, anhedonia) that be-
gins hours or days after the crash (15). Palliative treatment
of symptoms may be considered.

A withdrawal syndrome has been seen after stopping the
chronic use of gamma-hydroxybutyric acid, which clini-
cally is similar to sedative-hypnotic withdrawal. It may be
associated with agitation, dysphoria, insomnia, confusion,
and hallucinations, but appears to involve less autonomic
hyperactivity (e.g., tachycardia, hypertension, hyperther-
mia, sweating) than withdrawal from other sedative agents.
Symptoms may be relatively mild initially, become more
severe over a few days, and then last for a week or more (2).
The symptoms of gamma-hydroxybutyric acid withdrawal
may be very resistant to treatment with benzodiazepines
and antipsychotic agents. As with a sedative-hypnotic with-
drawal syndrome, the goal is to titrate treatment to reduce
the agitation, hypertension, and tachycardia if these are
present. Other commonly used drugs that are known to
cause a withdrawal syndrome include barbituates, cariso-
prodol (soma), and lioresal (baclofen).

COST CONSIDERATIONS AND
RESOURCE USE

Frequent clinical reassessment is the best strategy for ap-
propriately deploying resources in a hospitalized drug-
overdose patient. This allows for the timely discontinuation
of treatment modalities and high-acuity monitoring that
are no longer needed. Conversely, if the patient is not im-
proving as expected or has deteriorated, more aggressive

care, such as hemodialysis or use of a specific antidote, can
be started quickly. Initiating this therapy as soon as the
need arises can reduce the potential risk for an adverse out-
come, decrease the total length of hospital stay, and help to
optimize the resources used. If there is a possible need for
a specific antidote, it is important to ensure that the hospi-
tal pharmacy has access to an adequate supply to treat an
average adult for 24 hours. Antidotes that are frequently in
short supply included antivenoms (snake or black widow
envenomations), pralidoxime (organophoshorus agents),
and pyridoxine (isoniazid). An inadequate supply of a
specific antidote can prolong hospitalization and increase
the overall use of resources needed to care for a drug-
overdose patient.

KEY POINTS

■ Supportive care is adequate for most overdose patients.
■ A drug overdose is often a dynamic process with sudden

changes in clinical condition, and patients need to be
closely monitored and frequently reassessed.

■ Adequate gastrointestinal decontamination minimizes
the amount of drug or poison absorbed and reduces the
severity of the overdose.

■ Be aware of common toxidromes (including anticholin-
ergic, sedative-hypnotic, sympathomimetic, and with-
drawal syndromes) so that treatment may be tailored
appropriately.

■ Drugs that are slowly or erratically absorbed may have
delayed onset of toxicity.

■ Avoid treatment modalities of questionable benefit.
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Acute Alcohol 

Intoxication and 

Alcohol Withdrawal
Robert H. Lohr

INTRODUCTION

Alcohol abuse and dependence are common. Surveys sug-
gest that as many as 15 million Americans are affected
adversely by their alcohol consumption. One result is
almost 1 million alcohol-related hospitalizations per year
in the United States. The economic cost of alcohol abuse in
the United States exceeds $185 billion annually. Between
15%–20% of patients admitted to general medical and sur-
gical wards in community and teaching hospitals abuse al-
cohol, but many patients with alcohol problems are not di-
agnosed at admission (1). Because of the prevalence of
alcohol abuse and dependence, the U.S. Preventive Services
Task Force recommends screening all adolescent and adult
patients as part of routine preventive services (2). All physi-
cians providing hospital care encounter patients who man-
ifest the signs and symptoms of acute alcohol intoxication
and alcohol withdrawal syndrome (AWS).

This chapter only briefly discusses acute alcohol intoxi-
cation because this is most often treated in outpatient detox-
ification centers. Some patients, however, do require
hospitalization because of profound central nervous system
(CNS) depression secondary to alcohol intake, often in as-
sociation with other ingestions. More commonly, patients
are admitted with other primary medical or surgical diag-
noses and develop signs of alcohol withdrawal several days
after admission, when their regular alcohol consumption
ceased. Screening all patients for alcoholism, recognizing
the signs and symptoms of AWS, and initiating treatment
using current, evidence-based approaches is emphasized.

Untreated delirium tremens and severe alcohol intoxication
can be fatal, although if recognized and treated appropri-
ately they should rarely, if ever, result in death.

ACUTE ALCOHOL INTOXICATION

Issues at Admission

Alcohol intoxication can play a role in any hospital admis-
sion and frequently is listed as a secondary diagnosis in the
emergency department. This is especially true of trauma
admissions. With the advent of community-based detoxifi-
cation centers, it is uncommon to admit a patient with the
sole diagnosis of alcohol intoxication; however, the non-
habitual drinker (such as an adolescent or a college stu-
dent) who binge drinks may require supportive care in the
hospital or the ICU (3). The pharmacology of alcohol is
complex, and our understanding of it is still evolving. Al-
cohol is absorbed rapidly from the stomach and small in-
testine and is distributed in total body water. The onset of
its clinical effect is 5–10 minutes after ingestion, with peak
concentrations in the blood occurring after 30–90 minutes.
Metabolism is primarily (90%) by the liver; the balance is
excreted by the lungs, kidneys, and in sweat.

The clinician should understand that alcohol is a global
CNS depressant. Transmitter release and conduction are
depressed throughout the CNS. In the setting of acute
alcohol intoxication, patients are somnolent, with im-
paired reflexes, slowed respiratory rate, and eventually

122
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coma. Patients who drink habitually can compensate for
the depressant effects of alcohol through increased auto-
nomic activity. They may appear alert and without obvious
functional impairment despite high blood-alcohol concen-
trations (BACs). Symptoms of alcohol withdrawal result if
alcohol is withdrawn or decreased, at which time compen-
satory autonomic hyperactivity becomes apparent. The
clinical effects of alcohol depend on age, sex, comorbid
conditions, dosage, and, importantly, the individual pa-
tient’s drinking history. A nontolerant drinker experiences
symptoms at a much lower BAC than a tolerant or habitual
drinker. The spectrum of symptoms begins with mild eu-
phoria and disinhibition, followed by slurring of speech
and incoordination. Patients may become belligerent as
the BAC increases, although ultimately somnolence and
respiratory depression occur. Unfortunately, the BAC is not
helpful in determining which patients will do well at an
outpatient detoxification center and which should be ad-
mitted to the hospital. In the nontolerant drinker, high
BACs correlate somewhat better with severity of intoxica-
tion. The lethal dose of alcohol for any patient is 5–8 g/kg.
For children, it is approximately 3 g/kg, in part because they
are generally nonhabitual drinkers.

The differential diagnosis for acute alcohol intoxication
includes all diagnoses that might cause acute confusion
progressing to coma (Chapter 115). The history of alcohol
consumption is paramount. Other ingestions, concurrent
metabolic perturbations, head trauma, infection, and acid-
base or electrolyte disturbances all may present a similar
picture. In addition, alcohol intoxication may be accompa-
nied by other drug ingestions (Chapter 121). A complete
history using all potential sources (especially family and
friends), a physical examination, and laboratory data, in-
cluding measurement of the BAC and drug screening, are
critical to establishing the diagnosis.

The decision to admit the patient is based on how clini-
cally intoxicated the patient appears, in conjunction with
the BAC. One also should bear in mind that the BAC may be
increasing at the time of initial evaluation; thus, continuing
evaluation is important. Comorbid conditions often take
precedence in determining who is admitted to the hospital
and who may be discharged to a detoxification center.

Issues During Hospitalization

The treatment of a patient with alcohol intoxication is
supportive. Alcohol is not adsorbed by charcoal; therefore,
gastrointestinal decontamination is of no value unless
some additional toxin has been ingested. Rehydration and
repletion of electrolytes, maintaining perfusion and urine
output, are essential. Hypoglycemia frequently occurs as a
result of poor oral intake and decreased glycogen stores. In-
travenous administration of fluid containing dextrose and
blood glucose monitoring are especially important because
the signs of hypoglycemia may be difficult to detect. Me-
tabolizing alcohol results in increased concentrations of

acetate, pyruvate, �-hydroxybutyrate, and lactate, all of
which may contribute to metabolic acidosis. Usually, ade-
quate hydration helps to promptly clear these anions in
patients with normal renal function. Patients with severe
respiratory depression and hypoventilation should be con-
sidered candidates for assisted ventilation. Any patient who
is unable to maintain a patent airway should be intubated.
Many intoxicated patients are hypothermic because of the
vasodilation that results from alcohol ingestion. Such pa-
tients should be rehydrated and rewarmed. Frequently, car-
diac arrhythmias are seen in intoxicated patients. Gastritis
and pancreatitis are also commonly observed with alcohol
intoxication and should be treated as in any other patient
(Chapters 80 and 86). Finally, hemodialysis should be
considered for the patient with an extremely high BAC
(greater than 5–6 g/kg) if the patient is not responding to
more conservative measures.

If a patient has attained hemodynamic, metabolic, and
thermal stability, transfer to an outpatient detoxification
facility is appropriate. As at admission, comorbid condi-
tions may dictate the timing of discharge. Further follow-
up and counseling regarding alcohol abuse are addressed
in the next section.

ALCOHOL WITHDRAWAL

Issues at the Time of Admission

The symptoms of alcohol withdrawal are nonspecific. Dif-
ficulty establishing the diagnosis is compounded by prob-
lems identifying patients at risk. Patients admitted to the
hospital with virtually any primary diagnosis may develop
AWS once their alcohol consumption is stopped abruptly
at the time of admission. Patients with a prior history of
AWS may be prone to developing it again, a phenomenon
called kindling (4). This aspect of the past history is critically
important. Many patients and families are reluctant to
openly discuss their alcohol consumption and, even when
asked about it directly, deny or minimize it.

Quantifying alcohol consumption (Table 122.1) is the
first step in identifying patients with possible alcohol
abuse and dependence. The CAGE questionnaire is a
proven, simple screening test for alcoholism, which can
be used in conjunction with quantity questions (5). The
brevity and simplicity of these questions make them

1244 Section XV: Toxicology and Allergy

TABLE 122.1
ALCOHOL CONTENT OF COMMON DRINKS

Drink Alcohol content

1 can of beer 1 ounce of alcohol
4 ounces of wine 1 ounce of alcohol
1 mixed drink or cocktail 1.5–2 ounces of alcohol
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especially useful for the busy hospital-based physician
admitting multiple patients (Table 122.2). More than 2
positive responses highly correlates with a diagnosis of al-
coholism and should identify patients who may develop
alcohol withdrawal during their hospitalizations. All ado-
lescent and adult patients should be screened for alcohol
abuse at admission. A follow-up interview is important
for suspected cases.

The Diagnostic and Statistical Manual of Mental Disorders,
4th ed. (6), defines alcohol withdrawal as:

1. Cessation or reduction in alcohol use that has been
heavy and prolonged.

2. Two or more of the following developing within several
hours to several days after No. 1: autonomic hyperactiv-
ity (e.g., sweating or pulse greater than 100); increased
hand tremor; insomnia; transient visual, tactile, or audi-
tory hallucinations or illusions; nausea or vomiting;
psychomotor agitation; anxiety; and grand mal seizures.

3. The symptoms and criteria in No. 2 causing clinically
significant distress or impairment in social, occupa-
tional, or other important areas of functioning.

4. The symptoms not resulting from a general medical
condition and not better accounted for by another men-
tal disorder.

The symptoms of alcohol withdrawal occur if the concen-
tration of alcohol in the CNS decreases in habitual drinkers.
The patient, over time, has developed compensation for the
depressant effects that alcohol has on the CNS. The media-
tors of this compensation are multiple and include �-
aminobutyric acid, norepinephrine, cortisol, and others
(7). If alcohol levels decrease, the compensatory mecha-
nisms, particularly autonomic hyperactivity, become evi-
dent as symptoms and signs of alcohol withdrawal.

Presentation of AWS can be early (less than 48 hours
since the last drink) or late (greater than 48 hours since last
drink), as well as major and minor (Figure 122.1). It is im-
portant to understand that early findings can be similar to
late findings. Alcohol withdrawal is a continuum occurring
over the course of days, with increasing levels of autonomic
hyperactivity. The presence or absence of delirium deter-
mines severity. The low-grade fever, tachycardia, tremu-

lousness, insomnia, and agitation of early withdrawal can
proceed to delirium, complicated by profound hyperten-
sion, tachycardia, and tremors.

Some patients experience alcoholic hallucinosis, auditory
or tactile hallucinations that occur with an otherwise clear
sensorium. This might be seen in a patient with moderate
withdrawal who is alert and oriented but is complaining of
“things crawling under my skin.” Conversely, hallucina-
tions of delirium tremens typically are visual and are never
seen in the absence of disorientation.

The differential diagnosis for patients beginning to expe-
rience alcohol withdrawal is broad. Sepsis, hypoglycemia,
hyponatremia, pneumonia, myocardial ischemia, pul-
monary embolus, head trauma, and medication reactions
are but a few of the alternative explanations for agitation,
tachycardia, fever, and tremor of early AWS. If nurses or
physicians note these changes during a hospitalization, a
careful evaluation should ensue. As always, reviewing or
augmenting the history is critical and may be the most im-
portant step. Review of the patient’s record, paying special
attention to any recent trauma and medication changes, can
provide valuable information, as can a focused physical and
neurologic examination. Signs of trauma, focal neurologic
findings, chronic liver disease, and infection can help narrow
the differential diagnosis. Finally, laboratory data can help
establish a diagnosis. Plasma glucose, electrolytes, renal and
liver function tests, calcium, arterial blood gases, electrocar-
diogram, and, in the febrile patient, appropriate cultures
should be performed (Table 122.3). AWS is ultimately a di-
agnosis of exclusion buttressed by a history of habitual al-
cohol consumption. Keeping the differential diagnosis
broad and performing a careful evaluation is the only way
to make the correct diagnosis consistently. Identification of
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TABLE 122.2
CAGE QUESTIONS HELPFUL FOR SCREENING
ADOLESCENT AND ADULT PATIENTS

C: Have you felt you should cut down on your alcohol
consumption?

A: Has your drinking annoyed your spouse/significant
other/family?

G: Have you felt guilty about your drinking?
E: Have you ever had an “eye opener” (drink in the morning to

“get the day started”)?

Figure 122.1 Characteristics of alcohol withdrawal. Adapted
from Turner RC, Lichstein PR, Peden JG Jr, et al. Alcohol
withdrawal syndromes: a review of pathophysiology, clinical
presentation, and treatment. J Gen Intern Med 1989;4:432–444,
with permission.
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the patient at risk speeds this process. Increased severity of
AWS has been associated with delay in making the correct
diagnoses (8).

Evaluation of patients in the emergency department
setting can proceed much as it would for patients already
admitted to the hospital. An additional issue, however, is
when and if patients should be admitted to the hospital
rather than treated for alcohol withdrawal in an outpatient
setting. There have been multiple attempts to identify risk
factors for more severe alcohol withdrawal, although only
general recommendations can be made. Patients with
concomitant medical or surgical illness tend to have more
severe alcohol withdrawal (8, 9). Patients who have had
longer drinking histories and previous episodes of
withdrawal and seizures are at higher risk for withdrawal
(kindling). Although there are no strict guidelines about
who to admit, objectively assessing patients can be
extremely helpful in determining the severity of the
withdrawal symptoms. A patient with full-blown delirium
tremens merits admission. In addition, comorbid condi-
tions complicating the alcohol withdrawal also lower the
threshold for inpatient treatment. Pregnancy is another
indication for admission, and patients for whom no
outpatient follow-up can be arranged should be managed
initially as inpatients. Objective assessment of the severity
of AWS is the best way to make rational admission
decisions.

Issues During the Course of Hospitalization

The goals of treatment of AWS are amelioration of symp-
toms and prevention of complications. Historically, deci-
sions regarding admission, type, and level of care were
empiric. Now there are tools available to allow objective as-
sessment of patients going through AWS. The instrument
most widely used is the Revised Clinical Institute Withdrawal
Assessment for Alcohol Scale (CIWA-Ar) shown in Table 122.4

(10). This instrument facilitates reproducible scoring of the
symptoms of AWS. Typically, a baseline is established, and
the patient is reassessed at frequent intervals (every 1–2
hours initially, and then every 2–4 hours). The total score
establishes the severity of withdrawal. A score of �10
generally merits observation or supportive treatment, such
as a family member reassuring the patient in a quiet room.
Scores �10 merit immediate pharmacologic intervention.
Importantly, patients with previous episodes of alcohol
withdrawal and previous alcohol withdrawal seizures
should be treated at scores �10 because of their propensity
to have severe withdrawal. The CIWA-Ar scale can be used
with minimal prior experience and training in its adminis-
tration. Its results are reproducible and reliable in both
chemical dependency units and medical settings (11–14). As
treatment progresses, the scores help direct therapy and can
be used to determine if more intensive therapy and moni-
toring, as in an ICU, are required (Figure 122.2). Although
many agents, including alcohol itself, have been used to
modify the symptoms of AWS, benzodiazepines are the only
agents repeatedly shown in multiple, randomized controlled
trials to be effective (12). They are the drugs of choice and
should be first-line therapy. Benzodiazepines are cross-toler-
ant with alcohol in the CNS. They can be given safely to sub-
stitute for alcohol and then tapered rapidly as the with-
drawal symptoms abate.

The autonomic hyperactivity of AWS requires large
doses of benzodiazepines at the outset of treatment, a
concept called front-loading. Typically, up to 100 mg of
chlordiazepoxide or 20 mg of diazepam is prescribed as an
initial dose. Patients with AWS generally tolerate these
large doses well because of underlying autonomic hyperac-
tivity. Dosing and subsequent therapy historically have
been on a fixed dose schedule (e.g., chlordiazepoxide 100
mg every 6 hours for four doses, then 50 mg every 6 hours
for four doses, and so forth). Although this method is gen-
erally effective, it has been established that a symptom-trig-
gered approach (Symptom Triggered Therapy, STT) (12) is just
as effective and may, in fact, be advantageous. The fixed
dosage regimens can potentially result in oversedation,
putting patients at risk for aspiration and a prolonged
treatment course. By repeatedly assessing the patient with
the CIWA-Ar scale, and adjusting the benzodiazepine
dosing according to the patient’s response to treatment,
the episode of withdrawal can be managed safely and
effectively.

The body of evidence supporting the use of STT is grow-
ing. A 1994 study (13) from a chemical dependency unit
found that STT was associated with a significant decrease
in benzodiazepine required for treatment (100 mg, vs.
425 mg of chlordiazepoxide in controls) and duration of
treatment (9 hours vs. 68 hours). A 2001 Mayo Clinic ret-
rospective study (11) of medical inpatients treated for
AWS with STT vs. usual care found similar benzodiazepine
dosages and durations of treatment in both groups but 
significantly less deliriuim tremens in the STT group. Fi-
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TABLE 122.3
SUGGESTED LABORATORY EVALUATION FOR
PATIENTS SUSPECTED OF HAVING ALCOHOL
WITHDRAWAL SYNDROME

Plasma glucose
Electrolytes
Renal function tests (creatinine, blood urea nitrogen)
Liver function tests (aspartate aminotransferase, alanine amino-

transferase, alkaline phosphatase, bilirubin)
Calcium
Arterial blood gases
Electrocardiogram
Appropriate cultures or radiographs in the febrile patient
Appropriate imaging if trauma suspected, including computed

tomographic scan of the head as indicated
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TABLE 122.4
CIWA-AR QUESTIONS

Nausea and vomiting
Ask: “Do you feel sick to your stomach?
Have you vomited?”
Observation

0 No nausea and no vomiting
1 Mild nausea with no vomiting
2
3
4 Intermittent nausea with dry heaves
5
6
7 Constant nausea, frequent dry heaves,

and vomiting

Tremor
Arms extended and fingers spread apart.
Observation

0 No tremor
1 Not visible, but can be felt fingertip to

fingertip
2
3
4 Moderate, with patient’s arms

extended
5
6
7 Severe, even with arms not extended

Paroxysmal Sweats
Observation

0 No sweat visible
1 Barely perceptible sweating, palms

moist
2
3
4 Beads of sweat obvious on forehead
5
6
7 Drenching sweats

Anxiety
Ask: “Do you feel nervous?”
Observation

0 No anxiety, at ease
1 Mildly anxious
2
3
4 Moderately anxious or guarded, so

anxiety is inferred

5
6
7 Equivalent to acute panic states as

seen in severe delirium in acute
schizophrenic reactions

Agitation
Observation

0 Normal activity
1 Somewhat more than normal activity
2
3
4 Moderately fidgety and restless
5
6
7 Paces back and forth during most of

the interview or constantly thrashes
about

Tactile Disturbances
Ask: “Have you any itching, pins and
needles sensations, burning, or numbness,
or do you feel bugs crawling on or under
your skin?”
Observation

0 None
1 Very mild itching, pins and needles,

burning, or numbness
2 Mild itching, pins and needles, burning,

or numbness
3 Moderate itching, pins and needles,

burning, or numbness
4 Moderately severe hallucinations
5 Severe hallucinations
6 Extremely severe hallucinations
7 Continuous hallucinations

Auditory Disturbances
Ask: “Are you more aware of sounds
around you? Are they harsh? Do they
frighten you? Are you hearing anything that
is disturbing to you? Are you hearing things
you know are not there?”
Observation

0 Not present
1 Very mild harshness or ability to

frighten
2 Mild harshness or ability to frighten

3 Moderate harshness or ability to frighten
4 Moderately severe hallucinations
5 Severe hallucinations
6 Extremely severe hallucinations
7 Continuous hallucinations

Visual Disturbances
Ask: “Does the light appear to be too
bright? Is its color different? Does it hurt
your eyes? Are you seeing anything that is
disturbing to you? Are you seeing things
you know are not there?”
Observation

0 Not present
1 Very mild sensitivity
2 Mild sensitivity
3 Moderate sensitivity
4 Moderately severe hallucinations
5 Severe hallucinations
6 Extremely severe hallucinations
7 Continuous hallucinations

Headache, Fullness in Head
Ask: “Does your head feel different? Does
it feel like there is a band around your
head?” Do not rate for dizziness or
lightheadedness. Otherwise, rate severity

0 Not present
1 Very mild
2 Mild
3 Moderate
4 Moderately severe
5 Severe
6 Very severe
7 Extremely severe

Orientation and Clouding of Sensorium
Ask: “What day is this? Where are you?
Who am I?”
Observation

0 Oriented and can do serial additions
1 Cannot do serial additions or is

uncertain about date
2 Disoriented for date by no more than 2

calendar days
3 Disoriented for date by more than 2

calendar days
4 Disoriented for place and/or person

This scale is not copyrighted and may be used freely.
CIWA-Ar, Revised Clinical Institute Withdrawal Assessment for Alcohol Scale.

nally, a Swiss study recently reported (14) a randomized
trial corroborating the safety and efficacy of STT in chemi-
cal dependency units (Figure 122.2).

Other agents can be used as alternatives to benzo-
diazepines, including phenobarbital, nitrous oxide, 
carbamazepine, and valproic acid. None have any distinct

advantages over the benzodiazepines (although anticonvul-
sants may reduce the risk of seizure), and none have been
studied or used as extensively. Although all benzodiazepines
can be effective in managing AWS, the short-acting prepara-
tions (e.g., lorazepam, oxazepam) may be preferable in pa-
tients with severe hepatic dysfunction or in the elderly.
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Adjunctive Treatment: Thiamine, 
Magnesium, Vitamins, �-Blockers, 
Centrally Acting �-Agonists

Wernicke’s encephalopathy is a preventable, thiamine-depen-
dent clinical complex of 6th cranial nerve palsy, ataxia, and
confusion. It can be seen in any thiamine-deficient patient
and thus frequently occurs in alcoholic patients. Thiamine
can be given orally, subcutaneously, intramuscularly, or
intravenously, typically at a dose of 100 mg/d until the
patient is eating adequately. It should be given in larger
doses (1000–1500 mg) to patients with oculogyric crisis.
Dextrose solutions, especially concentrated formulations,
can precipitate acute Wernicke’s encephalopathy in the
thiamine-deficient patient. Therefore, it is important to
administer thiamine to patients receiving concentrated
dextrose.

Many habitual drinkers also are magnesium-deficient.
Hypomagnesemia lowers the seizure threshold. Thus, it is
important to check the magnesium level and replace mag-
nesium if it is low. If the magnesium level is normal,
supplementation is not necessary. A malnourished patient
may benefit from vitamin supplementation, although
routine vitamin supplements are not necessary for most
patients, especially if they are able to eat a nutritionally bal-
anced diet.

�-adrenergic receptor blocking agents (propranolol or
atenolol) have been used successfully to treat symptoms
of AWS. Although �-adrenergic receptor blockers effec-
tively treat many of the symptoms (tremor, tachycardia,
hypertension) of AWS, they do not prevent progression
of symptoms, seizures, or delirium. They are not recom-
mended as monotherapy, because they may mask
progressive symptoms. In selected patients who have
received adequate benzodiazepine coverage but continue to
have increased blood pressure or tachycardia, �-adrenergic
receptor blockers may have an adjunctive role. This is
especially true in patients at risk for cardiac ischemia as
they progress through AWS. Contraindications to the
addition of �-adrenergic receptor blockers, especially bron-
chospasm, should be kept in mind. Clonidine, a centrally
acting �-adrenergic receptor agonist, also can be used ad-
junctively with benzodiazepines for resistant hypertension,

although, as with �-adrenergic receptor blockers, it should
not be used alone. Routine use of either �-blockers or �-
adrenergic receptor agonists is discouraged. Although they
may have a role in selected patients, benzodiazepines
should remain primary therapy, reserving atenolol or
clonidine for the patient in whom blood pressure cannot
be controlled or in the setting of cardiac ischemia or tach-
yarrhymthia (12).

Many patients in alcohol withdrawal are volume-de-
pleted; have concurrent infection, pancreatitis, gastroin-
testinal bleeding, or hepatitis; or have other medical and
surgical diagnoses. These conditions should be treated as in
any other patients with these problems (Chapters 62, 78,
82, and 86).

Complications

Seizures

Alcohol withdrawal seizures occur infrequently, although
in patients with prolonged and heavy drinking (�80–90
days), they may occur in one-third of cases. Typical
alcohol withdrawal seizures occur early in the course of
withdrawal, before the onset of delirium. They are usually
generalized, brief, and self-limited, and, thus, they rarely
require intervention. It is important, however, to evaluate
patients for other contributing causes. Hyponatremia, hy-
poglycemia, subdural hematoma, and CNS infections all
can occur in patients with alcohol withdrawal and all may
predispose to generalized seizures. Patients should un-
dergo a careful neurologic examination, assessment of the
previously mentioned metabolic variables, and brain
imaging. If the patient is febrile, lumbar puncture should
be considered. Neurologic consultation is always appro-
priate in this setting, especially if seizure activity is not
typical for AWS (e.g., focal, multiple, or prolonged
seizures). Chapter 118 contains a general discussion of
seizure management.

Seizures associated with alcohol withdrawal generally
require no treatment beyond the benzodiazepines already
being given for AWS itself. Patients with a known chronic
seizure disorder should be continued on their usual anti-
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Figure 122.2. Suggested treatment protocol for
patients with CIWA Score �10.

CIWA Score

0–9

10–12

15–17

18 or greater

Chlordiazepoxide Dosagea

NONE

25mg orally

75mg orally

100mg orally

Lorazepam Dosagea

NONE

1mg orally or 0.5mg IV

3mg orally or 1.5mg IV

4mg orally or 2mg IV

aUse one medication or the other, not both.
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convulsant regimen, with dosing guided by anticonvulsant
blood levels. Patients with recurrent seizures during the
course of AWS might be considered for anticonvulsant
therapy, although recurrence is unusual enough that the di-
agnosis of alcohol withdrawal seizure should be consid-
ered suspect. Finally, patients with previously documented
alcohol withdrawal seizures may be more likely to have re-
current withdrawal seizures. Some centers would pretreat
these high-risk patients with anticonvulsant agents, al-
though most would use only benzodiazepines aggressively
at the earliest onset of alcohol withdrawal.

Delirium Tremens

Delirium tremens describes extreme autonomic hyperactiv-
ity associated with delirium and hallucinations. It occurs
late in the course of withdrawal (2–4 days or more since last
drink) and represents the most serious form of AWS. Early
use of benzodiazepines usually can prevent progression to
delirium tremens. If withdrawal progresses, though, addi-
tional treatment may be necessary. Haloperidol may be
helpful in reducing hallucinations and confusion, although
it should be used only adjunctively to benzodiazepines.
Haloperidol therapy can lower the seizure threshold. Pa-
tients with delirium tremens can be extremely difficult to
sedate, even with large doses of benzodiazepines. They may
require cardiac monitoring, use of intravenous benzodi-
azepines and, in extreme cases, intubation and paralysis.
Fluid and electrolyte status, intake and output, and renal
function all must be monitored closely.

Arrhythmias

Virtually any cardiac arrhythmia can occur with AWS,
although tachyarrhythmias are most common. They
should be treated as in any other patient; �-adrenergic re-
ceptor blockade can be especially helpful if added to ben-
zodiazepines. Patients at risk for myocardial ischemia
should be placed in an appropriate, monitored setting with
cardiac enzyme, ECG evaluation, and �-blockade (Chap-
ters 37 and 38).

Discharge Issues

By definition, a patient recently treated for alcohol with-
drawal is a habitual drinker who needs to address his or her
addiction to alcohol. The resources and personnel available
to help the hospital physician can range from a social
worker to a complete addiction medicine or substance-
abuse consulting service. Even when sophisticated hospital
resources are unavailable, public health nursing, county 
social-service agencies, local detoxification centers, or a lo-
cal Alcoholics Anonymous chapter may offer counseling
services. Having just completed a course of AWS, many pa-
tients are willing to address their addictions openly and

take steps to curtail their alcohol abuse. Coexistent psychi-
atric diagnoses, especially depression, are common among
alcohol abusers. Formal psychiatric consultation along
with substance abuse counseling can be helpful. The pa-
tient should not leave the hospital without specific follow-
up plans to address alcohol addiction.

Only rarely should patients be dismissed on benzodi-
azepines, unless they are to be followed in a detoxification
center. As a patient is followed with the CIWA-Ar scale in
the hospital, benzodiazepine use should continue to de-
crease and should be stopped once the score is �8 for
24–36 hours. The final decision regarding discharge may
depend on other medical or surgical issues; however, from
the standpoint of alcohol withdrawal, the establishment of
a follow-up plan, stability of vital signs, and consistently
low CIWA-Ar scores are the main criteria for discharge.

COST CONSIDERATIONS AND
RESOURCE USE

Outpatient treatment of both acute intoxication and AWS
are generally available and safe. For AWS, length of stay can
be up to one-third less and cost 10-fold less in outpatient
settings compared with inpatient care. The patient’s overall
levels of intoxication and BAC can help determine which
acutely intoxicated patients can be treated as outpatients. In
the case of AWS, the initial evaluation score and its trend
on subsequent evaluations is helpful. For the patient ad-
mitted to the hospital, the symptom-triggered approach to
alcohol withdrawal has been shown to be safe and effective
in medical settings as well as chemical dependency units,
and to shorten the length of stay and total amount of drug
used in chemical dependency units (13).

KEY POINTS

■ Screen every adolescent and adult patient for alcohol
abuse and the potential for alcohol withdrawal at
admission.

■ Maintain a broad differential and ensure careful and
thoughtful evaluation of the patient presenting with
acute intoxication, as well as alcohol withdrawal.

■ Use the CIWA-Ar scale to assess the patient at diagnosis
and to help guide therapy for AWS.

■ Use a symptom-triggered approach to dosing benzodi-
azepines.

■ Provide for substance abuse or psychiatric consultation
when the acute withdrawal phase has been completed to
help design an appropriate follow-up plan.

REFERENCES

1. Schneekloth TD, Morse RM, Herrick LM, et.al. Point prevalence of
alcoholism in hospitalized patients: continuing challenges of

Chapter 122: Acute Alcohol Intoxication and Alcohol Withdrawal 1249

26410 ch 122  3/11/05  5:27 PM  Page 1249



detection, assessment, and diagnosis. Mayo Clin Proc 2001;76:
460–466.

2. U.S. Preventative Services Task Force. Guide to Clinical Preventative
Services. Baltimore: Williams & Wilkins, 1996.

3. Naimi TS, Brewer RD, Mokdad A, et.al. Binge drinking among US
adults. JAMA 2003;289:70–75.

4. Becker HC. Symposium: the alcohol withdrawal “kindling”
phenomenon: clinical and experimental findings. Alcohol Clin Exp
Res 1996;20:121–124A.

5. Ewing, JA. Detecting alcoholism: the CAGE questionnaire. JAMA
1984;252:1905–1907.

6. American Psychiatric Association. Diagnostic and Statistical Manual
of Mental Disorders, 4th ed. Washington, DC: American Psychiatric
Association, 1994:198–199.

7. Olmedo R, Hoffman RS. Withdrawal syndromes. Emerg Med Clin
North Am. 2000;18:273–288.

8. Ferguson JA, Suelzer CJ, Eckert GJ, et.al. Risk factors for delirium
tremens development. J Gen Intern Med. 1996;11:410–414.

9. Fiellin DA, O’Connor PG, Holmboe ES, et al. Risk for delirium
tremens in patients with alcohol withdrawal syndrome. Subs Abus
2002;23:83–94.

10. Sullivan JT, Sykora K, Schneiderman J, et al. Assessment of alcohol
withdrawal: the Revised Clinical Institute Withdrawal Assessment
for Alcohol scale (CIWA-Ar). Br J Addict 1989;84:1353–1357.

11. Jaeger TM, Lohr RH, Pankratz VS. Symptom-triggered therapy for

alcohol withdrawal syndrome in medical inpatients. Mayo Clin
Proc 2001;76:695–701.

12. Mayo-Smith MF. Pharmacological management of alcohol
withdrawal: a meta-analysis and evidence-based practice guide-
line. JAMA 1997;278:144–151.

13. Saitz R, Mayo-Smith MF, Roberts MS, et al. Individualized
treatment for alcohol withdrawal: a randomized double-blind
controlled trial. JAMA 1994;272:519–523.

14. Daeppen J-B, Gache P, Landry U, et.al. Symptom-triggered vs. fixed-
schedule doses of benzodiazepine for alcohol withdrawal: a ran-
domized treatment trial. Arch Intern Med 2002;162:1117–1121.

ADDITIONAL READING

Fiellin DA, Reid MC, O’Connor PG. Screening for alcohol problems
in primary care. Arch Intern Med 2000;160:1977–1989.

Hersh D, Kranzler HR, Meyer RE. Persistent delirium following
cessation of heavy alcohol consumption: diagnostic and treatment
implications. Am J Psychiatry 1997;154:846–851.

Kosten TR, O’Connor PG. Management of drug and alcohol
withdrawal. New Engl J Med 2003;348:1786–1795.

O’Connor PG, Schottenfeld R. Patients with alcohol problems.
N Engl J Med 1998;338:592–602.

Saitz R, O’Malley S. Pharmacotherapy for alcohol abuse. Med Clin
North Am 1997;81:881–907.

1250 Section XV: Toxicology and Allergy

26410 ch 122  3/11/05  5:27 PM  Page 1250



Index

A
Abbokinase, 511
Abbreviations and medication safety, 158, 159
Abciximab, 338, 349, 350
Abdomen

aortic intramural hematoma and dissection,
472, 475

chest pain, examining patients with, 301
constrictive pericarditis, 450
masses, 761–762
organ involvement in lymphoma patients, 945
pain, 751–754, 755
trauma, 291, 292

Abdominal aneurysms, 774, 775
Abdominal aortic aneurysms, 308, 479, 481–483,

867
Abscesses

appendicitis, acute, 861, 862–863, 863–864
clindamycin, 626
Crohn’s disease, 804, 805, 806
diverticulitis, 864, 865, 866, 867
ileus and bowel obstruction, 879
renal or perirenal, 671, 672

Absence seizures, 1199–1200, 1202–1203
Absolute neutrophil count (ANC), 615
Absolute risk, 54, 55
Absolute risk increase (ARI), 55, 56
Absolute risk reduction (ARR), 54, 55
Acalculous cholecystitis, 378, 599, 600
Acarbose, 753
Accuracy of diagnostic tests, 41
Acebutalol, 400
Acetaminophen

antipyretics, 599
back pain, 1157
community-acquired pneumonia, 639
Crohn’s disease, 805
headache, 1164
hepatic failure, 809, 810, 811, 815, 816
overdose, 1230, 1234, 1235
pain management, 131
peptic ulcer disease, 794
thrombocytopenia, 977
thyrotoxic storm, 1096
ulcerative colitis, 802

Acetaminophen with codeine, 969
Acetazolamide, 942, 977, 1060, 1062
Acetylcholine, 282
Acetylsalicylic acid, 951, 952
Achalasia, 783
Acid-base balance, 413, 488, 489, 522, 527, 1012,

1024, 1055–1065
Acid-fast bacilli (AFB) smear, 656, 663, 664
Acid-inhibitor agents, 793
Acidosis, 245, 250, 1056–1058, 1060–1062, 1063,

1064, 1234
Acquired atrioventricular block, 432–434
Activase, 511
Activated charcoal, 1231, 1232, 1233, 1235
Activated partial thromboplastin time (aPTT),

257, 443, 496, 498, 502, 509, 510, 976
Activated protein C, 204, 497
Activated protein S, 497
Activities

back pain, 1156, 1157, 1158, 1159
cardiac arrest, following, 419

myocardial infarction, acute, 352, 353, 354, 356
pacemakers, 439
seizures, 1205, 1206
syncope, 427, 429, 430

Activities of daily living, 112, 115, 116, 451–452,
935

Acupuncture and pacemakers, 439
Acute chest syndrome, 966, 968, 970–972
Acute coronary syndrome, 52–53, 82, 334
Acute dystonic reaction, 281
Acute fatty liver of pregnancy, 273, 274, 276
Acute humoral rejection, 377
Acute lymphoblastic leukemia, 935, 957
Acute myelogenous leukemia, 929, 930–935
Acute myeloid leukemia, 957
Acute Physiology and Chronic Health Evaluation

(APACHE III), 170, 171
Acute respiratory distress syndrome (ARDS)

antilymphocyte immunosuppressives, 1032
cardiogenic pulmonary edema, differentiating

from, 362
diabetic ketoacidosis and hyperosmolar

hyperglycemic nonketotic syndrome, 1089
liver chemistry abnormalities, 765
mechanical ventilation, 176–177
meningitis, 690
pancreatitis, 856
respiratory failure, 183, 189
sepsis, 203, 205
trauma patients, 293
urinary tract infection, upper, 672

Acute tubular necrosis, 998, 1033, 1034, 1035, 1042
Acyclovir, 746, 785, 811, 846, 934, 959, 962, 998,

1042
Addison’s disease, 1103
Adenoside nucleotides, 1011
Adenosine

pharmacologic stress induction tests, 316
pregnancy, 271
pulmonary hypertension, 572, 573
supraventricular tachyarrhythmias, 397, 398,

399
wide-complex tachycardia, 395

Adhesions, bowel, 874, 876, 879
Adjuvant chemotherapy, 898
Administrative rules and quality improvement, 84
Adrenal crisis, 1104, 1106
Adrenal enzyme inhibitors, 1073
Adrenal insufficiency, 192, 197, 205, 258, 600,

752–753, 1103–1108
Adrenal replacement medication, 813
Adrenal tumors, 469, 1107
Adrenergic states, 356, 364
Adrenocorticotropic hormone (ACTH)

Cushing syndrome, 1071, 1072, 1073
hypopituitarism, 1076
stimulation test, 205, 607, 1101, 1105–1106, 1107
thyrotoxic storm, 1096

Adriamycin, 899, 902, 945
Advance directives, 121–122, 124, 139, 206, 533,

537, 559
Adverse effects

adverse drug effects, 32, 157–159, 300, 417,
424, 428

anti-arrhythmic medications, 404
blood transfusions, 912–915
mechanical ventilation, 178–179

pain medication, to, 133
patient safety, 147–150

Afterload reduction agents, 254, 382, 388
Aggrenox, 1181, 1182
Aggression in patients, 283
Agitation, 143, 144, 1236
Agnogenic myeloid metaplasia, 947, 948, 949,

951, 952
AIDS. See Human immunodeficiency virus (HIV)
Air leaks following lung volume reduction

surgery, 566
Air space (alveolar) disease, 528
Airway management. See also Endotracheal tubes

anaphylaxis, 1222, 1223
anesthesia, 242
hemoptysis, 524
intensive care units (ICUs), 166
mechanical obstruction of upper, 540–541
myxedema coma, 1099
overdose and intoxication, 1237, 1238, 1244
post-subarachnoid hemorrhage, 1192–1193
trauma patients, 288

Akathesia, 281
Alanine aminotransferase (ALT), 762, 763, 764,

765
Alatrofloxacin/trovafloxacin, 638
Albumin level, 100–101, 820, 996
Albumin therapy, 194, 226, 811, 822, 910, 1010
Albuterol, 533, 543, 1052, 1223
Alcohol, isopropyl, 207, 210, 217, 223, 225, 227,

1236
Alcohol use

bacterial meningitis, 683
depression, 1210, 1211
dialysis patients with diabetes, 1024
drug overdose, 1231, 1232, 1235, 1236, 1237,

1238, 1239, 1241
gastrointestinal system, 768, 786
headache, 1164
hepatic failure, 813, 814, 815, 816
hepatitis, 814, 815, 816
hepatomegaly, 760
hypertension, emergent, 463
hypothermia, 607
intoxication and withdrawal, 1243–1249
lightheadedness, 306
palpitations, 304
pancreatitis, 850, 852, 857
pulmonary hypertension, 570
pupillary responses, 1166
relative bradycardia, 608
syncope, 428, 429, 430
trauma patients, 293
urinary incontinence, 1170
withdrawal, 282, 1204, 1205, 1243–1249

Alcoholic hallucinations, 1245
Alcoholic liver disease, 725, 841
Aldesleukin, 903
Aldosterone antagonists, 351, 363, 364, 370, 574
Aldosterone levels, 465, 469, 1059
Alendronate, 785, 786
Alka Seltzer®, 793
Alkaline phosphatase levels, 725, 762, 763, 764,

765, 812, 813
Alkalosis, metabolic, 1058–1060, 1062
Alkalosis, respiratory, 1062–1064
Allen test, 208
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Allergic bronchopulmonary aspergillosis, 592
Allergies and allergic reactions

adverse drug events, 157
anaphylaxis and, 1221–1227
asthma, 539
chronic eosinophilic pneumonia, 554
febrile drug reactions, 600
hematopoietic cell transplantation, 958
HIV infected patients, 724
penicillin antibiotics, 625
thrombolytic therapy, 347–348
transfusions, 913

Allergists, 1224, 1226
Allo-antibodies, 376, 987–988
Allogeneic bone marrow transplantation, 934,

952, 955, 963
Allografts, 375, 376–378, 1029
Allopurinol

acute myelogenous leukemia, 933
anaphylaxis, 1224
gout, 1147, 1148
lymphadenopathy, 889
renal disease, 1011, 1043
renal transplantation, 1031
tumor lysis syndrome, 942, 943

All-trans retinoic acid, 934
�2-agonists, 253, 264, 1239
�-adrenergic agonists, 195–196, 197, 366, 367,

1049, 1248
�/�-blockers, 264
�-blockers, 466, 467, 468, 469, 1041, 1213
�-interferon, 899, 902
�-methyldopa, 977, 1210
Alprazolam, 722, 1213, 1230
Alteplase, 347, 348, 510, 511
Aluminum hydroxide, 942, 943, 1025
Aluminum toxicity, 1023, 1025
Alveolar disease, 528
Alveolar ventilation, 1060, 1061, 1062, 1064
Alveolar proteinosis, 185
Alzheimer’s disease, 1165
Amantadine, 1210
Amicar, 990
Amifostine, 897, 899
Amikacin

aminoglycoside, 625
enterococci, 629
hospital-acquired pneumonia, 648, 649
meningitis, 688
Pseudomonas aeruginosa, 629
tuberculosis, 661

Amiloride, 469, 1051
Amino acids in parenteral nutrition, 107
Aminobiphosphonate, 926
Aminoglycoside antibiotics

acute myelogenous leukemia, 933
coagulation factors, 977
combination therapy, 625
community-acquired pneumonia, 638
Crohn’s disease, 805
cyclosporine and tacrolimus, interaction with,

620
endocarditis, 696, 698
heart transplantations, 379
hepatorenal syndrome, 826
HIV infected patients, 726
hospital-acquired pneumonia, 648, 649
hypokalemia, 1050
IV catheter-associated infection, 707
mechanism of resistance to, 623
necrotizing fasciitis, 679
neutropenic hosts, 617
overview of, 625
peritonitis, bacterial, 824
pregnancy, 277
renal disease, 1002, 1010, 1042
resistant organisms, 628, 629, 630
septic arthritis, 1150
ulcerative colitis, 802
urinary tract infection, upper, 671, 672

Aminoglycoside/polypeptide antituberculosis
drugs, 659

Aminophylline, 256, 534. See also Theophylline
Aminosalicylates, 802, 803, 804, 977
Aminotransferase levels, 725, 812, 813, 815, 843,

844
Amiodarone

cardiac arrest and resuscitation, after, 413, 415,
416

drug overdose, 1240
HIV infection drug regimen, 722
interstitial lung disease, 550, 552
myocardial infarction, acute, 351–352, 356
myxedema coma, 1097
palpitations, 304
post heart transplant surgery, 375
pregnancy, 271
pulmonary function testing, 525
supraventricular tachyarrhythmias, 399, 400,

402, 404, 405, 406, 493
syncope, 425
thyroid disease, 1075, 1095
torsade de pointes, 412
ventricular arrhythmias, 409, 410, 417, 418, 419
warfarin, interfering with, 512
wide-complex tachycardia, 395

Amitriptyline, 134, 1212, 1233
Amlodipine, 470, 573, 574, 722, 1230
Amoxicillin

anthrax, 714
hypogammaglobulinemic hosts, 614, 615
peptic ulcer disease, 794
rash, 1226
resistance to S. pneumoniae, 639
urinary tract infection, 669, 670

Amoxicillin/clavulanate, 534, 616, 669, 677
Amphetamines

central nervous system vasculitis, 1131
chest pain, 300
chorea, 1168
drug overdose, 1230, 1234, 1236, 1238, 1240,

1241
hypertension, emergent, 464
intracranial hemorrhage, 1194
monoamine oxidase inhibitors, 1215
palpitations, 304
seizures, 1204

Amphotericin B
acidosis, metabolic, 1057, 1058
cyclosporine and tacrolimus, interaction with,

620
endocarditis, 698
esophageal disorders, 785
hypokalemia, 1050
IV catheter-associated infection, 707
liver transplant patients, infection prophylaxis

for, 621
meningitis in HIV infected patients, 741
nephrotoxicity, 379, 625
neutropenic hosts, 618–619
renal failure, acute, 1010
urinary tract infection, 669, 670, 672

Ampicillin
action of, 625
anthrax, 714
cholecystitis, 832
combination therapy, 624
diarrhea in gastrointestinal disease, 758
enterococci, 629
Escherichia coli, 628, 629
hypogammaglobulinemic hosts, 614, 615
interstitial lung disease, 550
Listeria infections, 150
meningitis, 687, 688, 689
pregnancy, 276
rash, 1226
Streptococcus pneumoniae, 629
thrombocytopenia, 977
urinary tract infection, 670, 672
vancomycin-resistant enterococci, 630

Ampicillin/clavulanate, 615
Ampicillin/sulbactam

combination therapy, 626
hospital-acquired pneumonia, 648

infected bite wounds, 677
infections in trauma patients, 292
postoperative peritonitis, 265
urinary tract infection, 670, 672

Amplitude of arterial pulses, 307–308
Amputation, 486, 488, 489, 490, 491, 492
Amrinone, 195, 196, 1230
Amyl nitrate, 1231
Amylase levels, 444, 850–851, 854, 856, 857, 935
Amyloid angiopathy, 1194
Amyloidosis, 442
Anabolic steroids, 1168, 1210
Anacin®, 793
Anaerobic metabolism, 456
Anafranil, 1212
Anagrelide, 951, 953
Analgesia. See also Pain; specific medications

anesthesia, 244
back pain, 1157
cardiac arrest and resuscitation, after, 414
diverticulitis, 865
hyponatremia, 1046
joint pain, 1112
neurologic complications in HIV infected

patients, 741
pancreatitis, 853, 854, 855
superior vena cava syndrome, 924
urinary tract infection, upper, 670, 673

Analgesic ladders, 131
Anaphylactoid reactions, 1221, 1222, 1225
Anaphylaxis

allergic reactions and, 1221–1227
distributive shock, 192, 196, 197
penicillin antibiotics, 625
protamine sulfate, 989
wheezing, 519

Anasarca, 451, 1001
Anazolene, 977
Ancef, 292
Ancillary personnel, 27–29, 63, 64–65, 88,

94–95, 165, 166
Anemia

acute myelogenous leukemia, 930, 931, 932
agnogenic myeloid metaplasia, 948, 952
chemotherapy, 903
chronic disease, 888, 890, 891, 892–893
dialysis patients, 1020, 1023
diffuse alveolar hemorrhage, 551
heart failure, 360, 370
HIV infected patients, 726–727
hypertension, emergent, 468
lightheadedness, 306
peripheral artery disease, 458
pregnancy, 271
preoperative evaluation, 257
renal insufficiency, 1003
rheumatoid arthritis, 1142
signs, symptoms, and laboratory abnormalities,

888, 889–893
Anesthesia

acidosis, respiratory, 1062
drug overdose, 1237
local, 207, 210, 217, 223, 225, 227
myxedema coma, 1097
pregnancy, 271
principles of, 241–246
spinal or epidural, 192
status epilepticus, 1202

Anesthesiologists, 805
Aneurysms, 276, 442, 479–483, 486, 1124,

1189–1193
Angiitis of the central nervous system, 1130–1132
Angina

anxiety, 280
aortic stenosis, 381
heart failure, 361, 369
hypertension, emergent, 468
likelihood ratios, 38
nitrates, 351
noninvasive preoperative ischemia testing, 252
stable and unstable, 329–341
supraventricular tachyarrhythmias, 397

1252 Index

Wachter Index.qxd  3/25/05  10:45 AM  Page 1252



unstable, 250, 382, 383, 424, 429
ventricular arrhythmias and cardiac arrest, 409

Angioedema, 364, 1222, 1223, 1226
Angiography

abdominal injury, 291
acute limb ischemia, 488, 489, 490
aortic intramural hematoma and dissection,

473–474
aortic stenosis, 382
atherosclerotic plaque events, 331
bowel ischemia, acute, 868, 869
peripheral artery disease, 460
pregnancy, 275, 276
pulmonary embolism, 506, 507, 508, 510
subarachnoid hemorrhage, 1190
trauma to extremities, 292
treatment for lower GI bleeding, 777
vasculitis, 1121, 1122, 1123, 1131, 1132

Angiography, coronary
acute pericarditis, 443
angina, 340
chest pain, 303
coronary artery disease, 325, 329, 843
diagnostic tests, 325
donor organs, 374
heart failure, 361, 369, 370
mitral regurgitation, 387, 388

Angioplasty, 379, 488, 490, 491, 492
Angiotensin II receptor antagonists, 272, 364,

366, 370, 379, 1051, 1226
Angiotensin-converting enzyme (ACE) inhibitors

acute coronary syndrome, 82
anaphylaxis, 1222, 1226
aortic regurgitation, 385
cardiac arrest and resuscitation, after, 414
cough, 521, 522
dialysis patients with chest pain, 1021
heart failure, 363–364, 365, 366, 369, 370
hyperkalemia, 1051
hypertension, emergent, 465, 467, 468, 469
laryngeal edema, 189
myocardial infarction, 345, 350, 351, 352, 353,

354, 355, 356, 357
nephrotoxicity, 363, 379
oliguria and anuria, 998, 999, 1000
pancreatitis, 850
pregnancy, 272
pulmonary hypertension, 574
renal disease, 1004, 1015, 1058
right ventricular failure, 368
scleroderma, 1138, 1139
stroke, 1182
ventricular arrhythmias, 410

Angiotensin-converting enzyme levels, 559
Angle of Louis, 307
Anion gap, 1056–1058
Anisoylated plasminogen streptokinase activator

complex, 346, 347–348
Ankle-Brachial Index, 458–459490, 485
Ankylosing spondylitis, 383
Ann Arbor staging system, 938, 939
Annuloaortic ectasia, 481
Annuloplasty rings, 388
Anorexia, 860, 885
Anorexigenics, 570
Antacids, 273, 414, 522, 659, 661, 795, 1018
Anthracycline, 897, 934
Anthrax, 600, 711, 713–714, 714
Anthropometry, 100
Anti Xa heparin levels, 509
Antiarrhythmic agents

acquired atrioventricular block, 433
cardiac arrest and resuscitation, after, 413, 414,

416
classifications of, 400
heart transplant surgery, 375
HIV infection drug regimen, 722
myocardial infarction, acute, 351–352
palpitations, 304
sinus node dysfunction, 431
supraventricular tachyarrhythmias, 402–403, 404
tricyclic antidepressants, 1213

tuberculosis treatment, interactions with, 659
ventricular arrhythmias, 410, 411, 412, 418, 419

Antibiotics
abdominal pain, causing, 753
acute leukemia, 935, 936
acute myelogenous leukemia, 934, 935
anemia, 892
aortic regurgitation, 385
appendicitis, acute, 862, 863, 864
asthma, 543, 546
back pain, 1155, 1156, 1157
bacterial pericarditis, 447, 449
Boerhaave’s syndrome, 787
bowel ischemia, acute, 868, 869
bowel obstruction, 877, 878, 879, 880
cardiac arrest and resuscitation, after, 414
chemotherapy, 898, 903, 905
cholangitis, acute, 835, 837
cholecystitis, 832–833
chronic obstructive pulmonary disease, 534,

535
cirrhosis, 823, 827
coagulation disorders associated with bleeding,

988
combination therapy, 624–625, 626, 628, 629,

630
community-acquired pneumonia, 635,

638–639, 641, 642, 643
computer-assisted ordering, 90
cough, 522
Crohn’s disease, 804, 806
culture results, 610
deep venous thrombosis, 502
dialysis patients, 1022
diarrhea, 758–759
diverticulitis, 865, 866, 867
drug interactions, 796
fever of unknown origin, 607
gastrointestinal disease, 754
hematopoietic cell transplantation, 959
hepatic failure, 811, 814
HIV infected patients, 724
hospital-acquired pneumonia, 647–648, 649,

650, 651, 652, 653
hypogammaglobulinemic hosts, 614, 615
hypokalemia, 1050
hypothermia, 607
inhalation injury, 555
interstitial lung disease, 550, 558, 559
ischemic colitis, 869
limb ischemia, 488, 489, 491
liver transplant nonfunction, 844
major classes of, 625–627
monocytic leukemia, 933–934
neutropenia, 615, 616, 893
pacemakers, 439
palpitations, 304
pancreatitis, 854, 855, 856
peripheral artery disease, 460
pregnancy, 276–277
preoperative evaluation, 254, 255, 256
prophylaxis for subdural hematoma, 1197
prophylaxis for trauma patients, 291, 292
prophylaxis for valvular heart disease, 383,

387, 389, 390
prosthetic heart valves, 390
quality measurement, 82, 83
renal failure, acute, 1012, 1015
renal stone and obstructive disease, 1041
resistance to, 623–631
rheumatological diseases, 1112, 1116
sepsis, 203, 204, 206
septic arthritis, 1149, 1150, 1151
shock, 197
sickle cell disease, 971
solitary pulmonary nodules, 589
spherical mass lesions, 589
testing for H. pylori, 793
thyrotoxic storm, 1096
torsade de pointes, 412
transplant prophylaxis, 620–621
ulcerative colitis, 802, 803

Anticardiolipin antibodies, 500, 574
Anti-CD20 antibody, 985
Anti-CD3 monoclonal antibodies, 961
Anticholinergic agents

asthma, 542, 543
chronic obstructive pulmonary disease, 533
Crohn’s disease, 806
delirium, 257, 1165
depression, 1210
dialysis patients, 1018
drug overdose, 1230, 1237
esophageal disorders, 784, 786
nausea and vomiting in gastrointestinal disease,

756
pupillary responses, 1166
urinary incontinence, 1170
vertigo, 1167

Anticholinergic effects, 1212, 1213, 1214
Anticoagulant therapy

atrial fibrillation, 401, 402
atrial flutter, 403
cardiac catheterization, 325
cardiac stents, 253
cholangitis, acute, 837
deep venous thrombosis, 498, 499–500
gastrointestinal bleeding, 768
hematomas, 761, 762
hemorrhage and abdominal pain, causing, 753
hepatic failure, 811
interstitial lung disease, 550
intracranial hemorrhage, 1194
limb ischemia, 488, 491
medications interfering with, 512
mitral stenosis, 386
pericarditis, 442, 445, 450, 451
pleural effusion, 580
postoperative care, 264, 265, 266, 267
prosthetic heart valves, 390
prothrombin 20210, 983
pulmonary embolism, 523
pulmonary hypertension, 572, 574, 575
scleroderma, 1137
shock, 197–198
spinal cord injuries, 292
superior vena cava syndrome, 923
supraventricular tachyarrhythmias, 403–404,

405
thrombolytic therapy, 348
thrombotic disorders, 982

Anticonvulsant medications
alcohol withdrawal, 1249
chorea, 1168
depression, 1210
HIV patients, 722, 741, 743
neurologic oncologic emergencies, 919
neuropathic pain, 135
renal transplantation, 1031
seizures, 1200, 1201, 1202, 1203–1204, 1204,

1205, 1206
subdural hematoma, 1197
tuberculosis treatment, interactions with, 659

Antidepressants
depression, 1210–1211, 1212, 1213–1216
drug overdose, 1236
esophageal disorders, 784
heart transplantations, 379
hyponatremia, 1046
myxedema coma, 1097
neuropathic pain, 133–135

Antidiabetic agents, oral, 1024, 1082–1083, 1084,
1085, 1089, 1090, 1232, 1234, 1237

Antidiarrheal agents, 758, 802, 806
Antidiuretic hormone

heart failure, 359
syndrome of inappropriate antidiuretic

hormone secretion (SIADH), 588, 591,
1045–1046, 1047, 1076, 1215

urinalysis, 996
Antidromic AVRT, 394, 395
Anti-emetic agents

chemotherapy, 899, 903–904, 905, 906
end-of-life care, 143
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gastrointestinal disease, 756
hematopoietic cell transplantation, 958
neurologic complications in HIV infected

patients, 741
postoperative care, 246, 263–264

Anti-factor Xa levels, 275
Antifungal therapy, 592, 935
Antihistamines

anaphylaxis, 1224
angioedema, 1223
delirium, 257, 1165
drug overdose, 1230, 1236
gastrointestinal disease, 756
palpitations, 304
torsade de pointes, 412
transfusions, 913
vertigo, 1167

Anti-HLA (human leukocyte antigen) antibodies,
913, 987–988

Antihypertensive medications
hypertension, emergent, 465–468
lightheadedness, 306
nephrotoxic effects, 363
oliguria and anuria, 1000
scleroderma, 1139
stroke, 1182
syncope, 424
withdrawal symptoms, 135

Antilymphocyte antibodies, 563
Antilymphocyte globulin, 563, 1031
Antilymphocyte immunosuppressives, 1031, 1032
Antimalarials, 521
Antimicrobial therapy

acute leukemia, 935
endocarditis, 696–697
interpretation of culture results, 610
IV catheter-associated infection, 706, 707
meningitis, 687, 688
organ transplantation, 619–622, 839
scleroderma, 1139

Antineutrophil cytoplasmic antibodies,
1118–1119, 1126

Antinuclear antibodies, 1117
Anti-parkinsonian drugs, 1165, 1168
Antiphospholipid antibodies, 459, 500
Anti-phospholipid antibody syndrome, 1136
Antiplatelet therapy

angina, 337–338, 339, 340
cardiac catheterization, 325
cardiac stents, 253
chronic limb ischemia, 491, 492
myocardial infarction, 52–54, 55–56, 349–350
stroke, 1181–1182

Antiproliferative agents, 1031
Antipsychotic medications, 280–281, 1165, 1168,

1170, 1236, 1237, 1241
Antireflux agents, 783
Antiretroviral agents, 135, 663, 721–723, 735,

742, 894, 1023
Antispasmodic drugs, 806, 457802
Antithrombin deficiency, 981, 982
Antithrombin III, 910
Antithrombin III antibody assay, 459
Antithrombin therapy

angina, 337, 338, 339
myocardial infarction, 345, 350, 356
supraventricular tachyarrhythmias, 404

Antithymocyte globulin, 563, 894, 896, 961
Anti-thymocyte rabbit immunoglobulin, 846
Antithyroid agents, 893, 1070
Anti-Toxoplasma immunoglobulin G, 743
Antituberculosis therapy, 447, 449, 606, 607, 725
Anti-tumor necrosis factor therapies, 1115
Antivenoms, 1241
Antiviral therapy, 935, 1126
Anti-Xa heparin level, 498
Anuria, 998, 999
Anxiety, 279, 280, 306, 429, 522
Aorta, 268, 308, 325, 384
Aortic aneurysms, 442, 479–483, 1124
Aortic diastolic perfusion pressure, 330

Aortic dissection
aneurysms, 480, 481
aortic regurgitation, 383
hypertension, emergent, 464, 468
intramural hematoma and, 471–477
myocardial infarction, 344
pain, 300, 301
pericarditis, 444
pregnancy, 271
radiography, 312
shock, 192
syncope, 425, 429
thrombolytic therapy, contraindication for, 348
ventricular arrhythmias and cardiac arrest, 411

Aortic intramural hematoma, 471–477
Aortic regurgitation, 367, 383–385, 472, 480
Aortic rupture, 291
Aortic stenosis, 254, 271, 369, 381–383, 424,

427, 428, 472
Aortic valves, 333, 472, 476, 480, 481
Aortitis, idiopathic, 479, 480
Aortoenteric fistulas, 481, 774, 775, 776
Aortography, 384, 480
Aortoiliac disease, 458
APACHE II and III scores, 171, 416, 852
Apheresis of whole blood, 907
Aplastic anemia, 895, 896, 931, 932, 956
Appendicitis, acute, 860–864
Apresoline, 467
Ara-C, 902
Arbutamine, 316
Arenaviruses, 716
Argatroban, 345, 350
Arginine vasopressin, 996
ARREST trial, 413
Arrhythmias

alcohol withdrawal, 1249
amiodarone, 1095
antipsychotic medications, 281
arterial pulses, 308
bradycardia and pacemakers, 431–440
cardiogenic shock, 191, 192
chest pain, 300
drug overdose, 1240
echocardiography, 323
heart transplant surgery, 374–376, 377
hyperkalemia, 1052
implantable cardiac defibrillators (ICDs), 355
myocardial infarction, 345, 352, 356
palpitations, 303–306
postoperative care, 264
pregnancy, 271
preoperative evaluation, 254
sudden cardiac death, 345
supraventricular, 393–406
syncope, 425, 426, 427, 428, 429
ventricular, 409–420

Arrhythmogenic right ventricular dysplasia
(ARVD), 412

Arsenicals, 977
Artane, 1213
Arterial blood gases

acid-base balance, 1055–1056, 1060, 1061,
1063, 1064

asthma, 541, 544
chronic obstructive pulmonary disease

(COPD), 532, 535, 536
cyanosis, 520
dyspnea, 523
interstitial lung disease, 557
pancreatitis, 850, 852
pneumothoraces, 582, 584, 585
pulmonary disease with HIV infection, 731, 735
pulmonary embolism, 505, 508
pulmonary function testing, 527
respiratory failure, acute, 184, 185, 186–187

Arteries
dilation and shock, 192
occlusion, 458
peripheral arterial disease, 455–460
pulses, 307–308

puncture and cannulation, 207–209, 210
stenosis, 456, 460, 1123, 1124

Arteriovenous fistula, 1017, 1018, 1022
Arteriovenous graft, 1017, 1018, 1021, 1022
Arteriovenous malformations, 276
Arteritis, 486, 488, 490
Arthritis, 456, 457, 592, 1111, 1113–1114, 1135,

1143–1151
Arthrocentesis, 209–215, 1143, 1146, 1148, 1149,

1150
Artificial tears, 1141
Asbestos, 591, 592
Ascites

cirrhosis, 819, 820, 821–823, 825, 827
constrictive pericarditis, 450
hepatic encephalopathy, 825
paracentesis, 225–226, 821, 822, 823, 960
pulmonary hypertension, 572, 574
spontaneous bacterial peritonitis, 823, 824
tricuspid regurgitation, 389

Aspart insulin, 1082
Aspartame, 1164
Aspartate aminotransferase (AST), 762, 763, 764,

765
Aspergillus infections

hematopoietic cell transplantation, 961–962
immunocompromised hosts, 616, 618–619, 620
lung transplantation, 563, 564
pulmonary disease, 524, 550, 592

Aspiration, pulmonary, 105–106, 188–189, 276,
1181, 1201

Aspiration and irrigation for priapism, 970
Aspiration of pneumothoraces, 583–584, 585
Aspirin

acute coronary syndrome, 82
anaphylaxis, 1222, 1225
angina, 337–338, 339, 340
arrhythmias, 400, 404, 410
bleeding disorders, 977, 986
cardiac arrest and resuscitation, after, 414
chronic myeloproliferative diseases, 951, 952
dialysis patients with chest pain, 1021
gastrointestinal disorders, 773, 778, 786, 789,

794
gout, 1147
headache, 1164
heart transplant surgery, 375
interstitial lung disease, 550
limb ischemia, 491, 492
myocardial infarction, 52–54, 345, 347, 349,

350, 353, 354, 356, 357
nephrotoxic effects, 363
overdose, 527, 1233
pain management, 131
pericarditis, 445, 449
stroke, 1178, 1179, 1180–1181, 1182

Assessment. See also Evaluation; Physical
examination

alcohol withdrawal, 1247
cardiac murmurs, 309–311
cardiac structure and function, 321–325
cardiovascular, 315, 321–325
critical patients in ICU, 168, 170
elderly patients, 112–116
pain, of, 129, 130, 135–136
pre- and postoperative care, 241, 249–258, 261
shock, patients in, 193

Assist-control mode of ventilation, 173, 174
Astemizole, 412, 722, 1213
Asterixis, 1168
Asthma

anxiety, 280
chronic eosinophilic pneumonia, 554
chronic obstructive pulmonary disease

(COPD), 531
exacerbations of, 539–547
multiple pulmonary nodules, 592
physical signs, 518, 519
pregnancy, 272
preoperative evaluation, 256

Asymmetric radiculopathy, 918
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Asystole, 351
Atelectasis, 264–265, 518, 519, 523
Atenolol, 253, 273, 350, 399, 400, 1021, 1230,

1248
ATGAM, 1031
Atheroembolism, 457, 487
Atherosclerosis

cardiac disorders, 330–331, 343
dialysis patients, 1020
HIV infection, 722
peripheral vascular disease, 307–308, 455,

457–458, 459, 485, 486
Athetosis, 1168
Ativan, 1239
Atovaquone, 621, 735, 736
Atrial fibrillation

acute limb ischemia, 488
constrictive pericarditis, 450, 451
dual-chamber pacemakers, 439
elderly patients, 112–113
heart failure, 360
myocardial infarction, 356
pre-operative evaluation, 254
rapid ventricular response, 382
sinus node dysfunction, 431
stroke, 1182
supraventricular tachyarrhythmias, 264,

393–406
valve disorders, 385, 386, 387, 389
warfarin, 350

Atrial flutter, 356, 393–401, 403–406, 431
Atrial natriuretic peptide, 1011
Atrial premature depolarization, 394
Atrioventicular dissociation, 412
Atrioventricular block, 356, 364, 367, 398, 438
Atrioventricular nodal blocking agents, 395, 397,

398, 399, 400, 402, 403, 404, 406
Atrioventricular nodal reentrant tachycardia

palpitations, 304, 305, 306
sinus node dysfunction, 431
supraventricular tachyarrhythmia, 393–394,

395, 396, 397, 398, 399, 403
Atropine, 356, 375, 433, 434, 1166, 1230, 1232
Atypical chronic myeloid disorders, 947
Auras, 1200
Auscultation

acute pericarditis, 442, 443
arterial pulses, 308
heart sounds, 308–309, 311
prosthetic heart valves, 389

Austin Flint murmur, 384
Autoimmune disorders. See also specific 

disorders
depression, 1210
hepatitis, 815
lymphadenopathy, 887, 889
neutropenia, 894
pericarditis, 442, 447

Autologous blood donation, 915
Autologous transplantation of hematopoietic

cells, 955, 963
Automatisms during seizures, 1200
Autonomic nervous system, 306, 374–375, 427,

433, 1090
Azathioprine

anemia, 891
autoimmune disorders, 1137, 1138, 1140
gout, 1147, 1148
graft-versus-host disease, 962
neutropenia, 894
organ transplantation, 376, 563, 564, 1031
pancreatitis, 850
polymyositis/dermatomyositis, 1140
pregnancy, 274, 276
pulmonary disorders, 551, 558
trimethoprim/sulfasoxazole, 620
ulcerative colitis, 802, 803
vasculitis, 1130

Azithromycin, 543, 626, 638, 643, 663
Azotemia, prerenal, 1033
Aztreonam, 626, 687, 688, 832

B
Back pain, 1153–1159
Baclofen, 135, 1241
Bacteria

bacteremia, 254, 255, 671, 694, 699, 703–709
bacteruria, 668, 670
contamination of transfusion products, 913
encapsulated, 614
endocarditis, 592
fever preventing replication, 599
pericarditis, 441, 442, 445, 447, 449
septic arthritis, 1148–1149

Baker’s cyst, 456, 457
Balloon angioplasty, 345, 348, 1192
Balloon valvuloplasty, 369
Barbiturates

anaphylaxis, 1224
cardiac arrest and resuscitation, after, 413
delirium, 1165
depression, 1210
end-of-life care, 141
head trauma, 289
hypothermia, 607
overdose, 1239
pupillary responses, 1166
warfarin, interfering with, 512
withdrawal, 135, 1241

Barcoding, 67, 158
Barium contrast media, 864
Baroreceptors, 359, 424
Barotrauma, 178–179, 189, 545
Barrett’s mucosa, 783, 784, 785
Bartter syndrome, 1050
Basal insulin, 1081, 1082
Basiliximab, 1031
Bayesian reasoning, 37–42, 578–579
B-cell malignancies, 938, 939–940, 941, 945, 963
Beck Depression Inventory, 1211
Bed rest for back pain, 1157, 1158, 1159
Behavior disorders, 1168–1169
Behçet’s disease, 686, 1121
Benadryl®, 1213
Benign esophageal stricture, 782–783
Benign lesions, pulmonary, 587–588, 589–590,

591, 592
Benzodiazepines

alcohol withdrawal, 1246, 1247, 1248, 1249
anxiety, 280
delirium, 257, 263, 1165
depression, 1210
end-of-life care, 141, 182
HIV infected patients, 746
increased intracranial pressure, 1188
overdose, 1230, 1231, 1232, 1234, 1236, 1237,

1239, 1241
pregnancy, 276
seizures, 1201
ulcerative colitis, 802
vertigo, 1167
withdrawal symptoms, 135

Benztropine, 1230
Betadine, 209, 210, 215, 222, 223, 225, 226, 227,

231
�-adrenergic agonists

anaphylaxis, 1223
chest pain, 300
leukocytosis, 894
overdose, 1230, 1234, 1240
pregnancy, 272
shock, 195–196, 197
wheezing, 519

�2-adrenergic agonists
asthma, 541, 542, 543, 544, 545, 546
chronic obstructive pulmonary disease, 533,

534, 535
drug overdose, 1239
potassium disorders, 1049, 1050, 1052

�-adrenergic antagonists
acute coronary syndrome, 82
alcohol withdrawal, 1248, 1249
anaphylaxis, 1223, 1225, 1227

angina, 338, 340, 341
antidepressants, 1215
aortic intramural hematoma and dissection,

475, 476
asthma, exacerbations of, 539
bradycardia relative to fever, 607
cardiac arrest and resuscitation, after, 415
chronic obstructive pulmonary disease, 537
cirrhosis, 827
constrictive pericarditis, 451
dialysis patients with chest pain, 1021
drug overdose, 1230, 1231, 1239, 1240
gastrointestinal bleeding, 773
headache, 1164
heart failure, 363, 364
heart transplant surgery, 375
hepatic failure, 811
hyperkalemia, 1051
hypertension, emergent, 466, 467, 468, 469
mitral stenosis, 387
myocardial infarction, 344, 353, 354, 355, 356,

357
myocardial oxygen consumption, 350–351
pre- and postoperative care, 252, 253, 256, 264
pregnancy, 271, 272, 276
scleroderma, 1137
sinus node dysfunction, 431
supraventricular arrhythmias, 398, 399, 400,

402, 403, 404, 405, 406, 433
syncope, 425, 429
thoracic aortic aneurysms, 481
thyrotoxic storm, 1095–1096, 1097
ventricular arrhythmias, 356, 410, 417, 419

�-lactam antibiotics
bleeding disorders, 977, 986
community-acquired pneumonia, 635, 638,

643
IV catheter-associated infection, 707
neutropenic hosts, 617
overview of, 623, 625–626, 628, 629
seizures, 1204
urinary tract infection, 669

�-lactamase enzymes, 624
�-lactam/�-lactamase agents, 626, 628, 629, 638,

648, 649
�-thalassemia, 965, 966

Betamethasone, 272
Betaxalol, 400
Bethanechol, 268
Bicarbonate and sodium bicarbonate therapy
acidosis, metabolic, 1058
diabetes and hyperglycemia, 1088–1089
dialysis patients, 1024
drug overdose, 1230, 1231, 1232, 1233, 1238,

1240
hepatic failure, 811
hyperkalemia, 1052
nephropathy, preventing, 1012
tumor lysis syndrome, 942
urinalysis, 996

Bile, 829, 830, 846
Biliary disorders, 829–837, 846, 847, 855
Bilirubin

biliary disorders, 829, 830, 834
hepatic failure, 810, 812, 813, 814, 815, 816
liver chemistries, abnormal, 762, 763, 764
organ involvement in lymphoma patients, 945
urinalysis, 996

Biopsies
back pain, 1156
bone marrow, 949, 950, 951
fever of unknown origin, 606
goiter, 1070, 1071
heart transplantation, 376–377, 378, 379
liver, 814, 820
lung, 187, 557, 572, 656, 662
lymphadenopathy, 889
lymphoma, 938
renal, 1009, 1033, 1034, 1035
solitary pulmonary nodules, 588, 589
vasculitis, 1121, 1126–1127, 1131
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Bioterrorism, 711–717
Bipolar disorders, 279, 280
Bird’s Nest filters, 511
Bisacodyl, 879
Bicuspid aortic valve, 383
Bisferiens pulse, 308
Bismuth subsalicylate (Pepto Bismol®), 758, 793,

794, 796, 1233
Bisoprolol, 253, 364, 365
Bites and infection, 675, 676, 679
Bivalirudin, 350
Biventricular pacemakers, 403, 440
Bjork-Shiley single tilting disc valve, 390
Bladders, 226, 670, 1027, 1154
Blast crisis in chronic myelogenous leukemia, 934
Bleach, household, 716
Blebs, pleural, 582
Bleeding. See also Hemorrhage

abdominal pain, causing, 753
antidepressants, 1215
antiplatelet therapy, 52, 53, 56
chronic myeloproliferative diseases, 953
deep vein thrombosis, 496, 499
gastrointestinal, 75, 89–90
intracranial hemorrhage, 1194
lightheadedness, 306
peripheral bypass procedures, 491
rectal, 799, 800, 802, 803, 804
sepsis, 204–205
syncope, 428
thrombolytic therapy, 347, 348
ventricular arrhythmias and cardiac arrest,

causing, 417
Bleeding disorders, 207, 210, 216, 223, 227,

257–258, 524, 975–991
Bleeding time, 976
Bleomycin, 525, 550, 551, 581, 899, 901, 902
Blood

urinalysis, 996
Blood collection, 907
Blood patch following lumbar puncture, 1172
Blood pressure. See also Hypertension;

Hypotension
Ankle-Brachial Index, 458, 459, 460
aortic intramural hematoma and dissection,

474–475, 476
asymmetric, 424, 1123
cardiac arrest and resuscitation, after, 416
dialysis patients, measuring in, 1018
home monitoring, 469
increased intracranial pressure, 1188, 1191,

1192, 1194–1195
status epilepticus, 1201
stroke, 1176, 1179, 1180, 1181, 1182
thoracic aortic aneurysms, 481

Blood transfusions
atypical lymphocytosis, 609
chemotherapy, 903
emergencies, compatibility testing for, 912
gastrointestinal disorders, 769, 771, 774, 802,

803, 805
heart failure, 370
hepatic failure, 811, 813
large volume, complications of, 913
liver transplantation, 843, 844
shock, 194, 198
sickle cell disease, 970, 972–973
splenomegaly, 887
substitutes for, 194, 909
thrombocytopenia, 986
transfusion medicine, principles of, 907–916
transfusion reactions, 615, 958, 1225

Blood typing and cross-matching
ABO typing, 374, 911–912, 1029
gastrointestinal bleeding, 768, 774
hematopoietic cell transplantation, 956
non-ABO antigens, 912
organ transplantation, 374, 1029
platelet disorders, 988
Rh factor, 292, 912
trauma patient assessment, 288

Blood urea nitrogen (BUN)
dialysis patients, 1020
dyspnea, 523
gastrointestinal bleeding, 769
hypertension, emergent, 464
oliguria and anuria, 999
pericarditis, 443, 444
renal disorders, 1002, 1003–1004, 1007, 1009

Blunt trauma, 287, 290–291
Body mass index, 100
Boerhaave’s syndrome, 786–787
Bone marrow toxicity and suppression, 620,

726–727, 898, 1147, 1148
Bone marrow transplantation. See Hematopoietic

cell transplantation
Bosentan, 573, 574–575, 843, 1139
Botulinum injections, 783
Botulism, 715–716
Bowel ischemia, 413
Bowel obstruction, 865, 874, 877, 878
Bowel sounds, 104, 849
Bradyarrhythmias

cardiovascular medicine, 356, 364, 431–440
fever, relative to, 603, 607–608
heart transplant surgery, 375
syncope, 423, 425, 427, 429

Bradycardia-tachycardia syndrome, 400, 401, 425,
431

Breast cancer, 443, 447, 449, 500, 957
Breath sounds, 518–519, 578, 582
Brescia-Cimino fistula, 1017
Bretylium, 356, 410, 419
Bromocriptine, 1238
Bronchiolitis, 185, 540, 555
Bronchitis, 524, 540
Bronchoalveolar lavage, 559, 647, 656, 662
Bronchodilators

anaphylaxis, 1224
asthma, 547
chronic obstructive pulmonary disease, 533,

534, 535, 536, 537
community-acquired pneumonia, 639, 640
cough, 522
dyspnea, 523
hypokalemia, 1050
inhalation injury, 555
interstitial lung disease, 558, 559
preoperative evaluation, 256
pulmonary hypertension, 572
right ventricular failure, 368
spirometry, 526

Bronchoscopy
community-acquired pneumonia, 639
fever, 599
hemoptysis, 524
HIV infection, 734, 737
pulmonary hypertension, 572
respiratory failure, 187
tuberculosis, 656, 662

Bruce protocol for stress electrocardiograms, 317
Brudzinski’s sign, 683
Brugada syndrome, 412
Bruits, 306, 308, 333, 457, 458, 464–465,

1069–1070, 1123
B-type natriuretic peptide (BNP), 185, 534
B-type natriuretic peptide (BNP) levels, 360, 370
Bubonic plague, 715
Bucindolol, 400
Budd-Chiari syndrome, 498, 760, 761, 811, 815
Budesonide, 272, 534
Buerger’s disease (thromboangiitis obliterans),

486, 490, 491
Bufferin®, 793
Bulimia nervosa, 305
Bumetanide, 365, 1002, 1010
Bundle branch block, 312, 340, 344, 348, 356,

367, 389, 435
Bupivacaine, 268
Buprenorphine, 135
Bupropion, 356, 722, 1212, 1213, 1215–1216,

1232, 1238

Burkitt disease, 931, 935, 937, 940–941, 945
Burn care specialists, 1224
Burns and hypovolemic shock, 191, 192
Busulfan, 550, 551, 958
Butyrophenones, 304
Bypass grafts, occlusion of, 487, 489, 490

C
Cachexia, 874
Cadence of arterial pulses, 308
Caffeine, 304, 316, 1050, 1139, 1170, 1236, 1240
CAGE questionnaire, 1244–1245
Calcineurin inhibitors, 1031, 1051
Calcitonin, 925, 926, 1157
Calcium, 113, 326, 1025, 1037, 1038, 1042, 1043
Calcium agonists, 468
Calcium antagonists, 370, 1021
Calcium channel blockers

angina, 338, 340–341, 341
antidepressants, 1213
aortic intramural hematoma and dissection,

476
arrhythmias, 398–399, 400, 402, 403, 405, 433
chorea, 1168
drug overdose, 1230, 1231, 1239
esophageal disorders, 783, 784, 786
headache, 1164
heart transplant surgery, 375
HIV infection drug regimen, 722
hypertension, 466, 467, 470
myocardial infarction, 345, 351, 356
pericarditis, 451
pregnancy, 271, 273
pulmonary hypertension, 573, 574, 575
renal disease, 1004, 1011, 1031
valve disorders, 385, 387

Calcium chloride, 1230
Calcium gluconate, 272, 1052
Calcium leucovorin, 1129
Calcium levels

lymphomas, 943
oncologic emergencies, 924–926
paraneoplastic syndrome, 588
sarcoidosis, 553
spherical mass lesions, 591
torsade de pointes, 412
transfusion reactions, 913
tumor lysis syndrome, 941, 942, 943

Calcium-based binders, 1025
Calorie intake, 1021, 1024
Calorimetry, indirect, 102
Canadian Cardiovascular Society Angina Scale,

250–251, 332
Cancer. See Malignancies; specific types of cancer
Candesartan, 370
Candida infections, 265, 564, 669–670, 672,

784–785, 934
Cannon a waves, 305, 307
Capitated health care systems, 6, 7, 12, 84
Caplan’s syndrome, 592
Capreomycin, 661
Capsaicin, 135
Captopril, 351, 364, 365
Captopril renography, 464, 469
Capture threshold for pacemakers, 435
Carbamate pesticides, 1232, 1239
Carbamazepine

alcohol withdrawal, 1246
anaphylaxis, 1224
antidepressants, 1213
antiretroviral therapies, 135, 722
drug overdose, 1229, 1231
erythematous eruptions, 1226
hypernatremia, 1049
neuropathic pain, 135
pancytopenia, 895
seizures, 1204, 1205, 1206
thrombocytopenia, 977
thyroid disease, 1075
warfarin, interfering with, 512
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Carbapenem antibiotics, 626, 628, 648, 649, 677,
679, 689

Carbon dioxide, 185, 1060
Carbon monoxide, 1231, 1234, 1236
Carbonic anhydrase inhibitors, 1060, 1062
Carboplatin, 900, 901, 902
Carcinoid tumors, 1226
Cardene, 467
Cardiac arrest, 196, 351–352, 395, 409–420
Cardiac biomarkers (enzymes), 443, 444
Cardiac catheterization

angina, 338, 339
aortic stenosis, 381–382
cardiac arrest and resuscitation, after, 413, 414
cardiovascular disease, 325
limb ischemia, 487
lung transplantation, 562
mitral regurgitation, 387
myocardial infarction, 249, 355
pericardial tamponade, 445
pericarditis, 442, 451
pulmonary hypertension, 571, 572
syncope, 426
ventricular arrhythmias, 411

Cardiac enzymes, 413, 414, 447
Cardiac glycosides, 574, 1231, 1239, 1240
Cardiac masses, 323
Cardiac output

cardiac arrest and resuscitation, after, 416, 419
catheterization of right side of heart, 325
heart failure, 359, 360, 361, 367
pericarditis, 451
post heart transplant surgery, 375
pregnancy, 271
right ventricular failure, 368
shock, 191, 192, 193, 197
syncope, 424–425
valvular disorders, 383, 386, 387

Cardiac rehabilitation programs, 341
Cardiac syncope, 425
Cardiac system

antidepressants, 1212, 1215
liver transplant recipients, evaluation of, 843
postoperative care, 264
pregnancy, 271–272
rheumatoid arthritis, 1141
scleroderma, 1138
structure and function, 321–325

Cardiac tamponade
aortic aneurysms, 480
aortic intramural hematoma and dissection,

472, 475
dialysis patients, 1021
extracardiac obstructive shock, 191, 192, 193,

197
oncologic emergencies, 921–922
pericarditis, 441–442, 444–445, 446, 447
post heart transplant surgery, 376
shock, 198
ventricular arrhythmias and cardiac arrest, 411

Cardiac troponin levels, 264
Cardiazem, 467
Cardiogenic shock

cardiac arrest, 419
diagnosis and treatment, 191, 192, 193, 197
heart failure, 359, 360, 362, 366, 367, 370
myocardial infarction, 355
syncope, 428

Cardiologists
aortic aneurysms, 481
aortic stenosis, 382
endocarditis, 697
myocardial infarction, 352, 356
pericardial oncologic emergencies, 921
pericarditis, 451
permanent pacemakers, 438
supraventricular tachyarrhythmias, 400
ventricular arrhythmias and cardiac arrest, 419,

420
Cardiomegaly, 312
Cardiomyopathy

anthracycline agents, 934
cardiogenic shock, 191, 192
echocardiography, 323
heart failure, 359, 368, 369
heart transplantation, 373
preeclamsia, severe, 273
preoperative evaluation, 254
syncope, 424, 427
ventricular arrhythmias and cardiac arrest, 411,

416
wide-complex tachycardia, 395

Cardiopulmonary resuscitation
ethical issues, 121, 122, 123, 124
pregnancy, 271
prolonged or traumatic, 348
ventricular arrhythmias and cardiac arrest,

409–410, 413, 417
Cardiothoracic surgeons, 476
Cardiothoracic surgery, 451
Cardiotoxic agents, 322
Cardiovascular disorders. See also Heart failure;

Myocardial infarction
anaphylaxis, 1222, 1223
angina, 329–341
anxiety, 280
bradycardia and pacemakers, 431–440
B-type natriuretic peptide (BNP), 185
Churg-Strauss syndrome, 1126
cirrhosis, 820, 822
diagnostic tests, 315–327
dialysis patients, 1020–1021
esophageal spasm, differentiating from, 784
heart transplantation, 373–380
pericardial disease, 441–452
signs, symptoms, and laboratory abnormalities,

297–313
subarachnoid hemorrhage, spontaneous, 1191
supraventricular arrhythmias, 393–406
syncope, 423–430
trauma patients, 293
valvular disease, 381–391
ventricular arrhythmias, 409–420

Cardiovascular system
elderly patients, 112–113
hypertension, emergent, 463, 464, 468
myxedema coma, 1098
preoperative evaluations, 237, 249, 250–256

Cardiovascular toxicity, 1201
Cardioversion

atrial tachyarrhythmias, 113, 264, 393, 403
pacemakers, 439
pericarditis, 451
pregnancy, 271
supraventricular tachyarrhythmias, 397, 398,

400, 401–402, 403, 405, 406
synchronized, 356
valvular stenosis, 382, 386
ventricular arrhythmias, 356, 418
wide-complex tachycardia, 395

Carey-Coombs murmurs, 310
Cardiac tamponade

pericarditis, 444–445, 446
Carisoprodol, 1241
Carmustine, 550, 551, 901, 902, 904
Carney’s syndrome, 592
Carotid arteries, examination of, 307–308
Carotid endarterectomy, 257, 1181, 1182
Carotid sinus massage, 397, 433
Cartilage, 627
Carvallo sign, 389
Carvedilol, 364, 365, 400
Caspofungin, 619, 707, 785, 962
Catecholamines, 195–196, 197, 304, 413, 464, 469
Catheters, urinary, 413, 414, 673–674, 859, 1040,

1041, 1042
Cauda equina syndrome, 918, 1153, 1154, 1155,

1156, 1171
Cavitation on chest radiographs, 655, 662
CD4 cell count

HIV-associated lymphomas, 941
meningitis, 740, 742–743, 745, 746

pulmonary disease, 731, 733, 734, 735, 736
tuberculosis, 657, 663

Cefazolin, 620, 621, 1022
Cefepime

hospital-acquired pneumonia, 648, 649
IV catheter-associated infection, 707
meningitis, 687, 688
neutropenic hosts, 617
resistant pathogens, 628, 629
urinary tract infection, 670

Cefixime, 1151
Cefmetazole, 625
Cefotaxime

meningitis, 687, 688, 689, 690, 691
pneumonia, 638, 648
septic arthritis, 1150
spontaneous bacterial peritonitis, 824

Cefotetan, 292, 625, 677
Cefoxitin, 625, 677
Ceftazidime

hospital-acquired pneumonia, 648, 649
IV catheter-associated infection, 707
meningitis, 687, 688
neutropenic hosts, 617
Pseudomonas aeruginosa, 629

Ceftizoxime, 625, 1150
Ceftriaxone, 150

endocarditis, 698, 699
hypogammaglobulinemic hosts, 615
meningitis, 687, 688, 689, 690, 691
peritonitis, 824
pneumonia, 638, 643, 648
septic arthritis, 1150
urinary tract infection, 670, 671, 672

Cefuroxime, 615, 638, 648
Celecoxib, 773
Celexa, 1212
CellCept, 1031
Cell-mediated immunity, 619, 620
Cellular casts in urinalysis, 997–998
Cellular immune dysfunction, 614, 619–622
Cellular rejection, acute, 376, 846
Cellulitis, 675–678, 681, 1143, 1145
Center for Medicare and Medicaid Services, 80,

82, 83, 565
Centers for Disease Control and Prevention (CDC),

84, 630, 631, 708, 712–713, 715, 717
Central nervous system

alcohol, 1243–1244
depression, 1209–1210
heart transplantations, 379
hemorrhage, 1185–1198
hypertension, emergent, 463, 464, 465, 466, 468
infection, 282, 615
oncology, 917, 945–946
Sjögren’s syndrome, 1139, 1140
vasculitis, 1130–1132

Central venous catheters
acute limb ischemia, 488, 490
acute myelogenous leukemia, 932
infection, 703–704, 704, 708, 1021
insertion procedure, 215–222
postoperative care, 261
thrombosis, 990

Cephalosporins
acute myelogenous leukemia, 933
anaphylaxis, 1222, 1224, 1225
anemia, 891
�-lactam antibiotics, 625–626
cellulitis, 676, 677
cholecystitis, 832
chronic obstructive pulmonary disease

(COPD), 534
Crohn’s disease, 805
diarrhea in gastrointestinal disease, 758
hypogammaglobulinemic hosts, 615
meningitis, 687, 688, 689, 690, 691
necrotizing fasciitis, 679
neutropenia, 616, 893
pneumonia, 638, 640, 648, 649
resistant pathogens, 624, 628, 629, 630
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Salmonella infections, 604
spontaneous bacterial peritonitis, 824
trauma patients, 292
ulcerative colitis, 802
urinary tract infection, 670

Cerebral blood flow
cerebral hypoperfusion, 431
hypertension, emergent, 465, 466
increased intracranial pressure, 1185–1186,

1186, 1188, 1194–1195
Cerebral edema, 1089
Cerebral glucose deficiency, 1090
Cerebral hypoxia, 282
Cerebral metastases, 917–921
Cerebral osmotic demyelination, 1046–1047
Cerebrospinal fluid

cardiac arrest and resuscitation, after, 416
central nervous system vasculitis, 1130–1131,

1132
examination of, 1171–1172
hepatic encephalopathy, 825
HIV infected patients, 740, 746
increased intracranial pressure, 1185, 1186
lumbar puncture, 222, 224, 225
meningitis, acute bacterial, 684, 685–686

Cerebrovascular accident. See Stroke
Cerebrovascular disorders, 276, 424, 455
Cerubidine, 902
Cervical spine, 288, 290
CHADS2 index, 400, 402
Chagas disease, 783, 914
Charcot’s triad, 833
Chemotherapy

acute lymphoblastic leukemia, 935
acute myelogenous leukemia, 932, 935
anemia, 892, 893
back pain, 1156
esophageal carcinoma, 783
goals of, 898–899
hematopoietic cell transplantation, 956, 958
Hodgkin’s disease, 941
hypercalcemia, 926
immunocompromised hosts, 613
malignancy post heart transplantation, 380
malignant pericarditis, 449
monocytic leukemia, 933, 934
neurologic oncologic emergencies, 919–920
neutropenia, 615, 893
organ involvement in lymphoma patients, 944
pancytopenia, 895
principles of, 897–906
renal stone and obstructive disease, 1042
superior vena cava syndrome, 923, 924
ulcerative colitis, 801

Chest pain evaluation units, 303, 339, 341
Chest tubes, 580, 581, 583, 584–585, 588
Child-Turcotte-Pugh score, 820, 821, 840
Chlamydia infections, 330, 539, 543
Chloral hydrate, 1240
Chlorambucil, 932, 940, 1137
Chloramphenicol, 687, 688, 714, 895
Chlorates, 521
Chlordiazepoxide, 1230, 1246, 1248
Chlorhexidine, 2% tincture of, 705
Chlorhexidine gluconate, 209, 215, 222, 225,

226, 231, 709
Chlormezanone, 1224
Chloroquine, 1050
Chlorpheniramine, 1230
Chlorpromazine, 143–144, 281, 894, 903, 906
Chlorpropamide, 893, 1024, 1049, 1090
Chlorthalidone, 977
Cholangitis, 829, 830, 833–837, 851, 855
Cholecystectomy, 274, 832–833, 837, 857
Cholecystitis, 300, 344, 378, 752, 754, 829–830,

831–833, 850, 851
Cholecystitis, acalculous, 752, 829, 830, 831, 833
Choledocholithiasis, 830–831
Cholesterol, 829
Cholesterol emboli, 481
Cholesterol levels, 330, 803

Cholestyramine, 512, 813, 1096
Cholinergic agonists, 879
Chordae tendinae, 387, 388
Chorea, 1168
Chronic intestinal pseudo-obstruction, 875
Chronic limb ischemia, 485, 486, 490–492
Chronic lymphocytic leukemia, 929, 930
Chronic myelogenous leukemia, 929, 930, 934,

957
Chronic myeloid leukemia, 947
Chronic myelomonocytic leukemia, 947
Chronic myeloproliferative disorders, 947–953
Chronic neutrophilic leukemia, 947
Chronic obstructive pulmonary disease (COPD)

anxiety, 280
heart failure, 362
lung transplantation and volume reduction

surgery, 561
noninvasive ventilation, 175, 176, 187, 190
pneumothorax, 582
preoperative evaluation, 256
pulmonary medicine, 531–537
respiratory failure, acute, 188
wheezing, 519

Chronic thromboembolic pulmonary
hypertension, 569, 570, 571, 572, 574

Chronotropic agents, 371, 375
Churg-Strauss syndrome, 550, 592, 1118, 1126,

1128, 1129
Cimetidine

chemotherapy, 900
chorea, 1168
creatinine levels, 1003
delirium, 1165
depression, 1210
drug interactions, 796
headache, 1164
nephrotoxic effects, 363
peptic ulcer disease, 793
pregnancy, 273
radiocontrast allergies, 1225
thrombocytopenia, 977
warfarin, interfering with, 512

Cinefluoroscopy, 389
Ciprofloxacin

anthrax, 714
cirrhosis with ascites, 823
fluoroquinolone antibiotic, 627
meningitis, 686, 688
necrotizing fasciitis, 677, 679
neutropenic hosts, 616
pneumonia, 638, 648, 649
prophylaxis for renal transplant patients to

prevent urinary tract infections, 621
Salmonella infections, 604
septic arthritis, 1151
urinary tract infection, 669, 670, 672
warfarin, interfering with, 512

Ciprofloxacin XR, 669
Cirrhosis, 570, 768, 770, 771, 819–827, 847
Cisapride, 304, 412, 879, 1213, 1240
Cisplatin, 899, 900, 901, 902, 903, 904, 906, 977,

1050
Citalopram, 1212
Citrate-based alkalinizing agents, 1024, 1025,

1058
CK-MB levels, 337, 339, 352
Clarithromycin, 304, 626, 638, 643, 663, 714,

794, 796
Classification of lymphoma, 938, 939
Claudication, 456–457, 458, 490
Claudication, intermittent, 485, 486, 488
Clavulanate, 626
Clavulanic acid, 639
Cleft palates, 272
Clindamycin

action of, 626
anthrax, 714
cellulitis and necrotizing fasciitis, 676, 677
community-acquired pneumonia, 638, 639
gastrointestinal disease, 758

HIV infected patients, 735, 743
trauma patients, 292

Clinical pathways in medical practice, 87–91
Clinical reasoning, 75–76
Clinical trials, 89
Clofibrate, 512, 1049
Clomipramine, 1212
Clonazepam, 135, 280, 1215, 1234
Clonazipine, 722
Clonidine

alcohol withdrawal, 282, 1248
delirium, 1165
depression, 1210
drug overdose, 1236, 1239
hypertension, emergent, 468, 469
pregnancy, 273
surgery and, 253, 264
tricyclic antidepressants, 1213

Clopidogrel
angina, 338, 340
chronic limb ischemia, 491, 492
myocardial infarction, 52–56, 349, 350
stroke, 1181, 1182

Clorazepate, 722
Clostridium difficile

disruption of skin and mucous membranes,
613

fever, 600
gastrointestinal disease, 753, 754, 756, 758, 759
impaired immunity, 615, 620

Clostridium perfringens, 599
Clotrimazole, 613, 621
Coagulation disorders

cholangitis, acute, 835, 836, 837
diabetes mellitus, 1080, 1089
gastrointestinal bleeding, 771
hemolytic reaction to transfusion, 912
L-asparaginase, 935
liver chemistries, abnormal, 765
liver transplantation, 843, 844
platelet disorders, 988–989
regional anesthesia, 244
sepsis, 201, 205
shock and fluid resuscitation, 195
thrombotic, 975–984, 988–991
trauma patients, 289, 293

Coagulation factor concentrates, 499
Coagulation studies, 459, 524, 769, 791, 801
Coarctation of the aorta, 383, 472
Cocaine

central nervous system vasculitis, 1131
chest pain, 300
chorea, 1168
drug overdose, 1230, 1231, 1234, 1236, 1238,

1240, 1241
hypertension, 463, 464, 468, 469
interstitial lung disease, 550, 551
intracranial hemorrhage, 1194
monoamine oxidase inhibitors, 1215
palpitations, 304
peripheral arterial disease, 486
pulmonary hypertension, 570
seizures, 1199, 1204
stroke, 1177
ventricular arrhythmias and cardiac arrest, 411

Codeine, 131, 132, 1213, 1232, 1237
Cogentin, 1213
Cognitive function, 112, 114–115, 1164–1165, 1166
Colchicine, 448, 450, 1147, 1148, 1239
Cold, application of, 131
Cold, exposure to, 607, 1097
Cold agglutinin disease, 891, 893
Cold iodide, 274
Colitis

antibiotic-associated, 626
Clostridium difficile, 753, 754, 756, 758, 759
inflammatory, 753
ischemic, 752, 754, 867–870
ulcerative, 799–800, 800–804

Collagen vascular disorders, 524
Collateral circulation, 207, 208, 486, 487, 489, 490
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Colloid IV solutions, 193–194, 1010, 1088
Colon obstruction, 873
Colonic pseudo-obstruction (Ogilvie’s

syndrome), 752, 753, 876, 880
Colonoscopy

acute gastrointestinal bleeding, 775–776
bowel ischemia, 868, 869
bowel obstruction, 880
diverticulitis, 865
ulcerative colitis, 801, 802

Colorectal anastomosis, 867, 870
Colorectal cancer, 800
Colostomy, 867, 870, 876
CoLyte, 1235
Coma, 413, 416
Combination therapy

chemotherapy, 897
infections, 628, 629, 648, 657–658, 794
insulins, 1082
T3 and T4 for myxedema coma, 1101

Comfort care, 142–143, 534, 552–553
Commissurotomy of mitral valves, 369, 387
Commitment to psychiatric facility, 284
Commotio cordis, 412
Communication issues

clinical information systems, 63–68
discharge from hospital, 32–35
end-of-life care, 141, 142
hospital personnel, among, 23–29, 72, 166
hospitalist and primary care physician,

111–112, 127
medical consultation, 236

Community-acquired pneumonia
consolidation on chest radiograph, 528
discharge criteria, 31–32
doxycycline, 627
eosinophilic pneumonia, 554
HIV infection, 729–737
hospitalization for, 83, 90, 633–644
similar diseases, 551, 558, 559

Comorbid conditions
acute coronary syndrome, 339
alcohol withdrawal, 1246
angina, prognosis of, 335
aortic stenosis, 382
appendicitis, acute, 861
asthma, 543
bowel ischemia, acute, 868
community-acquired pneumonia, 636, 637,

638, 642
depression in hospitalized patients, 1209
diabetes in dialysis patients, 1024
gastrointestinal bleeding, 768–769, 770, 774,

775, 777, 778
heart transplantation, exclusion criteria for,

373, 374
hepatomegaly, 760
hypothermia, 607
limb ischemia, 488, 491, 492
liver transplant recipients, evaluation of, 841
mitral regurgitation, 388
pericarditis, 451
practice guidelines and clinical pathways, 90
syncope, 428
trauma patients, 292
ventricular arrhythmias and cardiac arrest in

inpatients, 417
Compartment syndrome, 292, 456, 457
Competency of patients, 120–123, 124, 283–284
Complete blood count

acute pericarditis, 443, 444
Complete blood count (CBC)

chronic obstructive pulmonary disease
(COPD), 532, 535

dyspnea, 523
gastrointestinal disease, 769, 791, 801
hemoptysis, 524
peripheral artery disease, 459
pulmonary disease with HIV infection, 730
splenomegaly, 886

Complex partial seizures, 1200, 1203

Compliance, patient
angina, 341
asthma, 539
depression, 1211
heart failure, 360, 370
hepatic encephalopathy, 825, 826
hypertension, 469, 470
peptic ulcer disease, 794, 796
tuberculosis, 658, 662, 664

Complicated parapneumonic pleural effusions,
580–581

Complications
alcohol withdrawal, 1248–1249
blood transfusions, 912–915
chemotherapy, 903–905, 958
cholangitis, 836–837
cholecystitis, 832, 833
diabetes and hyperglycemia, 1089
dialysis, 1019
endocarditis, 698
enteral nutrition, 105–106
gastrointestinal disease, 752, 753
heart transplantations, 378–380
hematopoietic cell transplantation, 958,

959–963
hepatic failure, 810, 811, 813
Hodgkin’s disease, 941
hospital-acquired pneumonia, 651
inferior vena cava filters, 511
IV catheter-associated infection, 706–708,

708–709
liver transplantation, 843–845
lung transplantation, 563–564
lung volume reduction surgery, 566
lymphomas, 941–946
meningitis, 687–688, 689, 690, 691
myocardial infarction, 355–356
neurologic, of HIV infection, 739–747
pancreatitis, 856–857
parenteral nutrition, 107–108
pericarditis, 445
radiation therapy, 923
renal transplantation, 1033–1036
rheumatic disorders, 1136
subarachnoid hemorrhage, 1190, 1191–1192
surgery for thoracic aortic aneurysms, 481
tricyclic antidepressants, 1213–1215
urinary tract infections, 668
ventricular arrhythmias and cardiac arrest and

resuscitation, 418
Compression fractures, 1157, 1158, 1159
Computed tomography (CT)

anthrax, 714
aortic disorders, 473, 476, 480, 481, 482, 483
appendicitis, acute, 861
back pain, 1156, 1157
cardiac arrest and resuscitation, after, 413, 414
chest pain, 299, 300
cholangitis, 834
cholecystitis, 831, 833
Crohn’s disease, 804
Cushing syndrome, 1072–1073
deep vein thrombosis, 495
delirium, 282
diverticulitis, 864, 866
drug overdose with altered level of

consciousness, 1236, 1238
gastrointestinal disease, 754
hepatic encephalopathy, 825
HIV infected patients, 725, 746
hypertension, emergent, 464
ileus and bowel obstruction, 878, 879
increased intracranial pressure, 1188
interstitial lung disease, 557
intracranial hemorrhage, 1194
limb ischemia, 488
meningitis, 687
pancreatitis, 851–852
pericarditis, 450
pleural effusions, 578
pneumothorax, 582

pregnancy, 276
pulmonary embolism, 506–507, 508
pulmonary medicine, 519
renal stone and obstructive disease, 1039
solitary pulmonary nodules, 587, 588
splenomegaly, 886
stroke, 1175, 1178, 1179, 1180
subarachnoid hemorrhage, spontaneous, 223,

1190
subdural hematoma, 1196
superior vena cava syndrome, 923
syncope, 425, 426
trauma patient assessment, 288, 289, 290, 291
urinary tract infection, upper, 673
ventricular arrhythmias, 410

Computerized decision support, 64–65, 85
Computerized monitoring of adverse drug events,

159
Computerized physician order entry (CPOE),

64–65, 90, 153, 158, 1026
C1 esterase inhibitor concentrate, 1223
Confidentiality, 67, 119, 126, 127
Confusion, 431, 463
Congenital heart disease, 411
Congestive heart failure

community-acquired pneumonia, 634
dialysis patients, 1021
endocarditis, 697, 698, 699
hepatomegaly, 760
pleural effusions, 578, 579, 580
pulmonary embolism, 505, 512, 513
quality measurement of treatment, 82
syncope, 428
thyrotoxic storm, 1093, 1094, 1096
ventricular arrhythmias, 410

Connective tissue diseases. See also specific
connective tissue diseases

chronic aortic regurgitation, 383
interstitial lung diseases, 550, 552
peripheral artery disease, differentiating from,

457
pulmonary hypertension, 570, 573
rheumatic diseases, 1112, 1113, 1114, 1117, 1118

Consciousness, level of. See also Encephalopathy;
Mental status, altered; Neuropathy

acute respiratory failure, 183, 184
asthma, 541, 544
brain herniation, 1187
drug overdose, 1233, 1234, 1236–1238
myocardial infarction, 343
palpitations, 304, 305–306
partial seizures, 1200
trauma, 288, 289

Consciousness, loss of
electroencephalography, 1172
myxedema coma, 1097
subarachnoid hemorrhage, spontaneous, 1190
syncope, 423, 429, 430

Consent issues, 119, 120–121, 127, 217, 223,
226, 228, 283–284

Constipation, 133, 273, 753
Consultation, indications for

acute myelogenous leukemia, 932
alcohol withdrawal, 1249
allograft rejection of heart transplantation, 377
anaphylaxis, 1224, 1226
aortic aneurysm, 483
aortic intramural hematoma and dissection, 476
back pain, 1156, 1157–1158
bowel ischemia, acute, 869
bowel obstruction, 874, 877, 880
bradycardia and pacemakers, 438
central nervous system vasculitis, 1132
cholecystitis, 832
chronic obstructive pulmonary disease

(COPD), 534
community-acquired pneumonia, 639, 641–642
Crohn’s disease, 805
diverticulitis, 865
drug overdose, 1236
endocarditis, 697
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endocrine disorders, 1070, 1076, 1107
gastrointestinal disorders, 770, 802
gout, 1147
heart failure, 362
hepatic failure, 813, 814
hypercalcemia in oncologic emergencies,

925–926
hyperkalemia, 1052
hypertension, emergent, 468
hyponatremia, 1048
interstitial lung disease, 558–559
intracranial hemorrhage, 1194
IV catheter-associated infection, 707–708
limb ischemia, 488
meningitis, 689
myocardial infarction, 352
neurologic complications in HIV infected

patients, 741, 743–744, 746
neurologic oncologic emergencies, 918, 920
pancreatitis, 853
pericardial oncologic emergencies, 921
pericarditis, 447, 451
practice of, 235–238
pulmonary embolism, 509
pulmonary hypertension, 573
renal disorders, 1010, 1014, 1015, 1035, 1041
renal transplantation, 1035
respiratory failure, 187–188
sickle cell disease, 970
stroke, 1178, 1181
subdural hematoma, 1197
supraventricular tachyarrhythmias, 400
syncope, 428
thoracic aortic aneurysms, 481
tuberculosis, 661–662
tumor lysis syndrome, 943
urinary tract infection, 670, 672–673
valvular disease, 382, 385, 386, 388, 390
vasculitis, 1129
ventricular arrhythmias and cardiac arrest, 417,

418–419, 420
wheezing, 519

Consumer Protection Act, 93
Continuing medical education, 81, 84
Continuity of care, 17–18
Continuous ambulatory peritoneal dialysis, 1018,

1019
Continuous cyclic peritoneal dialysis, 1018
Continuous positive airway pressure (CPAP),

242, 256
Continuous renal replacement therapies, 168,

1013, 1018, 1020, 1232, 1236
Contraindications. See also Drug interactions

acute prostatitis, 668
aminophylline IV with chronic obstructive

pulmonary disease (COPD), 534
antihypertensive medications, 467, 468
arterial puncture and cannulation, 207
arthrocentesis, 210, 1143
�-blockers, 1248
central venous catheters, 216
diverticulitis, 865
fine needle aspiration for some adrenal lesions,

1107
flumazenil, 1237
fluoroquinolone antibiotics, 627
furosemide, 925
liver transplant eligibility, 840–841
lumbar puncture, 223, 1172
lung transplantation, 562
methemoglobinemia and medications, 521
monoamine oxidase inhibitors, 1215
paracentesis, 225
streptokinase for ischemic stroke, 1179
thoracentesis, 227
thrombolytic therapy for pulmonary embolism,

510
ulcerative colitis, 801

Conversion disorders, 283
Cor pulmonale, 389, 532, 552, 556, 971
Corlopam, 467

Coronary arteries, 300, 343, 411, 412
Coronary artery bypass graft (CABG)

anti-platelet therapy, 338
arrhythmias, 406, 418
bowel ischemia, acute, 867
hypothermia, causing, 607
myocardial infarction and NSTEMI treatment,

349
postoperative stroke, 257
preoperative evaluation, 252–253
quality measurement, 82
solitary pulmonary nodules, 589

Coronary artery disease
abdominal pain, causing, 753
angina, 332, 333–334, 335
atherosclerotic plaque events, 331
cardiac catheterization, 325–326
chest pain, 298, 299
definition, 329
discharge issues following cardiac arrest, 418
heart transplantation, indication for, 373
homocysteine level, 341
monomorphic sustained ventricular

tachycardia, 412
peripheral artery disease, 455, 457
preoperative evaluation for cardiac

complications, 250–253
probabilities in diagnostic testing, 38–39
surgical repair of abdominal aortic aneurysm,

483
syncope, 424–425
ventricular arrhythmias, 410, 411
wide-complex tachycardia, 395

Coronary Artery Surgery Study, 252–253
Coronary care units, 344–345, 411, 432, 434. See

also Intensive care units
Coronary vascular resistance, 330
Corticosteroids

abdominal pain, causing, 753
acute respiratory distress syndrome (ARDS), 189
adrenal insufficiency, 1103
agnogenic myeloid metaplasia, 952
alcoholic hepatitis, 814, 816
anthrax, 714
arthrocentesis, 210, 211
asthma, 542, 543, 545, 546, 547
blood urea nitrogen level, 1003
chronic obstructive pulmonary disease, 534,

536, 537
depression, 1210
diffuse alveolar hemorrhage, 551
dyspnea, 523
eosinophilic pneumonia, 554–555
fever of unknown origin, 607
gout, 1147
graft-versus-host disease, 963
hypercalcemia, 943
hypertension, 469
idiopathic thrombocytopenic purpura, 985
inhalation injury, 555
interstitial lung disease, 558, 559
lung transplantation, 561, 562, 563, 564
myxedema coma, 1099, 1100
pancreatitis in dialysis patients, 1023
parenchymal brain involvement in lymphoma

patients, 945–946
pericarditis, 447, 448, 450
polymyositis/dermatomyositis, 1140, 1141
preoperative evaluation, 256
pulmonary disease with HIV infection, 734–735
pulmonary hypertension, 572
renal transplantation, 1931
rheumatoid arthritis, 1141
sarcoidosis, 554
scleroderma, 1138, 1139
shock, 197
Sjögren’s syndrome, 1139
swollen joints, injected into, 1115
systemic lupus erythematosus, 1137
tuberculosis, 660–661, 664
ulcerative colitis, 802, 803, 804

vasculitis, 1122, 1123, 1124, 1127, 1129, 1130,
1132

vocal chord dysfunction, 541
withdrawal symptoms, 135

Cortisol therapy
adrenal insufficiency, 1071–1072, 1076, 1106,

1107, 1108, 1213
Cortrosyn stimulation test, 1076, 1101,

1105–1106, 1107
Cost considerations. See also Economic aspects of

care
acute leukemia, 935
alcohol withdrawal, 1249
anaphylaxis, 1226
angina, 341
arthritis, 1151
asthma, 545–546
back pain, 1159
biliary disease, 837
bowel ischemia, acute, 870
bowel obstruction, 880
bradycardia and pacemakers, 439–440
cardiovascular diagnostic tests, 326
cellulitis and necrotizing fasciitis, 681
chronic myeloproliferative diseases, 953
cirrhosis, 827
community-acquired pneumonia, 643
COPD, 537
Crohn’s disease, 806
deep venous thrombosis, 502
diabetes mellitus, 1079, 1080, 1086, 1091
drug overdose and dependence, 1241
endocarditis, 700
esophageal disorders, 787
gastrointestinal bleeding, 778
heart failure, 371
hepatic failure, 816
hospital-acquired pneumonia, 651–653
increased intracranial pressure, 1197
interstitial lung disease, 559
IV catheter-associated infection, 709
laboratory tests for bleeding and thrombotic

disorders, 981
lymphoma patients, 946
meningitis, 690–691
myocardial infarction, acute, 357
neurologic complications of HIV infected

patients, 746
pancreatitis, 857
pericardial disease, 452
primary spontaneous pneumothorax, 585
pulmonary disease with HIV infection, 737
pulmonary disorders, 592–593
pulmonary embolism, 513
pulmonary hypertension, 575
renal failure, acute, 1015
renal stone and obstructive disease, 1043
respiratory failure, acute, 190
sepsis, 206
sickle cell disease, 973
supraventricular tachyarrhythmias, 406
transfusion medicine, 915
tuberculosis, 664
urinary tract infection, upper, 673–674
valvular heart disease, 390
vasculitis, 1132
ventricular arrhythmias and cardiac arrest, 420

Costochondritis, 344
Cough

ACE inhibitors, 364
asthma, 540
community-acquired pneumonia, 634, 643
gastrointestinal bleeding, 768
hemoptysis, 524
interstitial lung diseases (ILDs), 549
pulmonary hypertension, 569
pulmonary medicine, 521–522
thoracic aortic aneurysms, 480
tuberculosis, 655

Coumadin, 244, 356, 511, 659, 789, 988, 1172.
See also Warfarin
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Coumarin compounds, 977
Coxsackie B virus, 449
Crack cocaine, 1230, 1231
Crackles, 518, 552, 556, 634
Crank, 1230
C-reactive protein, 488, 686
Creatinine kinase BB levels, 416
Creatinine kinase levels, 337, 339, 352, 379, 489,

676, 678
Creatinine kinase MB levels, 413, 414, 443, 444
Creatinine levels

dialysis patients, 1020
dyspnea, 523
gastrointestinal bleeding, 769
HIV infected patients, 726
hypertension, 464
limb ischemia, 487
oliguria and anuria, 999
pericarditis, 443, 444
peripheral artery disease, 459
renal disease, 1002, 1003–1004, 1007, 1009, 1014
renal transplantation, 1033

Crepitations, 518
Crohn’s disease, 103, 383, 757, 761, 762, 799,

800, 804–806
Cryoprecipitate, 990, 1180
Crystal meth, 1230
Crystalloid IV solutions, 193, 194, 544
Crystalluria, 998, 1038, 1042
Crystals in synovial fluid, 1144, 1145
Cullen’s sign, 849
Cultures

fever, 600, 602, 606
hepatic failure, 814
plague, 715
sepsis, 202, 203, 204
shock, 197
specimen collection, 609
tuberculosis, 656, 663

Cultures, blood
back pain, 1156
cellulitis, 676, 677
cholangitis, 835
community-acquired pneumonia, 635
endocarditis, 694, 696
HIV infected patients, 741
hypogammaglobulinemic hosts, 614
IV catheter-associated infection, 704–705, 706,

708
meningitis, 687
necrotizing fasciitis, 679
neutropenic hosts, 615
pacemaker infections, 439
pancreatitis, 850
urinary tract infection, upper, 671

Cultures, cerebrospinal fluid, 684, 687, 689, 740
Cultures, IV catheter, of, 705
Cultures, nasal swab, 714
Cultures, pericardial fluid, 448
Cultures, sputum, 616, 634–635, 647, 649
Cultures, stool, 759
Cultures, synovial fluid, 1145, 1146, 1149–1150
Cultures, urine, 615, 668, 672, 673
Cushing’s syndrome, 289, 588, 1048, 1060,

1071–1073
C-v waves, 355
Cyanide, 1231, 1234
Cyanosis

acute limb ischemia, 488
asthma, 541, 544
central, 520
idiopathic pulmonary fibrosis, 552
peripheral artery disease, 458
pulmonary hypertension, 570
pulmonary medicine, 520–521
tension pneumothorax, 583

Cyclooxygenase-2 (COX-2) inhibitors, 131, 773,
794–795

Cyclophosphamide
acute myelogenous leukemia, 934
chemotherapy, 897, 899, 900, 901, 902, 904, 906

diffuse alveolar hemorrhage, 551
follicular lymphomas, 940
hematopoietic cell transplantation, 958
interstitial lung disease, 558
rheumatic disorders, 1137, 1138, 1140
vasculitis, 1122, 1123, 1124, 1127, 1128, 1129,

1132
Cycloserine, 659, 661
Cyclosporine

anemia, 891
anti-microbials, interaction with, 620
gout, 1147
graft-versus-host disease, 961, 962
headache, 1164
heart transplantation, 373, 376, 378, 379
hematopoietic cell transplantation, 958–959
hypertension, emergent, 467, 469, 470
liver transplantation, 845
lung transplantation, 562, 563, 564
malignant hypertension, 379
neutropenia, 894
pancytopenia, 896
peripheral arterial disease, 486
pregnancy, 276
renal transplantation, 1031, 1033, 1034, 1035
rheumatic diseases, 1137, 1140
seizures, 1204
thrombocytopenia, 977
tuberculosis treatment, interactions with, 659
ulcerative colitis, 802–803

Cylindrical aortic aneurysms, 479
Cyotsine arabinoside, 686
Cyproheptadine, 1215, 1232, 1238
Cysteine-rich protein-61 (CYR61), 1009
Cystic fibrosis, 187, 188
Cystitis, 667–668, 906, 934
Cytarabine, 899, 900, 901, 902, 903, 904, 934
Cytokine interleukin 11 (IL-11), 988
Cytomegalovirus (CMV), 563, 564, 609, 725, 846,

914, 962
Cytosine arabinoside, 550
Cytotoxic agents

interstitial lung disease, 550, 551, 558
lung transplantation, 564
polymyositis/dermatomyositis, 1140, 1141
rheumatic diseases, 1135, 1137, 1141
vasculitis, 1122, 1124, 1125

D
Daclizumab, 1031
Dactinomycin, 904
Dalteparin, 511
Danaproid sodium, 275
Danazol, 977, 1164, 1223
Dapsone, 521, 621, 726, 735, 736, 962, 1224
Daptomycin, 676, 677
Darbopoietin, 893, 944
Darvon®, 793
Daunorubicin, 899, 900, 901, 902
Daztreoman, 626
D-dimer assays, 275, 495–496, 497, 500, 502,

508, 978
Death

cardiac arrest, 409
do not resuscitate orders, 123–124, 144, 414
end-of-life care, 139–144
medical errors, due to, 147, 148, 149
preoperative evaluation for thyroid function,

258
terminal weaning from mechanical ventilation,

182
trauma, due to, 287

Death, sudden
bradycardia-dependent polymorphic

ventricular tachycardia, 431
coronary atherosclerotic disease, 329
heart transplantations, 379
myocardial infarction, 351
valvular heart disease, 381

Decision analysis, 43–49

Decision-making
community-acquired pneumonia, 637
competency of patients, 120–123, 124
decision analysis, 43–49
deep vein thrombosis, 496
end-of-life care, 140
preoperative evaluations of risk, 250
psychological consultation, 283–284

Decompensated heart failure, 363–366, 382
Decompression of spinal cord, 290
Decompression of the biliary tract, 835–837
Decongestants, 1050
Decubiti, 599
Dedicated anticoagulation clinics, 403–404
Deep venous thrombosis, 237, 291, 495–503
Deep venous thrombosis prophylaxis, 292, 414,

511, 677, 1191, 1193, 1195
Defibrillation, 351, 356, 409, 410, 413, 414, 417,

439
Defibrillators, 402
Defibrotide, 960
Degenerative disc disease, 457
Dehydration, 757, 758, 1083
Déjà vu, feeling of, 1200
Delayed graft function, 1028, 1033, 1034
Delirium

depression in hospitalized patients, 1209
elderly patients, 112, 114–115
end-of-life care, 143
illness precipitating, 279
neurologic signs, 1164, 1165
postoperative care, 262–263
preoperative evaluation, 256, 257
psychological consultation, 281–282
psychosis, 280

Delirium tremens, 1245, 1246, 1249
Delusions, 280
Dementia, 112, 114, 257, 280, 281, 1164–1166,

1210
Demerol, 132, 969, 1012, 1213
Dengue fever, 603–604
Dental prophylaxis, 383, 387, 389, 390, 700
Depakene, 1233
Depakote, 1233
Depression

alcohol withdrawal, 1249
delirium and dementia, 1165, 1166
elderly patients, 112, 115
electroencephalography, 1173
hospitalized patients, 1209–1216
illness precipitating, 279
medical consultation regarding, 279
suicide, 279
syncope, 429

Dermatologic disorders, 1221, 1222, 1223, 1224,
1225–1226

Dermatologists, 1224, 1226
Dermatomes of sensation, 1169, 1170
Dermatomyositis, 1136, 1140–1141
Desensitization therapy, 1225, 1226
Desferrioxamine, 973
Desflurane, 244
Desipramine, 115, 133–134, 1212
Desmopressin, 1024, 1049
Destran-70, 822
Desyrel, 1212
Dexamethasone

acute myelogenous leukemia, 934
adrenal insufficiency, 1106, 1108
antidepressants, 1213
chemotherapy, 903, 905, 906
chronic myeloproliferative diseases, 953
Crohn’s disease, 805
hematopoietic cell transplantation, 958
HIV infection drug regimen, 722
increased intracranial pressure, 1189
meningitis, 686, 687–688, 689, 691, 741
myxedema coma, 1101
nausea and vomiting in postoperative care, 263
neurologic oncologic emergencies, 919
postoperative nausea, 246
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subarachnoid hemorrhage, spontaneous, 1191
ulcerative colitis, 802

Dexrazoxane, 897, 899
Dextran, 194, 977
Dextroamphetamine, 1215
Dextromethorphan, 522, 1213, 1215, 1234
Dextrose, 107, 1018. See also Glucose supplements
Diabetes insipidus, 191, 192, 553, 1048, 1049
Diabetes mellitus

anesthesia, 243
angina, prognosis of, 335
aortic stenosis, 382
atherosclerotic plaque events, 330
cardiac risk factors, 340, 341
chronic limb ischemia, 490
dialysis patients, 1024
lightheadedness, 306
management of, 1079–1091
myocardial infarction, 343
peripheral arterial disease, 457, 460, 485–486,

488
pregnancy, 274
renal injury, 506
syncope, 424
urinalysis, 996
urinary tract infection, 668, 669–670, 672

Diabetes Mellitus Insulin Glucose Infusion in
Myocardial Infarction study, 1085

Diabetic ketoacidosis, 191, 274, 1050,
1086–1089, 1091

Diabetic neuropathy, 457, 492, 1171
Diagnoses

acidosis, respiratory, 1060–1062
alkalosis, respiratory, 1063–1064
central nervous system vasculitis, 1130–1131
chest pain, 299
complicated peptic ulcer disease, 791
depression in hospitalized patients, 1210
diabetic ketoacidosis and hyperosmolar

hyperglycemic nonketotic syndrome, 1087
gastrointestinal disorders, 768, 775–776,

791–792
hospital-acquired pneumonia, 645–647
hypoglycemia, 1090
myxedema coma, 1099
palpitations, 305–306
renal disorders, 1004, 1007–1009
respiratory failure, acute, 187
seizures, 1199–1201
sickle cell disease, 965
solitary pulmonary nodules, 587–588
thyrotoxic storm, 1094
vasculitis, 1121–1122, 1126–1127

Diagnosis-related groups (DRGs), 7, 12
Diagnostic algorithms

acidosis, metabolic, 1056
cirrhosis with ascites, 822
polycythemia vera, 950
pulmonary disease with HIV infection, 733
supraventricular tachyarrhythmias, 397
wide-complex tachycardia, 396

Diagnostic testing and Bayesian reasoning, 37–42
Dialysis

heart failure, 363
hospitalized patients, 1017–1026
hypercalcemia in oncologic emergencies, 925
renal failure, acute, 1012–1013, 1014, 1015
renal failure during pregnancy, 276
renal transplantation, 1028, 1032
thyrotoxic storm, 1096
uremic pericarditis, 442, 447, 449

Diaphoresis, 343, 541
Diaphragm, 227, 532, 583
Diaphragmatic paralysis, 519, 520
Diarrhea, 191, 192, 603, 756–759, 799–806,

1057, 1094, 1096
Diastolic murmurs, 309, 310, 385
Diazepam

alcohol withdrawal, 1246
antidepressants, 1213
anxiety, 280

drug overdose, 1230, 1239
HIV infection drug regimen, 722
meningitis, 689
status epilepticus, 1201, 1203
vertigo, 1167

Diazoxide, 468, 1090
Dichloralphenazone, 1164
Diclofenac, 1164
Dicloxacillin, 512, 677
Dicyclomine HCl, 960
Didanosine, 725
Dideoxyinosine, 850
Diet and nutrition. See also Enteral nutrition;

Parenteral nutrition
acute myelogenous leukemia, 935
alcoholic hepatitis, 814
appendicitis, acute, 862, 863
assessment of, 100–101
after cardiac arrest and resuscitation, 414, 415
chest pain, 300
cholangitis, 834, 836
cirrhosis, 825, 826, 827
Crohn’s disease, 805, 806
diabetes mellitus, 1081, 1082, 1090
dialysis patients, 1018–1019, 1020, 1021, 1024,

1025
diarrhea in gastrointestinal disease, 758, 759
discharge instructions for heart failure, 370
diverticulitis, 865, 866, 867
elderly patients, 112, 113
end-of-life care, 141
esophageal disorders, 785–786
food allergies, 1225
food poisoning, 684, 756
gastrointestinal disorders, 752
gastrointestinal disorders, 772, 802, 804
hospitalized patients, 99–109
hypokalemia, 1051
malnutrition, 99–100, 103–108, 112, 113,

1019–1020, 1021, 1094
mechanical ventilation, patients on, 179
nitrogen balance, 102–103
pancreatitis, 853, 854, 855, 857
renal disease, 1003, 1004, 1013, 1015, 1042, 1043
seizures, 1206
starvation, 99–100
trauma patients, 292
veno-occlusive disease of the liver, 960

Differential diagnosis
abdominal aortic aneurysm, 482
abdominal masses in gastrointestinal disease,

761–762
acquired atrioventricular block, 433
acute myelogenous leukemia, 930–932, 933
adrenal insufficiency, 1104
alcohol withdrawal, 1245–1246
alkalosis, metabolic, 1058–1060
altered mental status in HIV infected patients,

745–746
anaphylaxis, 1222–1223
antineutrophil cytoplasmic antibodies, 1118,

1119
antinuclear antibodies, 1117
aortic intramural hematoma and dissection,

472–474
aortic regurgitation, 384
aortic stenosis, 381–382
appendicitis, acute, 860–861
arthritis, 1143–1145
asthma, 540–541
back pain, 1154–1157
bacterial meningitis, 684–685, 686
bowel ischemia, acute, 868
bowel obstruction, 874–875
cellulitis, 676
central nervous system vasculitis, 1130–1131
cholangitis, 834
cholecystitis, 831
chronic myeloproliferative diseases, 948–951
chronic obstructive pulmonary disease

(COPD), 532

coagulation disorders associated with bleeding,
988

complement system, 1119
constrictive pericarditis, 450–451
cough, 521, 522
crackles, 518
Crohn’s disease, 800, 804
Cushing syndrome, 1071
cyanosis, 520
diverticulitis, 864–865
drug overdose, 1229–1234, 1236–1237, 1239,

1240
dyspnea, 522
endocarditis, 693–695
erythrocyte sedimentation rate, 1116
fever of unknown origin, 604–605
focal CNS lesions in HIV infected patients,

742–743
goiter, 1069–1070, 1071
gout, 1145
hemoptysis, 523–524, 524–525
hepatic disorders, 760–761, 762–764, 812–813,

825
hypercalcemia in oncologic emergencies, 924
hypopituitarism, 1076
interstitial lung diseases (ILDs), 549–556
intracranial hemorrhage, 1193–1194
IV catheter-associated infection, 704–705
joint pain and swelling, 1111–1115
leukocytosis, 894–895
limb ischemia, 487–488, 490–491
lymphadenopathy, 887, 889
lymphoma, 937–939
meningitis in HIV infected patients, 739–741
mitral regurgitation, 387
mitral stenosis, 385–386
myocardial infarction, 343–344
nausea and vomiting in gastrointestinal disease,

754–755
necrotizing fasciitis, 679
neurologic oncologic emergencies, 918
neutropenia, 893
oliguria and anuria, 1000
pacemaker dysfunction, 436, 437
pancreatitis, 849–850
pancytopenia, 895–896
peptic ulcer disease, 790–791
pericardial disorders, 443–444, 921
peripheral arterial disease, 456–457
pleural effusions, 578–580
pneumonia, 634–635, 651
post-liver transplant altered mental status, 845
pulmonary embolism, 505–506
pulmonary hypertension, 570–572
renal disease, 1001, 1038–1040, 1042–1043
rheumatic factor, 1118
seizures, 1200–1201, 1238
sinus node dysfunction, 431–432
splenomegaly, 885–887
stroke, 1177, 1178
subdural hematoma, 1196
superior vena cava syndrome, 922–923
supraventricular tachyarrhythmias, 396–397
syncope, 423–425, 429
tactile fremitus, 520
thoracic aortic aneurysms, 480
thyroid disease, 1069–1070, 1071, 1073,

1074–1075
tricuspid regurgitation, 389
tuberculosis, 656–657, 662–663
ulcerative colitis, 800, 801
urinary tract infection, 668, 671
ventricular arrhythmias, 412–413
wheezing, 518–519

Diffuse aggressive lymphomas, 940
Diffuse alveolar damage, 550, 551, 552, 555,

560
Diffuse alveolar hemorrhage, 525, 550, 551, 552
Diffuse aortic aneurysms, 479
Diffuse metastases pattern of spherical mass

lesions, 590–591
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Diffuse metastatic pattern of multiple pulmonary
nodules, 592

Diffuse small cell lymphomas, 939–940
Digibind, 1231
DigiFab, 1231
Digits, 211, 213–215, 457, 458, 552, 1136, 1137,

1138, 1139
Digoxin and digitalis

abdominal pain, causing, 753
acquired atrioventricular block, 433
delirium, 1165
derivatives of, and thrombocytopenia, 977
diagnostic accuracy of stress

electrocardiograms, 318
drug overdose, 1229, 1231, 1234, 1239
heart failure, 364, 366
heart transplant surgery, 375
hyperkalemia, 1051, 1052
mitral regurgitation, 388
multifocal atrial tachycardia (MAT), 403
myocardial infarction, 352, 356
pericarditis, 451
pregnancy, 271
pulmonary hypertension, 574
stress testing, 340
supraventricular tachyarrhythmias, 397, 398,

399, 400, 403, 406
thyrotoxic storm, 1096
tuberculosis treatment, interactions with, 659
Wolff-Parkinson-White syndrome and

ventricular fibrillation, 412
Digoxin levels, 433
Dilantin, 889, 1233
Dilaudid, 132, 969
Diltiazem

acquired atrioventricular block, 433
angina, 338
atrial fibrillation, 402
drug overdose, 1230
HIV infection drug regimen, 722
hypertension, emergent, 467, 470
pulmonary hypertension, 573, 574
renal failure, acute, 1011
scleroderma, 1139
supraventricular tachyarrhythmias, 399, 400,

406
transplant coronary artery disease, 379

Dimethylsulfoxide, 958
Diphenhydramine

anaphylaxis, 1223
Crohn’s disease, 805
dialysis patients, 1018
drug overdose, 1230, 1240
drug screen false results, 1234
hematopoietic cell transplantation, 958
mucositis after hematopoietic cell

transplantation, 960
nausea and vomiting in gastrointestinal disease,

756
radiocontrast allergies, 1225
sickle cell disease, 969

Diphenylhydantoin, 919
Diphtheroids, 390
Dipyridamole, 977, 1181–1182
Dipyridamole testing, 252, 316, 320, 355, 843
Direct antithrombin agents, 350
Direct fluorescent antibody testing, 609
Direct nucleic acid amplification tests, 656
Directly observed therapy (DOT), 658, 662, 664
Disability status, 559, 575
Discharge issues. See also Follow-up care

abdominal aortic aneurysm, 483
acute myelogenous leukemia, 934–935
adrenal insufficiency, 1107
alcohol withdrawal, 1249
altered mental status in HIV infected patients,

746
anaphylaxis, 1226
angina, 340–341
aortic intramural hematoma and dissection,

476

aortic regurgitation, 385
appendicitis, acute, 863–864
asthma, 545, 546, 547
back pain, 1158–1159
bioterrorism victims, 717
bowel ischemia, acute, 870
bowel obstruction, 878
bradycardia and pacemakers, 439
cardiac arrest and resuscitation, after, 415
case management, 28
cellulitis, 678
chemotherapy, 05–906
chronic limb ischemia, 491–492
chronic obstructive pulmonary disease,

535–537
cirrhosis, 823, 827
communication between hospitalists and

patients, 24
Crohn’s disease, 806
deep venous thrombosis, 499–500, 502
discharge from hospital, 31–35
diverticulitis, 867
drug overdose, 1236
elderly patients, 116
endocarditis, 699–700
epidural analgesia, 262
ethical issues, 125–126
follow-up telephone calls by pharmacists, 159
gastrointestinal bleeding, 772–773, 778
gout, 1147–1148
health care efficiency, 20–21
heart failure, 370
heart transplantation, 377–378, 378
hepatic encephalopathy, 826
hepatic failure, 814
hepatorenal syndrome, 826–827
hospitalists interfacing with referring

physicians, 26
hospitalists interfacing with skilled nursing

facilities, 27, 28
hypercalcemia in oncologic emergencies, 926
hypoglycemia, 1090
infection in lymphoma patients, 943–944
interstitial lung disease, 559
intracranial hemorrhage, 1195
IV catheter-associated infection, 709
leaving against medical advice, 125
meningitis, 690–691
mitral regurgitation, 389
mitral stenosis, 387
multiple pulmonary nodules, 592
myocardial infarction, 356–357
myxedema coma, 1101
necrotizing fasciitis, 680
neurologic complications in HIV infected

patients, 742, 745, 746
neurologic oncologic emergencies, 920–921
pain management, 136
pancreatitis, 854, 857
peptic ulcer disease, 796
pericardial oncologic emergencies, 922
pericarditis, 450, 451–452
pneumonia, 639, 640, 642–643
polymyositis/dermatomyositis, 1140–1141
postoperative ileus, 265
pulmonary disease with HIV infection, 736
pulmonary embolism, 512–513
pulmonary hypertension, 575
renal stone and obstructive disease, 1042
respiratory failure, acute, 188, 189–190
rheumatic diseases, 1139, 1140, 1142
seizures, 1206
sepsis, 205
septic arthritis, 1151
spontaneous bacterial peritonitis, 825
stroke, 1182
subarachnoid hemorrhage, 1193
superior vena cava syndrome, 924
supraventricular tachyarrhythmias, 403–404, 406
syncope, 429–430
thoracic aortic aneurysms, 481

thyrotoxic storm, 1096–1097
tuberculosis, 662, 664
tumor lysis syndrome, 943
ulcerative colitis, 803
urinary tract infection, 671, 673
vasculitis, 1123, 1129–1130
ventricular arrhythmias and cardiac arrest,

418–420
Disopyramide, 304, 399, 400, 403, 404, 412, 419
Disorientation, 423
Displatin, 958
Dissecting renal artery, 464, 465
Disseminated intravascular coagulation, 225, 502,

690, 933, 976, 990
Distributive shock, 192, 193, 197
Disulfiram, 512, 796
Ditropan, 1213
Diuretics

acidosis, respiratory, 1062
alkalosis, metabolic, 1059
aortic regurgitation, 384
aortic stenosis, 382
cardiac arrest and resuscitation, after, 414
cirrhosis with ascites, 821, 823
fenoldopam obviating need for, 466
head trauma, 289
heart failure, 363, 365, 366, 367, 370
heart transplant surgery, 375
hepatic failure, 811
hypercalcemia in oncologic emergencies, 925
hyperkalemia, 1051
hypernatremia, 1049
hypertension, emergent, 467, 468
hypokalemia, 1050, 1051
hyponatremia, 1046, 1048
hypovolemic shock, 191, 192
interstitial lung disease, 559
mitral regurgitation, 388
mitral stenosis, 386
myocardial infarction, 352, 355, 356
oliguria and anuria, 999–1000
pericarditis, 451, 452
pregnancy, 272
preoperative evaluation, 254
pulmonary edema in dialysis patients, 1021
pulmonary hypertension, 574, 575
renal failure, acute, 1010, 1016
right ventricular (RV) failure, 368
superior vena cava syndrome, 923
syncope, 428, 429
thyrotoxic storm, 1096
tricuspid regurgitation, 389
urinary incontinence, 1170
veno-occlusive disease of the liver, 960

Diuretics, loop
heart failure, 363
hepatic failure, 811
hyperkalemia, 1052
hyponatremia, 1048
pancreatitis in dialysis patients, 1023
pulmonary hypertension, 574
renal disease, 1002, 1010

Diverticulitis, 864–867
Dizziness, 411, 423, 424, 569, 575, 1166
DL-sotalol, 304, 399, 400, 402, 404, 412, 419,

425
Do not resuscitate (DNR) orders, 123–124, 144,

414
Dobutamine, 195–196, 355, 365, 366, 367, 371
Dobutamine echocardiography, 252, 320, 321,

566, 843
Dobutamine stress testing, 316, 355
Dofetilide, 399, 400, 402, 403, 404, 412
Dolasetron, 246, 756, 905
Dolophine, 132
Domperidone, 1138
Donepezil, 1213
Donor organs, 373, 374, 839
Donor-recipient relationship, 955–956
Donors

blood, of, 907, 914, 915
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renal transplantation, 1027–1028, 1029, 1030,
1032, 1033, 1034

stem cells for transplantation, 956, 958
Dopamine

delirium, 282
drug overdose, 1240
heart failure, 363, 365, 366, 367
hepatic failure, 811
myocardial infarction, 355
myxedema coma, 1100
oliguria and anuria, 999
post heart transplant surgery, 375
post-liver transplant renal function, 845
renal failure, acute, 1011, 1016
shock, 195, 197
thyroid disease, 1075
vasospasm with subarachnoid hemorrhage,

spontaneous, 1192
Dopamine antagonists, 281, 467, 756
Doppler studies. See also Echocardiography

acute limb ischemia, 487
Ankle-Brachial Index, 458, 460
aortic regurgitation, 384
aortic stenosis, 381
cardiovascular disease, 322, 324
constrictive pericarditis, 442
deep vein thrombosis, 495
renal failure, acute, 1008
valvular heart disease, 322, 324, 386, 387

Double-lung transplantation, 561–562, 575
Downey cells, 608
Doxepin, 1212, 1233
Doxorubicin, 322, 899, 900, 901, 902
Doxycycline

animal bites, 677
anthrax, 714
community-acquired pneumonia, 638, 643
gonococcal arthritis, 1151
leptospirosis, 604
plague, 715
as sclerosing agent, 581, 922
tetracycline antibiotic, 627

D-penicillamine, 811
Drainage

empyema, of, 580–581, 651
joints, of, 1115, 1150
pericardial effusions, of, 921–922, 945

Dressler’s syndrome, 442, 600
Dronabinol, 722, 756
Droperidol, 246, 263–264, 281, 1240
Drotrecogin alfa (activated), 204, 206
Drug abuse, 293, 413, 463, 464, 468, 469, 592,

1229–1241
Drug fever, 598, 599, 600, 608, 615
Drug interactions, 722, 796, 900, 901, 1031, 1213
Drug packet ingestion, 1230, 1231, 1234
Drug reactions, 602, 809, 810, 889, 1215. See also

Adverse effects
Drug-induced interstitial lung disease, 550,

551–552
Dual endothelin receptor antagonists, 574
Dual-chamber pacemakers, 439
Duke Treadmill Score, 317
Duke University criteria for endocarditis, 695,

696, 697
Duplex imaging, 460, 489, 490, 507, 508
Duragesic transdermal patches, 132
Dysphagia, 480, 781–782, 1167, 1181
Dysphonia, 541
Dyspnea

angina, 333
asthma, 540
cardiovascular disease, 298
chronic obstructive pulmonary disease, 531
community-acquired pneumonia, 634, 643
echocardiography, 323
exertional, 549, 552, 559, 569
heart failure, 360, 361
heart transplantation, 376
hypertension, emergent, 463
mitral valve disorders, 385, 387

myocardial infarction, 343
pacemakers, 439
pericarditis, 442, 450
pleural effusions, 577
pneumothorax, 582
pregnancy, 272
primary spontaneous pneumothorax (PSP), 582
pulmonary embolism, 344, 505
pulmonary medicine, 522–523
superior vena cava syndrome, 922
symptomatic ventricular tachycardia, 411
thoracentesis, 229
thoracic aortic aneurysms, 480

Dystonia, 1168

E
Ebstein’s anomaly, 307, 389
Echinocandin, 707
Echocardiography. See also Doppler studies

aortic regurgitation, 384, 385
cardiac arrest and resuscitation, after, 416
cardiac murmurs, 309, 311
cardiac structure and function, 316, 321–322,

323, 324
cardiovascular disease, 320–321
chest pain, 303, 305, 339
donor organs, 374
early conservative strategy for stress testing, 340
endocarditis, 694–695, 700
heart failure, 360, 369
limb ischemia, 488
mitral valve disease, 385, 387
myocardial infarction, 355, 357
palpitations, 304
pericardial disease, 442, 443, 444, 445, 447,

448, 450, 452, 921, 922
preoperative evaluation, 254
prosthetic heart valves, 389
pulmonary edema in pregnancy, 272
pulmonary hypertension, 570, 571
shock, 197
syncope, 426, 427
ventricular arrhythmias, 411

Eclampsia, 273, 464, 467, 468, 1204
Economic aspects of care. See also Cost

considerations
adverse drug events, 159
angina, 329, 340, 341
cardiovascular diagnostic tests, 326, 327
discharge from hospital, 31
economies of scale, 14
ethical issues, 125–126
evidence-based medicine, 56, 59–61
heart failure, 371
hospital admission prior to surgery, 241
hospital medicine, 6, 11–15
myocardial infarction, 357
salary and professional fees, 19–20
sepsis, 206
supraventricular tachyarrhythmias, 406
value assessment and improvement, 79–85
valvular heart disease, 390
ventricular arrhythmias and cardiac arrest, 420

Ecstasy, 1230
Edema

cellulitis, 675, 677, 678
deep venous thrombosis, 496, 500
echocardiography, 323
heart failure, 360, 361
increased intracranial pressure, 1185, 1186
lower-extremity, 450
peripheral, 387, 389, 433, 450, 456
pulmonary hypertension, 570, 572, 574, 575
renal disease, 1001–1003
right ventricular failure, 368
superior vena cava syndrome, 990
upper extremities and body, 922

Edinburgh Questionnaire, 456
Education, continuing, 71–77, 81, 84, 144
Effexor, 1212

Efficiency of care, 6, 20–21, 326
Effusive-constrictive pericarditis, 449, 450
Ehlers-Danlos syndrome, 387, 480
Eisenmenger’s syndrome, 562, 569, 570
Ejection fraction, 369–370, 383
Elavil, 1212
Elderly patients

anesthesia, 243–244
approach to, 111–117
bacterial meningitis, 683
cardiac murmurs, 309
cardiac risk factors, 341
cerebral blood flow, 465
cholangitis, 833
community-acquired pneumonia, 634
constrictive pericarditis, 451, 452
delirium, postoperative, 262–263
fever, 598
gastrointestinal bleeding, 767
hypothermia, 607
lidocaine, 351
myocardial infarction, 343
pain management, 135
patient satisfaction, 96
preoperative evaluation for cardiac

complications, 250
pseudoclaudication, 457
relative bradycardia, 608
stress electrocardiograms, 318
suicide, 279
syncope, 424, 425, 426, 428, 429
thrombolytic therapy, 347

Electrocardiograms
angina, 333, 335
cardiac arrest and resuscitation, after, 413, 414
cardiovascular disease, 311–312
chest pain, 299, 301, 302
chronic obstructive pulmonary disease, 532
dyspnea, 523
gastrointestinal bleeding, 769
heart failure, 360
hypertension, emergent, 464
limb ischemia, 488
myocardial infarction, 344, 352
pacemaker implantation, 438
palpitations, 305
pericarditis, 442–443, 443, 444
postoperative care, 264
preoperative evaluations, 249
pulmonary embolism, 505, 508
pulmonary hypertension, 570, 571
stress testing for cardiac ischemia, 316–318, 319
supraventricular tachyarrhythmias, 396–397, 400
syncope, 425, 426, 427, 428, 429
thoracic injury, 291
thrombolytic therapy for myocardial infarction,

348
ventricular arrhythmias, 410

Electrocardiographic monitoring, 337, 1201
Electrocautery, 439
Electroconvulsive therapy, 1216
Electrocution, 411
Electroencephalography, 423, 425, 426,

1172–1173, 1201, 1202, 1203
Electrolytes

acute pericarditis, 443
adrenal insufficiency, 1104
cardiac arrest and resuscitation, after, 413
delirium in postoperative care, 263
diabetic ketoacidosis and hyperosmolar

hyperglycemic nonketotic syndrome, 1088,
1089

dialysis patients, 1024–1025
encephalopathy after renal transplantation, 1035
enteral nutrition, 106
hemoptysis, 524
hypertension, emergent, 464
myocardial infarction, 356
myxedema coma, 1098
palpitations, 305
pancreatitis, 856
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parenteral nutrition, 107
renal disorders, 1012, 1045–1053
supraventricular tachyarrhythmias, 404
torsade de pointes, 412
ventricular arrhythmias and cardiac arrest, 417

Electromechanical dissociation, 409–410
Electromyography, 1169, 1173
Electron-beam computed tomography (EBCT), 326
Electrophysiologists, cardiac, 352, 400, 404,

418–419
Electrophysiology studies

palpitations, 304, 306
supraventricular arrhythmias, 397, 399, 400,

403
syncope, 426, 427, 429
ventricular arrhythmias, 410, 411, 417, 418

Embolism
bowel ischemia, acute, 869
endocarditis, 694, 696, 698, 699
hemoptysis, 524
intravascular catheterization, 209, 222
peripheral arterial disease, 485, 486, 487–488,

489, 490
stroke, 1177, 1181

Emergency department physicians, 26, 27
Emotional dysfunction, 284
Emotional needs, 29, 142
Empiric therapy

anticonvulsants, 741, 743
endocarditis, 696, 697
H. pylori infections, 792, 793
HIV infection, 723
hospital-acquired pneumonia, 647–648, 649,

650, 652, 653
IV catheter-associated infection, 706–707
pulmonary disease with HIV infection, 734–735
septic arthritis, 1150

Empyema, 580–581, 639, 651, 656
Enalapril, 364, 365
Enalaprilat, 467, 469
Encainide, 304, 722
Encephalitis, 746
Encephalopathy

alcoholic hepatitis, 814
delirium, 1164
hepatic cirrhosis, 823, 825–826
hepatic failure, 809, 811, 812, 814
hyponatremia, 1046, 1047
liver transplantation postoperative concern,

843
renal dialysis patients, 1025
renal transplantation, 1035
spontaneous bacterial peritonitis, 823

Endarteritis, 481
Endocarditis

infectious, 383, 385, 387, 388, 693–700
IV catheter-associated infection, 706, 708
preoperative evaluation, 254, 255
prosthetic heart valves, 390
tricuspid regurgitation, 389

Endocet, 132
Endocrine disorders. See also specific endocrine

disorders
adrenal insufficiency and crisis, 1103–1108
depression, causing, 1210
diabetes, 1079–1091
renal dialysis, 1024
signs, symptoms, and laboratory abnormalities,

1069–1077
thyroid disease, 1093–1101

Endocrine pattern of spherical mass lesions, 591
Endocrinologists, 1049, 1070, 1101, 1107
Endodan, 132
End-of-life care, 139–144, 917, 926
Endoscopic hemostatic therapy, 768, 770–771,

775–776, 777
Endoscopic retrograde cholangiopancreatography

(ERCP)
acute cholangitis, 834, 835, 836, 837
acute cholecystitis, 832, 833
cirrhosis, 820

nausea and vomiting in gastrointestinal disease,
755, 764

pancreatitis, 853, 854, 855, 856, 857
pregnancy, 274

Endoscopy
acute gastrointestinal bleeding, 768, 769–770,

771, 773, 774, 775–776, 777
dysphagia, 782
peptic ulcer disease, 791–792
ulcerative colitis, 801, 802

Endothelin-1 receptor antagonist, 843
Endotracheal intubation

acute respiratory failure, 186, 187, 189
asthma, 541, 542, 544
cough, 522
extubation, 180–182
increased intracranial pressure, 1187–1188
mechanical ventilation, 173, 176
patency and extubation, 180
preoperative evaluation, 256
status epilepticus, 1202
trauma patient assessment, 288
wheezes, 519

Endovascular repair, 482, 483, 1191–1192
End-stage heart failure, 368
End-stage rejection, 1035
End-stage renal disease, 1017–1026
Enema with contrast, 875
Enoxaprin, 338, 350, 511
Enteral nutrition, 103–106, 292, 759, 855, 857,

1013, 1025
Enteric coated medication, 1234
Enteric fever, 604, 757
Enteroclysis, 776, 875
Environmental exposures, 549, 550, 556
Environmental safety, 112, 116, 280
Enzyme-linked immunosorbent assays (ELISA),

495, 496, 507–508
Ephedrine, 300, 1131, 1215, 1225, 1236
Epidermal growth factor, 1011
Epidural analgesia, 133, 262, 268
Epidural anesthesia, 192, 244, 271
Epifibatide, 338, 339
Epileptic seizures, 276, 1199
Epinephrine

anaphylaxis, 1226
angioedema, 1223
drug overdose, 1230
heart failure, 366
hypokalemia, 1050
post heart transplant surgery, 375
shock, 195, 196, 197
wheezes, 519

Epirubicin, 901
Epistaxis, 466, 523, 524
Eplerenone, 351, 364, 469
Epoprostenol, 572, 573, 574, 575
E-aminocaproic acid, 977
Epstein-Barr virus

atypical lymphocytosis, 608–609
focal CNS lesions in HIV infected patients, 743,

744
lung transplantation, 562, 563, 564
lymphoma, risk for, 937
malignancy post heart transplantation, 379
new malignancies after hematopoietic cell

transplantation, 963
viral hepatitis, 809–810
viral pericarditis, 449

Eptifibatide, 349
Erb’s limb-girdle dystrophy, 434
Ergot alkaloids, 276, 486, 722, 1164
Ergotamine, 1131, 1164
Ertapenem, 670, 671
Erysipelas, 676
Erythrocyte sedimentation rate (ESR), 1116–1117
Erythromycin

cellulitis, 676, 677
community-acquired pneumonia, 638, 643
HIV infection drug regimen, 722
macrolide antibiotics, 626

palpitations, 304
penicillin-nonsusceptible pneumococci, 628,

629
scleroderma, 1138, 1139
torsade de pointes, 412
warfarin, interfering with, 512

Erythropoietin
agnogenic myeloid metaplasia, 952
anemia, 892–893
chemotherapy, 897, 903
dialysis patients, 1020, 1023–1024
heart failure, 370
HIV infected patients, 726
rheumatoid arthritis, 1142
sickle cell disease, 973

Erythropoietin level
anemia, 888, 890, 891

Escherichia coli, 628, 629, 669, 672, 757, 1080
Escitalopram, 1212
Esmolol, 274, 350, 399, 402, 415, 475, 1096,

1240
Esomeprazole, 793, 794, 795
Esophagus

carcinoma, 783
chest pain, 300–301
dilation, 783, 785, 787
dysphagia, 781
gastroenterology, 781–787
intubation, 414
reflux, 344
rupture, 444
spasm, 344, 784
varices, 827

Essential thrombocytopenia, 947, 948, 949, 950,
951, 952

Estrogens, 505, 659, 850, 986, 1024, 1164, 1168
Etanercept, 1140
Ethacrynic acid, 365
Ethambutol, 657, 658, 660, 662, 663, 1227
Ethanol, 1231, 1232, 1236, 1237, 1238, 1239,

1241. See also Alcohol use
Ethanolamine oleate, 768
Ethical issues, 119–127, 144, 171, 414, 842
Ethionamide, 661
Ethosuximide, 1204, 1206
Ethyl pyruvate, 1011
Ethylene glycol, 998, 1056–1057, 1058, 1231,

1232, 1234, 1236
Etidronate, 925, 926
Etiology

adrenal insufficiency, 1103–1104
aortic aneurysms, 479, 480
chorea, 1168
delirium, 1165
depression in hospitalized patients, 1210
headache, 1164
hospital-acquired pneumonia, 646
increased cerebrospinal fluid pressure, 1171
mono- and polyarticular arthritis, 1113–1114
stroke, 1177
ventricular arrhythmias and cardiac arrest,

411–412
vertigo, 1166

Etomidate, 244, 1188
Etoposide, 899, 900, 901, 902, 904, 934, 958
Evaluation. See also Assessment; Physical

examination
abdominal aortic aneurysm, 482
abdominal pain in gastrointestinal disease,

753–754
adrenal insufficiency, 1104
altered mental status in HIV infected patients,

745–746
anaphylaxis, 1222–1223, 1224
angina, 331–334
antineutrophil cytoplasmic antibodies, 1118,

1119
antinuclear antibodies, 1117
aortic intramural hematoma and dissection,

472–474
aortic stenosis, 381–382
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aortic valve disorders, 381–382, 384
appendicitis, acute, 860–861
asthma, 540–541, 542
back pain, 1154–1157
bacterial meningitis, 684–685
bowel ischemia, acute, 868
bowel obstruction, 874–875
cardiac arrest and resuscitation, after, 413, 414,

416–417
cellulitis, 676
chronic myeloproliferative diseases, 948–951
chronic obstructive pulmonary disease

(COPD), 532
cirrhosis, 819–820
clinical teaching in inpatient setting, 73
community-acquired pneumonia, 634–635
complement system, 1119
constrictive pericarditis, 450–451
cough, 521, 522
crackles, 518
Crohn’s disease, 804
Cushing syndrome, 1071–1073
cyanosis, 520
depression in hospitalized patients, 1209–1210
diverticulitis, 864–865
drug overdose, 1229–1234, 1236–1237, 1239,

1240
dysphagia, 781–782
dyspnea, 523
endocarditis, 693–695
erythrocyte sedimentation rate, 1116–1117
focal CNS lesions in HIV infected patients,

742–743
gout, 1143
heart failure, 360
hemoptysis, 524, 525
hepatic failure, 812–813
hepatomegaly, 760–761
hypercalcemia in oncologic emergencies, 924
increased intracranial pressure, 1187
interstitial lung disease, 556–557
intracranial hemorrhage, 1193–1194
IV catheter-associated infection, 704–705
joint pain and swelling, 1112, 1114–1115
limb ischemia, 487–488, 490–491
lung transplantation, 562
meningitis in HIV infected patients, 739–741
mitral regurgitation, 387
mitral stenosis, 385–386
necrotizing fasciitis, 679
neurologic oncologic emergencies, 918
oliguria and anuria, 999–1000
pericarditis, 443–444
pleural effusions, 578–580
pulmonary disease with HIV infection,

730–732, 733
pulmonary embolism, 505–506
pulmonary hypertension, 570–572
renal disease, 1001–1002, 1038–1040
renal transplantation recipient, 1029–1032
rheumatic factor, 1118
seizures, 1203, 1238
stroke, 1177, 1178
subdural hematoma, 1196
supraventricular tachyarrhythmias, 396–397
syncope, 423–425, 425–427, 426, 429
tactile fremitus, 520
thyroid disease, 1070, 1073–1074
trauma patient, 287–288
tricuspid regurgitation, 389
tuberculosis, 656–657, 662–663
ulcerative colitis, 801
urinary tract infection, 668, 671
wheezing, 519

Evaluation algorithms
acidosis, respiratory, 1060, 1061
acute myelogenous leukemia, 933
cirrhosis, 820
cirrhosis with ascites, 822
focal CNS lesions in HIV infected patients, 744
suicide, 1211

Evidence-based medicine, 51–56, 88, 153–154,
169–170, 343

Evidence-Based Medicine: Clinical Evidence, 53
Exclusion criteria for heart transplantation, 373,

374
Exercise electrocardiography, 252
Exercise rehabilitation program, 492
Exercise stress testing, 40, 339, 356, 382, 404
Exercise treadmill testing, 340, 426, 459–460
Exercise-induced hypoxemia, 557
Exocrine glands, 1139
Extension phase of acute renal failure, 1012
Extraarticular signs of arthritis, 1143, 1144, 1145
Extracardiac obstructive shock, 191–192, 193, 197
Extracorporeal membrane oxygenation (ECMO),

168
Extracorporeal shock-wave lithotripsy, 1041, 1043
Extramedullary hematopoiesis, 953
Extrapulmonary tuberculosis, 656, 659
Extrapyramidal side effects, 281, 1215
Extubation, 180–182
Exudative pleural effusions, 577, 578, 579, 580,

581
Eyedrops, 433, 537
Eyes, 1115, 1141

F
Facial fractures, 292
Facilitated angioplasty, 349
Factor V, 275, 459, 809, 811, 977, 982, 983
Factor VII, 988, 1194
Factor VIIa, 910
Factor VIII, 910, 975, 977, 987
Factor IX, 910, 975
Factor XI, 975
Factor XIII, 977
Faget’s sign, 607
Falls, 112, 115, 135, 282, 1200
False aortic aneurysms, 479
Familial Mediterranean fever, 442
Families, 28–29, 96–97, 413, 415, 469,

1165–1166
Family histories, 556, 570, 592, 606, 763, 975,

981
Famotidine, 793
Farmer’s lung, 550, 555
FAST (focused assessment for sonographic exam

in trauma), 288
Fat emboli syndrome, 185
Fatigue

asthma, 541, 544
cardiovascular disease, 298
chronic rejection after heart transplantation,

376
community-acquired pneumonia, 634, 643
constrictive pericarditis, 450
heart failure, 360
hypokalemia, 1050
mitral regurgitation, 387
mitral stenosis, 385
sinus node dysfunction, 431

Fecal impaction, 759
Fecal leukocytes, 757
Fee-for-service, 12, 84, 97
Felbamate, 1206
Felodipine, 722
Felty’s syndrome, 1142
Femoral vein cannulation, 220–221
Fenoldopam mesylate, 264, 466, 467, 468, 470
Fentanyl, 131, 132, 134, 244, 263, 354, 722
Fetal monitoring, 292
Fever

asthma, 541
bacterial meningitis, 683
bowel obstruction, 874
cholangitis, 833, 834, 836
diverticulitis, 864, 865, 867
endocarditis, 693, 694, 696, 698, 699
HIV infection, 723–724
immunocompromised hosts, 614, 615, 616–619

infectious disease sign, as, 597–607
liver transplantation, 844–845, 845–846, 847
multiple pulmonary nodules, 592
necrotizing fasciitis, 678, 679
noninfectious causes, 598, 599, 600
non-infectious causes, 615, 618
pacemakers, 439
pericarditis, 442, 443, 445, 447
pneumonia, 634, 643
pregnancy, 276–277
renal transplantation, 1035
seizures with drug overdose, 1239
spontaneous bacterial peritonitis, 823
stroke, 1176, 1181
thyrotoxic storm, 1093, 1094, 1096
transfusion reactions, 913
tuberculosis, 655
unknown origin, 604–607
urinary tract infection, 671

Fibrates, 379
Fibric acids, 353
Fibrin degradation products, tests for, 978
Fibrinogen, 459, 910, 976
Fibrinolysis. See Thrombolytic therapy
Fibrinolytic therapy. See Thrombolytic therapy
Fibrosing cholestatic hepatitis, 847
Filgrastim, 904, 905
Fine needle aspiration, 889, 1107
Fishbone diagrams for root cause analysis (RCA),

152, 153
Fisher scale, 1190
Fistulae

arteriovenous, for hemodialysis, 1017, 1018, 1022
Crohn’s disease, 804, 806
diverticulitis, 864, 865, 867
enteral nutrition tube, 103

5-aminosalicylic acid, 850
5-HT3 antagonists, 263, 897, 903
Flatus, 873, 875
Flecainide, 304, 399, 400, 403, 404, 419, 722
Flow-volume curves, 526, 532
Fluconazole

acute myelogenous leukemia, 934
esophageal disorders, 785
hematopoietic cell transplantation, 959, 961
HIV infected patients, 725
meningitis in HIV infected patients, 740
neutropenic hosts, 619
pulmonary disease with HIV infection, 730
urinary tract infection, 669, 670, 672
warfarin, interfering with, 512

Flucytosine, 741
Fludarabine, 943
Fludrocortisone, 429, 1105
Fluid intake, oral, 428, 758, 960, 1043
Fluid resuscitation, 193–195, 203, 205, 268, 482,

859
Fluid volume status. See also Blood transfusions

anesthesia, 243
arrhythmias, 404, 418
blood components, 909
bowel obstruction, 874
cardiac arrest and resuscitation, after, 414
gastrointestinal disorders, 774, 791
heart failure, development of, 371
hydration, 141, 222, 912, 942–943
increased intracranial pressure, 1188
interstitial lung disease, 557
jugular venous pressure, 307
monoamine oxidase inhibitors, 250
myocardial infarction, 352, 355, 356, 357
oliguria and anuria, 999, 1000, 1001
pancreatitis, 849, 853, 854, 856
renal failure, acute, 1010, 1012, 1014
shock, 191, 192, 193, 197
subarachnoid hemorrhage, spontaneous, 1191,

1192
supraventricular tachyarrhythmias, 397, 404
surgery, 245, 246
syncope, 424
transplantation patients, 377, 469–470
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trauma, 288, 291
urinary tract infection, 671, 672

Flumazenil, 159, 811, 1204, 1230, 1237
Flunisolide, 272
Fluorine-18 deoxyglucose positron emission

tomography (FDG-PET) scanning, 939
Fluorinef, 1106
Fluoroquinolone antibiotics

action of, 627
anaphylaxis, 1224
cellulitis, 676, 677
chronic obstructive pulmonary disease, 534
Crohn’s disease, 805
diarrhea, 603, 759
meningitis, 687
plague, 715
pneumonia, 638, 639, 641, 642, 643, 648, 649
resistant pathogens, 624, 628, 629
Salmonella infections, 604
seizures, 1204
tuberculosis, 659
ulcerative colitis, 802
urinary tract infection, 669, 670, 671, 672, 673

Fluoroscopy, 227
Fluorouracil, 897, 899, 900, 901, 902
Fluoxetine, 1212, 1232
Fluoxymesterone, 952
Flurazepam, 722
Fluticasone, 272
Fluvoxamine, 1232
Focal aortic aneurysms, 479
Focal neurologic abnormalities, 225, 742–745,

1175, 1200
Fogarty catheters, 524
Folate levels, 895, 896
Folate supplements, 891, 893, 1050
Folic acid, 814, 893, 896, 1129, 1232
Folinic acid, 743
Follicular lymphomas, 940
Follow-up care. See also Discharge issues

alcohol withdrawal, 1249
angina, 340–341
asthma, 545, 546
chemotherapy, 905–906
chronic obstructive pulmonary disease, 536
elderly patients, 115
heart failure, 370, 371
medical consultation, 236
pacemakers, 439
patient satisfaction, surveys regarding, 94
pericarditis, 452
pharmacists, by, 159
prosthetic heart valves, 390
psychiatric, for heart transplant patients, 379
renal transplantation, 1032, 1033
supraventricular tachyarrhythmias, 403–404
syncope, 430
thoracic aortic aneurysms, 481
vasculitis, 1123, 1129–1130
ventricular arrhythmias and cardiac arrest,

419–420
Fomepizole, 1058, 1231, 1232
Fondaparinux, 500, 501
Food. See Diet and Nutrition
Forced expiratory flow (FEF), 526
Forced expiratory volume (FEV), 525, 526, 540,

542
Forced vital capacity (FVC), 525–527
Foreign bodies, 519, 540, 570
Formoterol, 534
Foscarnet, 962, 1050, 1204
Fosphenytoin, 1201, 1202
Fournier’s gangrene, 679
Fractures, 257, 290, 291, 292, 1157, 1158, 1159
Fragmin, 511
Frank-Starling mechanism, 359
Fraxiparin, 511
Fremitus, tactile, 520
French-American-British Cooperative Group

(FAB) system of classification of Acute
Leukemia, 929, 931

Frequency of urination, 667, 668
Functional somatic disorders, 279, 282–283, 284
Funeral homes, 144
Fungal infections, 390, 669, 672, 685
Furosemide

anaphylaxis, 1224
cirrhosis with ascites, 821, 822
heart failure, 363, 365, 366, 367
hypercalcemia in oncologic emergencies, 925,

926
hypertension, emergent, 467
myxedema coma, 1099
pancreatitis, 850
pericarditis, 451
pulmonary edema in dialysis patients, 1021
pulmonary hypertension, 574
renal disease, 1002, 1010
thrombocytopenia, 977

Fusiform aortic aneurysms, 479

G
Gabapentin, 135, 1204, 1206
Gabexate, 853
Gadolinium-enhanced magnetic resonance

imaging, 460
Gallbladders, 273–274. See also Cholecystitis
Gallium lung scanning, 559
Gallop rhythms, 309, 360, 368
Gallstones, 834, 850, 851, 852, 855, 857, 966.

See also Cholecystitis
Gamma globulin, 894, 985
Gamma hydroxybutyric acid (GHB), 1231, 1236,

1241
“Gamma knife,” 919
Ganciclovir, 380, 564, 621, 723, 785, 811, 846,

960, 962
Gangrene, 458, 486, 491, 499, 830, 833
Gastric lavage, 1023
Gastritis, 790
Gastroenterologists, 802, 803, 805, 806, 853
Gastroesophageal reflux disease, 273, 541, 781,

783, 785–786
Gastrointestinal disorders

bleeding, 75, 89–90, 428, 767–779, 768–773,
774–778, 790, 945

dialysis patients, 1022–1023
gastropathy, 790
heart transplantations, 378, 380
infections in neutropenic hosts, 616
motility disruption, 752, 753
myocardial infarction, 344
nonsteroidal anti-inflammatory drugs

(NSAIDS), 262
pregnancy, 273–274
signs, symptoms, and laboratory abnormalities,

751–765
trauma, 292

Gastrointestinal system
abdominal aortic aneurysm, 481
antidepressants, 1212, 1214–1215
bowel ischemia after cardiac arrest and

resuscitation, 413
chest pain, 299, 300–301
enteral nutrition, 103, 106
losses from causing hyponatremia, 1045
malnutrition, 100, 112, 113
myxedema coma, 1098
postoperative care, 265, 268
rheumatic diseases, 1138–1139, 1140
right ventricular (RV) failure, 368

Gatifloxacin
community-acquired pneumonia, 638, 639, 643
fluoroquinolone antibiotic, 627
meningitis, 687, 689
tuberculosis, 661
urinary tract infection, 669, 670, 672

Gaucher’s disease, 886
G-CSF, 897
Gefitinib, 550
Gemifloxacin, 638

Gender differences, 298, 472, 479, 1114
Genetic

hemolytic anemias, 888, 890
hereditary spherocytosis, 892

Genetic counseling, 890, 965
Genetic predisposition

abdominal aortic aneurysms, 479
aneurysms with subarachnoid hemorrhage,

1190
bleeding disorders, 975, 976, 980–984,

986–987
chronic obstructive pulmonary disease, 531
systemic lupus erythematosus, 1135

Genitourinary system, 383, 387, 389, 390, 1115
Gentamicin

as aminoglycoside, 625
cholecystitis, 832
combination therapy, 624
endocarditis, 696, 698
enterococci, 629
hospital-acquired pneumonia, 648, 649
liver transplant patients, 621
meningitis, 688
plague, 715
urinary tract infection, 670, 672
vancomycin-resistant enterococci, 630

Geriatric Depression Scale, 1211
Giant cell arteritis, 1116, 1124–1125
Gilbert’s disease, 762, 764
Gitelman syndrome, 1050
Glargine insulin, 1081, 1082
Glasgow Coma Scale, 170, 288, 416, 688, 745,

1187, 1188, 1194
Glasgow criteria for acute pancreatitis, 852
Glaucoma, 467
Glipizide, 1024, 1090
Glomerular filtration rate, 998, 1000, 1003, 1024
Glomerulonephritis, 1125, 1126, 1127
Glucagon, 1090, 1223, 1227, 1230, 1237
Glucocorticoid replacement therapy

adrenal insufficiency, 1105, 1106, 1107
anaphylaxis, 1223
Cushing syndrome, 1073
delirium, 1165
dialysis patients, 1020
hypokalemia, 1050
hypothermia, 607
idiopathic thrombocytopenic purpura, 986
interstitial pneumonia, 962
preoperative evaluation, 258
sepsis with shock, 205
thyroid disease, 1075, 1096
tuberculosis treatment, interactions with, 659

Glucose levels
alcohol intoxication, 1244
antipsychotic medications, 281
cerebrospinal fluid, 684, 686
delirium, 282
diabetes mellitus, 1024, 1079–1091
dialysis patients, 1019, 1024
drug overdose with altered level of

consciousness, 1236, 1237, 1238
endocrinology, 1090
hyponatremia, 1045
hypothermia, 607
management of, 1079–1089, 1091
oliguria and anuria, 999
pancreatitis, 853, 854, 857
peripheral artery disease, 459
postoperative care, 261
status epilepticus, 1201, 1203

Glucose supplements
alcohol withdrawal, 1248
dextrose, 107, 1018
diabetes mellitus, 1081, 1084, 1090, 1091
drug overdose, 1231, 1232, 1237
hyperkalemia, 1052
hypoglycemia, 1090
myxedema coma, 1099
status epilepticus, 1201
thyrotoxic storm, 1096
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Glulisine insulin, 1082
Glutathione, 1011
Glyburide, 1024, 1090
Glycopeptide antibiotics, 626
Glycoprotein IIb/IIIa (GPIIb/IIIa) inhibitors, 338,

339, 345, 346, 347, 349–350, 354, 357,
977

GM-CSF, 897, 961
Goiter, 1069–1071
Gold compounds, 801, 895, 977
GoLytely, 1235
Gonococcal arthritis, 1143, 1149–1150
Goodpasture syndrome, 524
Gorlin equation, 382, 386
Gout, 210, 600, 1112, 1113, 1114, 1143,

1145–1148, 1151
Gouty arthritis, 457
Graft-versus-host disease

blood transfusions, 908, 914, 915
hematopoietic cell transplantation, 955–956,

958–959, 961, 962–963
toxic epidermal necrolysis, 1223

Graft-versus-tumor reaction, 955, 956–957
Graham Steell murmur, 385
Grain handler’s lung, 550
Gram stain

cerebrospinal fluid, in meningitis, 684, 685,
686, 687

community-acquired pneumonia, 634–635
fever and rash, 602
IV catheter-associated infection, 704
prosthetic heart valves, 390
septic arthritis, 1150
synovial fluid in arthritis, 1145, 1146, 1149,

1150
urinary tract infection, 668, 670, 672

Granisetron, 263, 756, 897, 905
Granulocyte colony stimulating factor

hypokalemia, 1050
Granulocyte colony stimulating factor (G-CSF),

907, 956
Granulocytes, concentrates of, 907, 911
Granulocytopenia, 614, 615–619
Graves’ disease, 1070
Greenfield filters, 511
Grey Turner’s sign, 849
Griseofulvin, 512
Guaifenesin, 522
Guanethidine, 1213
Guidewire exchange, 215–217, 222, 708
Guillain-Barré syndrome, 523
Gynecomastia, 588, 591

H
Haemophilus influenzae, 534, 683, 687, 690, 691
Haldane effect, 533
Haldol, 263, 282, 304
Hallpike maneuver, 1167
Hallucinations, 280
Hallucinogens, 1166, 1204
Haloperidol, 143, 280–281, 282, 1230, 1237,

1240, 1249
Halothane, 764, 810
Hand hygiene, 614, 619
Hapten, 1226
Harris-Benedict equation, 101–102
Harvard Medical Practice Study, 147, 148
Hashimoto’s thyroiditis, 1070
Head injury, 282, 288–290, 292–293, 348
Headaches, 225, 276, 463, 683, 1124, 1163–1164,

1172, 1182, 1190
Health care system and bioterrorism, 711–713,

716, 717
Health Insurance Portability and Accountability

Act (HIPAA), 67, 126
Health maintenance organizations (HMOs), 12
Health Plan Employer Data and Information Set

(HEDIS), 80, 88
Healthcare power of attorney, 122–123, 124
Healthcare Quality and Research, 153

Hearing, 112, 115, 1167
Heart anatomy, 329, 384, 693, 694
Heart block, complete, 351
Heart failure

anemia, 312
angiotensin-converting enzyme inhibitors, 351
anxiety, 280
aortic regurgitation, 384
aortic stenosis, 381, 382, 383
cardiac catheterization, 339
cardiovascular medicine, 359–371
chest radiography, 312
heart transplantation, 373, 377, 379
idiopathic pulmonary fibrosis, 553
myocardial infarction, 343, 351, 352
pacemakers, 440
pericarditis, 451
preoperative evaluations, 254258
prosthetic heart valves, 389–390
reversible, 374
right-sided, 572, 574
supraventricular tachyarrhythmias, 397
ventricular arrhythmias and cardiac arrest, 409

Heart rate, 375, 431, 432
Heart sounds

cardiovascular disease, 308–309
chest pain, examining patients with, 301
palpitations, 305
peripheral artery disease, 458
physical examination for angina, 333
pregnancy, 271
preoperative evaluation, 254
pulmonary hypertension, 569
right ventricular (RV) failure, 368
scleroderma, 1138

Heart transplantation, 307, 368, 370, 373–380,
379

Heart-lung transplantation, 562, 563, 575
Heat, application of for pain, 131
Helical computed tomography, 275
Heliobacter pylori, 789–790, 791, 792–793,

793–794, 937
Heliox, 544
HELLP syndrome, 272, 274
Hematemesis, 768, 774, 776
Hematochezia, 768, 774, 775
Hematocrit, 245, 257, 312, 464
Hematologists, 988, 991
Hematology-oncology

dialysis patients, 1023–1024
preoperative evaluation, 257–258
signs, symptoms, and laboratory abnormalities,

885–896
Hematomas, 224, 471–477, 761, 762
Hematopoietic cell transplantation, 614, 615,

622, 896, 952, 955–963, 972
Hematopoietic growth factor

acute leukemia, 934, 936
chemotherapy, 897, 899, 903, 905
infection in lymphoma patients, 943–944
peripheral blood stem cells for transplantation,

956, 958, 959
Hematuria, 481, 668, 672, 861, 1037, 1039
Hemiparesis, 1175
Hemodialysis

alcohol intoxication, 1244
drug overdose, 1231, 1232, 1233, 1235–1236,

1239, 1241
hepatorenal syndrome, 826
hospitalized patients, 1017–1018, 1019, 1020
seizures, 1204
tuberculosis treatment, 659
tumor lysis syndrome, 943
vancomycin, 626

Hemodynamic augmentation, 1192
Hemodynamic status. See Fluid volume status
Hemofiltration, continuous, 607
Hemoglobin A1C level, 459, 1091
Hemoglobin in sickle cell disease, 965
Hemoglobin levels, 245, 257, 312, 910, 1020
Hemoglobinemia, 912

Hemoglobinopathy, 956
Hemoglobinurina, 912
Hemolytic streptococcal gangrene, 675, 676, 678,

679
Hemolysis, 888, 891, 892, 893, 911, 912–913,

965, 966
Hemolytic anemia, 886, 887
Hemolytic uremic syndrome, 273, 276, 379, 757
Hemophilia, 975, 976
Hemophilia A (factor VIII deficiency), 975
Hemophilia B (factor IX deficiency), 975
Hemoptysis, 344, 480, 523–525, 551, 553, 569,

575, 655, 661
Hemorrhage. See also Bleeding

acute limb ischemia, 488
aortic aneurysms, 479, 480, 481, 482
hemoptysis, 523–525
hypovolemic shock, 191, 192
liver transplantation, 843–844
pathologic disorders, 975–980, 984–988
postpartum, 276
stroke, 1175–1176, 1177
thrombolytic therapy, 347
ventricular arrhythmias and cardiac arrest, 411,

417
viral hemorrhagic fevers, 716
volume replacement, 911

Hemothorax, 290, 577, 580
Heparin

angina, 338, 339
atrial fibrillation, 401
bleeding disorders, 977, 978, 985, 989, 990
bowel ischemia, acute, 869
cardiac arrest and resuscitation, after, 414
cardiac catheterization, 325
chronic myeloproliferative diseases, 952
deep vein thrombosis, 495, 497, 498, 499, 500,

501, 502
diabetic ketoacidosis and hyperosmolar

hyperglycemic nonketotic syndrome, 1089
dialysis patients, 1025
hyperkalemia, 1051
limb ischemia, 488, 489, 491
lumbar puncture, 1172
myocardial infarction, 52, 345, 346, 347, 349,

350, 353, 354, 356, 357
peptic ulcer disease in dialysis patients, 1023
pneumonia, 639, 640, 649, 650
postoperative care, 265, 266, 267
pregnancy, 275
prosthetic heart valve thrombosis, 390
pulmonary embolism, 506, 509–510, 511, 512,

513, 523
regional anesthesia, 244
renal tubular acidosis, 1058
shock, 197–198
stroke, 1179, 1180, 1181, 1182
superior vena cava syndrome, 923
supraventricular tachyarrhythmias, 397, 403
thrombocytopenia, 977
veno-occlusive disease of the liver, 960
venous thromboembolism, 179

Heparin-induced thrombocytopenia, 275, 499,
501–502, 509–510, 989

Hepatic disorders. See also Liver chemistries; Liver
transplantation

abdominal injury, 291
Bosentan, 574–575
deep vein thrombosis, 498
encephalopathy, 820, 845
focal lesions, 760, 761
hemoptysis, 524
hepatic artery thrombosis, 844
hepatic venous thrombosis (Budd-Chiari

syndrome), 760, 761
hepatocellular carcinoma, 827
hepatocellular damage, 763
hepatojugular reflux, 307
hepatomegaly, 360, 759–761, 887
hepatotoxicity, 627, 638, 1230, 1235
liver disease, chronic, 812
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mitral regurgitation, 387
pericarditis, 450
pregnancy, 273, 274
right ventricular (RV) failure, 368
total parenteral nutrition, 108
trauma patients, 293
tricuspid regurgitation, 389
tuberculosis treatment, 659

Hepatic failure, 192, 382, 764, 809–810,
809–816, 812

Hepatic function, 312, 351, 996
Hepatitis, 570, 725, 760, 809–816, 812, 1022
Hepatitis A, 809, 810, 812
Hepatitis A vaccination, 823, 825, 826
Hepatitis B

cirrhosis, 827
hepatic failure, 809, 810, 811, 812, 813, 814
liver transplantation, 847
transmission precautions, 814, 909, 914

Hepatitis B immune globulin (HBIg), 847
Hepatitis B vaccination, 823, 825, 826, 1022
Hepatitis C, 814, 847, 909, 914
Hepatocyte growth factor, 1011
Hepatologists, 813, 814, 820, 823, 826
Hepatopulmonary syndrome, 842–843
Hepatorenal syndrome, 826–827
Hepatosplenomegaly, 725, 760
Herniation

bowel obstruction, 879
brain, 289, 1187, 1189

Heroin, 1232
Herpes virus infections, 563, 613, 846, 934
Hetastarch, 194
Hibernating myocardium, 318, 321, 369
Hibiclens®, 209, 215, 222, 225, 226
High-density lipoprotein (HDL) cholesterol

levels, 341
Highly interactive antiretroviral therapy (HAART),

722, 840
Hip joints, 83, 257, 1149
Hirudin, 345, 350
Hirulog, 345, 350
His-Purkinje system, 395, 432, 435
Histamine2 (H2) receptor antagonists

anaphylaxis, 1223
cardiac arrest and resuscitation, after, 414
cough, 522
esophageal disorders, 786
gastrointestinal bleeding, 771
hepatic failure, 811
hospital-acquired pneumonia, 652
peptic ulcer disease, 793, 795, 796, 1023
stress ulcers, 179, 293

Histoplasmosis, 603
Histories, patient. See also Family histories

abdominal emergencies, 860
abdominal pain in gastrointestinal disease, 753
alcohol withdrawal, 1244–1245, 1246
anaphylaxis, 1222, 1225
anemia, 890, 891
angina, 331–333, 335
arthritis, 1144, 1145, 1148
bleeding disorders, 975, 981
cardiac arrest and resuscitation, after, 413, 414
chest pain, 297–301
community-acquired pneumonia, 634
drug overdose, 1229, 1234
esophageal disorders, 781
fever, 598, 602, 606, 608
gastrointestinal bleeding, 768, 774
heart failure, 360
hepatic failure, 812
hepatomegaly, 760
hypertension, emergent, 463
increased intracranial pressure, 1187
interstitial lung disease, 556
intracardiac defibrillator shocks, 418
joint swelling, 1112, 1113, 1114–1115
liver transplant recipients, evaluation of, 841
myocardial infarction, 344
neurologic symptoms, 1163, 1164, 1166, 1170

neutropenic hosts, 615
oliguria and anuria, 999
palpitations, 304–305
peptic ulcer disease, 791
pericarditis, 443
peripheral arterial disease, 455–456, 457
preoperative evaluations, 249
pulmonary disease with HIV infection, 729–730
pulmonary hypertension, 570, 571
relative bradycardia, 607
renal transplantation, 1029
respiratory failure, acute, 184
sepsis, 201–202
syncope, 425, 426
trauma patients, 288, 292
unreliable, 251
urinary tract infection, 671

Hoarseness, 385, 480, 569
Hodgkin’s disease, 447, 937, 941, 957
Holosystolic murmurs, 387, 389
Holter monitors, 304, 305, 410, 411, 417, 425,

426
Homocysteine, 330, 341, 459
Horder’s spots, 607
Hormone therapy, 920, 925, 926, 1156
Hospice, 143
Hospital Infection Control Practices Advisory

Committee (HICPAC), 708
Hospital information systems, 67–68
Hospitalists, 3–4, 6, 17–21, 23–29, 68
Hospitalization, indications for

abdominal aortic aneurysm, 482
acquired atrioventricular block, 432, 433, 434,

435
acute coronary syndromes (ACS), 329, 330
alcohol withdrawal, 1246
anaphylaxis, 1222, 1223
angina, 329, 330, 331–339, 337
aortic intramural hematoma and dissection,

474–475
aortic regurgitation, 384
aortic stenosis, 382
appendicitis, acute, 861
ascites with cirrhosis, 821
asthma, 543–544
back pain, 1153–1154
bowel ischemia, acute, 868
bowel obstruction, 876
cellulitis, 676
central nervous system vasculitis, 1131
chest pain units helping to define need for, 339
cholangitis, 834
cholecystitis, 831
chronic myeloproliferative diseases, 952
chronic obstructive pulmonary disease,

532–533
community-acquired pneumonia, 635–637
Crohn’s disease, 804–805
deep vein thrombosis, 495, 496
diverticulitis, 865
drug overdose, 1234
endocarditis, 695–696
gastrointestinal bleeding, 769–770, 774–775
gastrointestinal disease, 757
gonococcal arthritis, 1150
gout, 1147
heart failure, 359, 360
heart transplantation rejection, 376–377, 378
hepatic failure, 813
hospitalists interfacing with emergency

department physicians, 26
hospitalists interfacing with observation units,

27
hypercalcemia in oncologic emergencies,

924–925
hypertension, emergent, 465
hypoglycemia, 1090
interstitial lung disease, 557
intracranial hemorrhage, 1194
IV catheter-associated infection, 705–707
limb ischemia, 486, 488, 491

meningitis, 685–687
mitral regurgitation, 387–388
mitral stenosis, 386
myocardial infarction, 344
neurologic complications in HIV infected

patients, 741, 743, 746
neurologic oncologic emergencies, 918–919
neutropenic hosts, 616
peptic ulcer disease, 791
pericarditis, 444, 451
pleural effusion, 580
pneumothoraces, 583
psychiatric units, to, 284
pulmonary disease with HIV infection, 732,

734
pulmonary embolism, 495
pulmonary hypertension, 572
renal disease, 1002, 1009, 1040–1041
respiratory failure, acute, 185
rheumatic disorders, 1136
sepsis, 203
sickle cell disease, 968
sinus node dysfunction, 432
stroke, 1178–1179
subarachnoid hemorrhage, spontaneous, 1190
subdural hematoma, 1196
supraventricular tachyarrhythmias, 397–398
syncope, 427–428
thoracic aortic aneurysms, 481
tuberculosis, 657, 663
urinary tract infection, 669, 671–672
vasculitis, 1127

Host flora, normal, 624, 625
Howell-Jolly antibodies, 950
HTLV-I-associated T-cell lymphomas, 943
Human immunodeficiency virus (HIV)

fever of unknown origin, 604
liver transplant eligibility, 840–841
lymphadenopathy, 889
lymphomas, 941
nephropathy, 726
neurologic complications, 739–747
pain management, 135
pericarditis, 447
pooled plasma products, 909
protease inhibitors, 721, 722
pulmonary hypertension, 570
pulmonary manifestations, 588, 589, 591,

729–737
RNA levels, serum, 722
security in clinical information systems, 67
signs, symptoms, and laboratory abnormalities,

721–727
transfer of, in blood transfusions, 914
tuberculosis, 662–664

Human leukocyte antigens (HLAs), 374, 913,
956, 1029

Human T-cell lymphotropic virus (HLTV), 914,
937

Hunt Hess classification, 1190, 1191
Huntington’s disease, 1168
Hydralazine

acute pericarditis, 442
anemia, 891
antinuclear antibodies, 1117
aortic regurgitation, 384
drug overdose, 1239
heart failure, 364, 369
hypertension, emergent, 467, 468, 469
intracranial hemorrhage, 1195
lymphadenopathy, 889
pregnancy, 273
subarachnoid hemorrhage, spontaneous, 1191

Hydrocephalus, 1191, 1195
Hydrochloric acid, 1060
Hydrochlorothiazide, 850, 1010
Hydrocodone, 131, 132, 958, 1232
Hydrocortisone

adrenal insufficiency, 1105, 1106
Crohn’s disease, 805
enemas for ulcerative colitis, 802
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heart transplantations, 379
hypopituitarism, 1076
myxedema coma, 1100
pregnancy, 275
preoperative evaluation, 258
shock, 197
thyrotoxic storm, 1096
ulcerative colitis, 802

Hydrodiuril, 850, 1010
Hydromorphone, 131, 132, 134, 969, 1021
Hydronephrosis of pregnancy, 276
Hydroxychloroquine, 1136, 1139
Hydroxydaunorubicin, 899
Hydroxy-ethyl starch, 194
Hydroxymethylglutaryl coenzyme A (HMG CoA)

reductase inhibitors, 345, 352–353
Hydroxyurea

acute myelogenous leukemia, 933
anemia, 891
chronic myeloproliferative diseases, 951, 952,

953
sickle cell disease, 966, 970, 971, 972, 973

Hydroxyzine, 969
Hyoscyamine, 784
Hyperadrenergic syndromes, 467
Hyperaldosteronism, 469, 1048
Hyperbaric oxygen, 679, 681
Hypercapnia, 533, 557, 1097
Hypercoagulability

acute limb ischemia, 487, 488
bowel ischemia, acute, 869
deep vein thrombosis, 497, 498–499, 500
hospitalized patients, in, 989–991
pregnancy, 275
pulmonary embolism, 505, 510
thrombotic disorders, 980–981, 982

Hypercortisolism, 591
Hyperemesis gravidarum, 273
Hypereosinophilic syndrome, 947
Hypergammaglobulinemia, 553
Hyperhomocysteinemia, 982, 983–984
Hyperlipidemia, 722
Hyperosmolar hyperglycemic nonketotic

syndrome, 1086–1089
Hyperparathyroidism, 1020
Hyperproductive, normocytic anemia, 891
Hyperproductive anemia, 892
Hypersensitivity pneumonitis, 185, 187, 550,

555–556
Hypertension

abdominal aortic aneurysm, 481
aortic intramural hematoma and dissection,

472, 473, 474, 475, 476
atherosclerotic plaque events, 330
cardiac risk factors, 340, 341
chronic aortic regurgitation, 383
dialysis patients, 1020
echocardiography, 323
heart failure, 359, 360, 369
heart transplantations, 379
intracranial hemorrhage, 1194–1195
living donors for renal transplantation, 1027
peripheral artery disease, 457, 458, 460
postoperative care, 261, 264
pregnancy, 272–273
preoperative evaluation, 254, 256
renal disease, 1004
renal transplantation, 1036
secondary, 469–470
stroke, 1182
thoracic aortic aneurysms, 480
thrombolytic therapy, 347, 348
urgent and emergent, 463–470
ventricular arrhythmias and cardiac arrest, 409

Hyperthermia, 1237, 1238
Hypertonic saline IV solutions, 193, 194
Hypertrophic cardiomyopathy, 254, 333, 382,

412
Hyperuricemia, 941, 942, 943
Hyperuricosuria, 941, 942, 943
Hyperventilation, 306, 1189

Hypnotic drugs, 534, 1099
Hypoaldosteronism, 1057
Hypochondriasis, 283
Hypogammaglobulinemia, 614–615
Hypoglycemic agents, oral, 659, 893, 1046, 1232
Hypopituitarism, 1076–1077
Hypoproductive, macrocytic anemia, 891
Hypoproductive, normocytic anemia, 891
Hypotension

acquired atrioventricular block, 433
aortic intramural hematoma and dissection,

475
cardiac tamponade, 442
cholangitis, 833
constrictive pericarditis, 451
dialysis patients, 1019, 1021
drug overdose, 1239–1240
mechanical ventilation, 179
myxedema coma, 1100
oliguria and anuria, 1000
pericarditis, 443
postoperative care, 261
preoperative evaluation for thyroid function,

258
pulmonary embolism, 510
pulmonary hypertension, 572
shock, due to, 191–198
spinal cord injuries, 290
syncope, 423, 429
tension pneumothorax, 583
well-tolerated ventricular arrhythmias, 418

Hypothermia, 416, 634, 913, 1097, 1098, 1100,
1244

Hypotonic IV solutions, 193, 194
Hypoxemia

alkalosis, respiratory, 1064
arterial blood gases, 527
chronic obstructive pulmonary disease, 533
delirium in postoperative care, 263
interstitial lung disease, 559
pulmonary hypertension, 572
respiratory failure, acute, 184–185, 186
secondary spontaneous pneumothorax, 582

Hypoxia
asthma, 544
drug overdose with altered level of

consciousness, 1236, 1237, 1238
dyspnea, 523
hemoptysis, 524
pericarditis, 451
pulmonary embolism, 505, 509
right ventricular (RV) failure, 368
supraventricular tachyarrhythmias, 404

I
Iatrogenic complications

atheroembolism, 487
edema with renal disease, 1003
functional somatic disorders, 283
hypernatremia, 1049
patient safety, 147
pneumothorax, 577, 582–583
sepsis, 206

Ibuprofen, 445, 1232
Ibutilide, 399, 400, 402
Idarubicin, 899, 900, 901, 902, 934
Idiopathic bronchiolitis obliterans with

organizing pneumonia (BOOP), 550, 551,
552, 560

Idiopathic thrombocytopenic purpura, 985–986
IFEX/MESNEX, 902
Ifosfamide, 899, 900, 901, 902, 903, 904, 906
Ileus

abdominal pain in gastrointestinal disease, 752
appendicitis, acute, 863
bowel obstruction, 873–881
causes, 874
myxedema coma, 1098
nausea and vomiting in gastrointestinal disease,

755

pancreatitis, 849
postoperative, 265, 268, 878, 879
ulcerative colitis, 802

Imaging studies
adrenal insufficiency, 1107
hepatic failure, 813
interstitial lung disease, 557
neurologic complications in HIV infected

patients, 740, 745–746
pancreatitis, 851–852
peripheral artery disease, 460
seizures, 1201
stroke, 1175, 1177, 1178
Takayasu’s arteritis, 1124

Imatinib mesylate, 957
Imidazoles, 620
Imipenem

anthrax, 714
carbapenem antibiotics, 626
hospital-acquired pneumonia, 648, 649
meningitis, 689
neutropenic hosts, 617
pancreatitis, 855
resistant pathogens, 629, 630

Imipenem/cilastatin, 670
Imipramine, 134, 1212, 1233
Immobility, 112, 115, 188, 291, 505
Immune reconstitution syndrome, 722, 725, 742
Immune response, 103, 114, 599
Immunocompromised hosts

appendicitis, acute, 861
cellulitis, 676, 677
community-acquired pneumonia, 634
diarrhea in gastrointestinal disease, 759
esophageal disorders, 784–785
infections in, 613–622
IV catheter-associated infection, 707
meningitis, 683, 685, 686
nausea and vomiting in gastrointestinal disease,

755
tuberculosis, 655

Immunoglobulin, 377, 686, 893, 910, 1122, 1225
Immunoglobulin A (IgA), 908, 913
Immunoglobulin G (IgG), 610, 679, 910, 912
Immunoglobulin M (IgM), 610
Immunologists, 1226
Immunosuppression, 567, 803, 914, 937, 956,

1035
Immunosuppressive agents

anemia, 892, 893
gout, 1147
heart transplantation, 376, 378, 379–380
hematopoietic cell transplantation, 962–963
hypertension, emergent, 469–470
interstitial lung disease, 558
liver transplantation, 839
lung transplantation, 562, 563, 564
neutropenia, 894
pericarditis, 450
pregnancy, 276
pulmonary hypertension, 572
relative bradycardia, 608
renal transplantation, 1031
rheumatic diseases, 1115, 1116, 1138, 1139,

1141
spherical mass lesions, 589
vasculitis, 1124, 1125, 1129

Impedance plethysmography (IPG), 495
Implantable cardiac defibrillators, 351, 352, 355,

368, 410, 414, 417, 418–419, 420
Imuran, 1031
In situ arterial thrombosis, 486, 487, 488, 490
Indinavir, 997, 998, 1042
Indirect factor Xa inhibitor, 500
Indomethacin, 449, 977, 1147, 1164
Induction chemotherapy, 898
Infection. See also Sepsis

abdominal pain, causing, 753
acute myelogenous leukemia, 932–933
anemia, 888, 891, 892
aortic stenosis, 382
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arthritis, 1143, 1144, 1145, 1148–1151
asthma, 539
back pain, 1154, 1155, 1156
bioterrorism, 711–717
cellulitis and necrotizing fasciitis, 675–681
central nervous system vasculitis, 1130
cholangitis, 829, 835, 836, 837
consolidation on chest radiograph, 528
depression, 1210
diabetes mellitus, 1024, 1080, 1085
dialysis patients, 1021–1022, 1024
donor organs, 374
elderly patients, 112, 114
endocarditis, 383, 385, 387, 388, 693–700
esophageal disorders, 784–785
fever of unknown origin, 606
Granulocyte transfusions, 911
heart transplantations, 378, 379
hematopoietic cell transplantation, 959,

961–962
human immunodeficiency virus, 721–727,

729–737, 739–747
immunocompromised hosts, 613–622
intravenous catheters, 207, 216, 703–709
leukocytosis, 895
limb ischemia, 488, 489, 490, 491
limb viability, 458
liver transplantation, 844–845, 845–846, 847
lung transplantation, 563–564
lymphadenopathy, 887, 889
lymphomas, 943–944
meningitis, 683–691
Munchausen’s syndrome, 283
myxedema coma, 1099
neutropenia, 893
nosocomial, 206
pacemakers, 439
pancreatitis, 856
pericarditis, 442, 445, 447, 449
peripheral artery disease, 460
pneumonia, 633–644, 645–653
polymicrobial, 624
pregnancy, 274, 276–277
procedures, performing, 207, 210, 215, 216,

223, 225, 1143
prosthetic heart valves, 390
pulmonary, 588–590, 591, 592
renal stone and obstructive disease, 1038, 1041
renal transplantation, 1033, 1035
resistant pathogens and antibiotics, 623–631
rheumatic conditions, 1112, 1113, 1114, 1115,

1116, 1118
sepsis, 201
signs, symptoms, and laboratory abnormalities,

597–610
splenomegaly, 886, 887
Stevens-Johnson syndrome, 1223
supraventricular tachyarrhythmias in inpatients,

404
systemic lupus erythematosus (SLE), 1135, 1137
thyrotoxic storm, 1094, 1095, 1096
transfer of, in blood transfusions, 914–915
trauma patients, 292
tuberculosis, 655–664
urinary tract infection, 667–674

Infection control. See Isolation precautions
Infectious disease consultants, 610, 639, 689,

697, 741, 744
Infectious Disease Society of America, 638
Infectious Disease Society of America (IDSA), 616
Infectious mononucleosis, 608, 609, 937
Inferior vena cava (IVC) filters

deep vein thrombosis, 499, 501, 502
emboli after renal transplantation, 1035
hypercoagulability, 990
pulmonary embolism, 509, 511, 512
pulmonary hypertension, 572
spinal cord injuries, 292

Inflammation, 201, 293, 330, 331, 343, 613, 1145
Inflammatory bowel disease, 274, 799–806, 880
Inflammatory diarrhea, 757

Infliximab, 805, 1140
Influenza, 112, 114, 599
Influenza vaccinations, 83, 535, 537, 559, 615,

650, 683
Information technology, 63–68, 90, 157
Informed consent, 119, 120–121, 127, 283–284
Inhalation injury, 550, 555
Injuries, 287–293, 427, 429, 430, 1201, 1213, 1214
Inotropic agents, 316, 355, 363, 365, 371, 375,

388, 414
Institute of Medicine, 147–148, 149
Insulin

acute pancreatitis, 853, 854, 857
diabetes in dialysis patients, 1024
diabetes mellitus, 1080–1091
drug overdose, 1230, 1232
hepatic failure, 813
hyperkalemia, 1052
potassium disorders, 1049, 1050

Insulin, intravenous, 1080–1081, 1084–1086,
1087, 1088, 1089

Insulin, subcutaneous, 1081–1084, 1088, 1089
Insulin-like growth factor-1, 1011
Intensive care units

patients in, 163–172
roles of hospitalists, 7, 8

Intensive care units, admission to
anaphylaxis, 1223, 1224
aortic intramural hematoma and dissection,

475
aortic regurgitation, 384
aortic stenosis, 382
appendicitis, acute, 861
asthma, 544–545
back pain, 1157
bowel ischemia, acute, 868
bowel obstruction, 876
cellulitis, 676
central nervous system vasculitis, 1131
cholangitis, 834
cholecystitis, 831
chronic obstructive pulmonary disease

(COPD), 533
Crohn’s disease, 805
diverticulitis, 865
drug overdose, 1234–1235
dyspnea, 523
gastrointestinal bleeding, 770, 775
gout, 1147
heart failure, 359, 360
heart transplantation rejection, 376
hemoptysis, 524
hepatic failure, 813
increased intracranial pressure, 1188
interstitial lung disease, 557–557
intracranial hemorrhage, 1194
limb ischemia, 488, 491
meningitis, 685
mitral regurgitation, 388
mitral stenosis, 386
myxedema coma, 1098
neurologic complications in HIV infected

patients, 741, 743, 746
pancreatitis, 852–853
pericarditis, 444–445, 451
pleural effusion, 580
pneumonia, 637–638, 647
pulmonary disease with HIV infection, 732
pulmonary embolism, 509
pulmonary hypertension, 572
renal disease, 1009, 1041
respiratory failure, 185
sepsis, 203, 205
sickle cell disease, 968–969, 972
stroke, 1179
subarachnoid hemorrhage, spontaneous, 1190
subdural hematoma, 1196–1197
symptomatic ventricular arrhythmias, 411
syncope, 428
tuberculosis in HIV-infected patients, 663
ulcerative colitis, 801

urinary tract infection, 669, 672
vasculitis, 1127

Intensivists, 7, 8, 27, 164
Intensol, 132
Interferon, 1210
Interferon-�, 951, 953
Interleukin 2, 899
Interleukin 2-receptor blockade, 1031
Intermittent claudication. See Claudication
Intermittent positive pressure breathing (IPPB),

256, 265
Internal jugular vein cannulation, 217–218,

221–222
International normalized ratio (INR)

atrial fibrillation, 400
deep vein thrombosis, 496, 498, 499, 500
mitral stenosis, 387
postoperative care, 265
pulmonary embolism, 512
supraventricular tachyarrhythmias, 403–404, 406

International Society for Heart and Lung
Transplantation, 562

International Union Against Tuberculosis and
Lung Disease, 658

Interstitial lung diseases (ILDs), 549–560
Interstitial pneumonia, acute (Hamman-Rich

syndrome), 549, 550, 551
Interstitial pneumonitis, 185
Intraaortic balloon pumps, 167, 197, 339, 352,

355, 367, 370, 374, 388
Intracardiac shunts, 325
Intracranial bleeding, 282, 428, 1175–1176, 1179,

1180, 1181, 1193–1195
Intracranial neoplasm, 348
Intracranial pressure, increased, 685, 689, 741,

743, 746, 1164, 1185–1198
Intracranial pressure monitoring, 289, 689, 743,

1188, 1194, 1195
Intrahepatic cholestasis of pregnancy (ICP), 274
Intranodal calcification in a benign pattern

solitary pulmonary nodules, 589
Intrapleural instillation of fibrinolytic agents,

580, 581, 922
Intrapulmonary lesions, 587–593
Intrathecal administration of medication, 133,

920, 935
Intravascular devices, totally implanted (ports),

704
Intravascular ultrasound, 325
Intravenous catheters, 502, 599, 613, 703–709,

1022. See also Central venous catheters
Intravenous fluids

bowel ischemia, acute, 868
bowel obstruction, 874, 875, 877, 878, 879
Crohn’s disease, 805
diabetic ketoacidosis and hyperosmolar

hyperglycemic nonketotic syndrome, 1088
drug overdose, 1240
gastrointestinal bleeding, 769, 774
hepatic failure, 811
hypercalcemia in oncologic emergencies, 925
hypokalemia, 1050–1051
hyponatremia, 1047
ischemic colitis, 869
pancreatitis, 853, 854
paracentesis, 226, 822
renal failure, acute, 1010, 1012
shock, resuscitation with, 193–195
tumor lysis syndrome, 942, 943
ulcerative colitis, 802
urinary tract infection, upper, 670, 673

Intron, 902
Involuntary commitment, 284
Iodide, 274
Iodinated radiographic contrast dyes, 1095
Iodine, 1024

cutaneous, 209, 222, 226, 231
Iodine therapy, 1070, 1093, 1095, 1096, 1097
Iodixanol, 1012
Ipodate, 1075, 1095, 1096
Ipratropium bromide, 533, 534, 535, 543
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Irinotecan, 899
Iron chelation therapy, 973
Iron deficiency anemia, 888, 890, 892
Iron storage disease, 973
Iron supplements, 661, 753, 1020, 1023, 1234,

1235, 1239
Irradiation of blood products, 908, 914, 934, 935
Irreversible acute renal failure, 1007, 1008
Ischemia. See also Myocardial ischemia

acute tubular necrosis, 1015
arrhythmias following acute myocardial

infarction, 356
bowel, 600, 867–870
cardiovascular, tests for, 316
cerebral blood flow, 1186
digits, 1136, 1137, 1138, 1139
irreversible, in peripheral artery disease, 458
limbs, 457, 481, 485–492
mucosal, 752
preoperative testing, 251–252
splanchnic, 830
stroke, 1176–1177, 1179–1181
trauma to extremities, 292

Ischemic penumbra, 1176
Isolation precautions

bioterrorism incidents, 717
hepatitis, 814, 1022
hospital-acquired pneumonia, 649, 650
methicillin- and vancomycin-resistant

Staphylococcus aureus, 630, 631
plague, 715
pulmonary disease with HIV infection, 732, 734
smallpox, 715
tuberculosis, 657
viral hemorrhagic fevers, 716

Isometheptene, 1164
Isoniazid

coagulation factors, 977
drug overdose, 1234, 1238, 1239, 1241
hepatic failure, 810
HIV infected patients, 725
meningitis syndrome, 686
pericarditis, 442
renal transplantation, 1031
seizures, 1204
tuberculosis, 657, 658, 659, 660, 662, 663
warfarin, interfering with, 512

Isophane insulin, 1084
Isopropyl alcohol, 207, 210, 217, 223, 225, 227,

1236
Isoproterenol, 375, 417, 427, 433, 1230
Isosorbide dinitrate, 364, 1164
Itraconazole, 512, 564, 592, 730, 796

J
Janeway lesions, 202, 693, 694
Jarisch-Herxheimer reaction, 604
Jaundice, 763–764, 764–765, 809, 810, 812, 814,

833, 834, 846, 847
Jod-Basedow disease, 1070
Johns Hopkins Department of Medicine, 94, 96
Joint Commission on Accreditation of Healthcare

Organizations (JCAHO), 80, 81, 82, 83,
152, 165

Joints, 676, 1111–1112, 1143, 1144
Judkins technique, 325
Jugular venous pressure

acute pericarditis, 441, 443, 444
cardiac tamponade, 442
cardiogenic shock, 191
cardiovascular disease, 301, 306–307
heart failure, 360
preoperative evaluation, 254
right ventricular (RV) failure, 368

Jugular venous pulse, 305, 569
Juvenile myelomonocytic leukemia, 947

K
Kanamycin, 625, 661
Kaposi’s sarcoma, 528, 591, 724

Kawasaki syndrome, 1122
Kearns-Sayre syndrome, 434
Keith-Wagner III/IV changes, 468
Keratoconjunctivitis, 1141
Kerley B lines, 528
Kernig’s sign, 683
Ketamine, 244
Ketoacidosis, 1024, 1056
Ketoconazole, 304, 512, 659, 722, 796, 920,

1073, 1104, 1107
Ketones, 996
Ketorolac, 131, 445, 1012, 1041, 1232
Kidneys, 205, 1003, 1027
Killip Classifications, 344, 345, 346
Klebsiella infections, 528, 628, 629
Kleihauer-Betke test, 292
Knee replacement, 83
Kussmaul’s sign, 307, 368, 441, 450, 921

L
Labetalol, 264, 273, 400, 467, 468, 469, 470,

1180, 1191, 1195
Laboratory tests. See also specific tests

adrenal insufficiency, 1104–1106, 1107
alcohol withdrawal, 1246
angina, 333, 335–337
bleeding disorders, 976, 978–980, 981, 982, 989
cardiac arrest and resuscitation, after, 413, 414
cardiovascular disease, 312
chest pain, 299
cirrhosis, 820
Cushing syndrome, 1071–1072
dialysis patients, 1020
discharge from hospital, 32
drug overdose, 1234
dyspnea, 523
H. pylori, 792–793
heart failure, 360
hepatic failure, 810, 812, 813, 814, 815, 816
hospital-acquired pneumonia, 646, 647, 649,

650
infections, 608–610
interstitial lung disease, 556–557
myocardial infarction, 344
neurologic signs and symptoms, 1171–1172
nutritional status, 100–101
pancreatitis, 850–851, 850–852, 853, 854
parenteral nutrition, 107, 108
peripheral artery disease, 459
polymyositis/dermatomyositis, 1140
pregnancy, 272, 273, 274, 275
preoperative evaluation, 257
pulmonary disease with HIV infection,

730–731
pulmonary embolism, 506–508
pulmonary hypertension, 570–572
quality of in diagnostic testing, 41–42, 609–610
renal failure, acute, 1008–1009
respiratory failure, acute, 184–185
rheumatic diseases, 1116–1119, 1135–1136, 1139
roll-plate semiquantitative catheter culture

technique, 705
sepsis, 202, 203, 204, 205
specimen collection, 224, 609, 656, 663, 734,

737
stroke, 1177–1178
thyroid disease, 1070, 1073, 1074, 1075

Lactate dehydrogenase (LDH), 336, 730
Lactic acidosis, 250, 413
Lactose intolerance, 759
Lactulose, 753, 811, 814, 825, 826, 827, 1048
Lacunar infarction, 1176
Lamivudine, 811, 813, 827, 847
Lamotrigine, 1204, 1205, 1206
Language dysfunction, 1175. See also Speech

therapy
Lansoprazole, 793, 794
Laparoscopic surgery, 265, 833, 862, 880
Laparotomy, 291
Laryngeal edema, 189

Lasix, 467
L-asparaginase, 850, 935, 977
Latex agglutination test, 684, 685
Latex allergy, 1225, 1227
Laxatives, 1051, 1157
L-Carnitine, 1233
L-dopa, 753
Leapfrog Group, 80, 82, 83, 164
Leaving the hospital against medical advice, 125
Left ventricular assist devices (LVADs), 368, 374
Left ventricular ejection fraction, 352, 360,

369–370, 387
Left ventricular filling pressure, 361
Left ventricular function

angina, prognosis of, 335
aortic regurgitation, 383, 384, 385
cardiac arrest and resuscitation, after, 416–417
cardiac catheterization, 339
heart failure, 359, 369
implantable cardioverter defibrillators (ICDs),

368
myocardial infarction, 352
pacemakers, 439–440
preoperative evaluation, 250, 254
revascularization, 345, 355
stress echocardiography, 320–321
valvular heart disease, 389, 390

Left ventricular hypertrophy, 340, 381, 384, 387
Left ventricular thrombus, 350
Leg vascular studies, 506, 507
Legionella infections, 608, 620, 635, 638, 643
Length of stay

heart failure, 370, 371
Length of stay, economic aspects of, 14, 20–21,

90, 125–126, 406
Lente insulin, 1082, 1089
Leptomeningeal disease, 945–946
Leptospirosis, 603, 604
Leucovorin, 735, 899, 900, 906
Leukapheresis, 933, 956, 958
Leukemia, 447, 449, 615, 894, 895, 929–936, 948
Leukocyte esterase, 996
Leukocytes, 907–908, 913–914
Leukocytosis, 894–895, 948
Leukotriene inhibitors, 272
Leuprolide, 970
Levetiracetam, 1204, 1206
Levine’s sign, 331
Levo-Dromoran, 132
Levofloxacin

hypogammaglobulinemic hosts, 615
meningitis, 689
neutropenic hosts, 616
pneumonia, 638, 643, 648, 649
S. pneumoniae, 639
tuberculosis, 661
urinary tract infection, 669, 670, 672

Levorphanol, 131, 132
Levothyroxine, 1070, 1074, 1076, 1101
Lexapro, 1212
Liddle syndrome, 1060
Lidocaine

antidepressants, 1213
arterial puncture and cannulation, 207, 208
arthrocentesis, 210, 211
cardiac arrest and resuscitation, after, 414, 415,

416
drug interactions, 796
drug overdose, 1236
HIV infection drug regimen, 722
intravenous catheters, 217, 218, 219, 221
intubation with increased intracranial pressure,

1188
lumbar puncture, 223
myocardial infarction, 345, 351, 356
neuropathic pain, 135
paracentesis, 225, 226
supraventricular tachyarrhythmias, 400
thoracentesis, 227
ventricular arrhythmias, 410, 418
wide-complex tachycardia, 395
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Lidocaine, viscous, 785, 960
Life-sustaining interventions, 122, 124–125
Lightheadedness, 306, 343, 411, 424
Light’s criteria for pleural exudate, 578, 579
Likelihood ratios, 38–41, 315, 578–579. See also

Probabilities
Limbs, ischemia of, 472, 475, 481, 486–491
Lincomycin, 626
Linezolid, 627, 630, 648, 649, 676, 677, 687, 707
Lioresal, 1241
Lipase levels, 850, 851, 854, 935
Lipid levels, 340, 341, 459
Lipid lowering agents, 352, 353, 354, 375. See

also Statins
Lipoprotein (a) level, 459
Liposomal amphotericin, 619
Lisinopril, 351, 364, 365
Lispro insulin, 1082
Listeria infections, 150, 151, 276
Lithium therapy

delirium, 1165
drug overdose, 1229, 1232, 1235, 1236
leukocytosis, 894
myxedema coma, 1097
thyroid disease, 1075, 1095, 1096

Lithotripsy, 439, 1041, 1043
Livedo reticularis, 458, 481, 487
Liver chemistries

cholangitis, 834, 836
fever of unknown origin, 606
gastrointestinal disease, 762–765
HIV infected patients, 725
pancreatitis, 850, 851, 854
pulmonary hypertension, 571
sarcoidosis, 553

Liver transplantation
cirrhosis, 821, 822, 823
drug overdose, 1230
hepatic failure, 809, 810, 813, 814, 816, 839–848
hepatorenal syndrome, 826
prophylaxis for infections, 621

Living donors, 841–842, 846, 955–956
Logiparin, 511
Lomustine, 901, 904
Loperamide, 758, 759
Lorazepam

alcohol withdrawal, 1248
anxiety, 280
delirium, 282
drug overdose, 1230, 1237, 1239
end-of-life care, 143–144
meningitis, 689
nausea and vomiting, 263, 756
status epilepticus, 1201, 1202, 1203

Lortab, 132
Losartan, 366
Lovastatin, 512, 722, 1213
Lovenox, 511
Low-molecular-weight heparin

angina, 338, 339
chronic limb ischemia, 491
chronic myeloproliferative diseases, 953
deep vein thrombosis, 495, 497, 498, 499, 500,

501
hemorrhagic and thrombotic disorders, 985, 989
myocardial infarction, 345, 350
postoperative care, 265
pregnancy, 275
pulmonary embolism, 510, 511, 512, 513
regional anesthesia, 244
supraventricular tachyarrhythmias, 403, 406

Low-density lipoprotein (LDL) cholesterol levels,
340, 341

Lugol solution, 274, 1095
Lumbar puncture, 222–225, 684, 687, 740, 746,

825, 826, 918, 1171–1172, 1190
Lung cancer, 380, 447, 449, 528, 643
Lung sounds, 184, 301, 360, 361, 518, 569
Lung transplantation, 559, 561–564, 566–567
Lung volume reduction surgery, 565–567, 589
Lupus anticoagulant, 497–498, 500, 977, 981

Lyme disease, 432, 1144–1145, 1146, 1148
Lymphadenopathy

bubonic plague, 715
differential diagnosis, 887, 889
HIV infected patients, 723, 724, 727
infectious mononucleosis, 608
lymphoma, 937–938
splenomegaly, 886

Lymphangioleiomyomatosis, 557
Lymphedema, 491
Lymphoblastic lymphoma, 940–941
Lymphoceles, 1027
Lymphocytic interstitial pneumonia, 552
Lymphocytosis, 608–609, 895
Lymphocytotoxic antibodies, 1029
Lymphoma, 379, 380, 447, 449, 564, 591, 615,

847, 937–946
Lymphomatoid granulomatosis, 592
Lymphoproliferative disorders, 986

M
Macrobid, 669
Macrolide antibiotics

action of, 626
asthma, 543
chronic obstructive pulmonary disease, 534
community-acquired pneumonia, 638, 639,

640, 643
cyclosporine and tacrolimus, interaction with,

620
enterococci, 629
erysipelas, 677
palpitations, 304
renal transplantation, 1031

Magnesium levels, 356, 412, 1018, 1088, 1089
Magnesium sulfate, 273, 276, 416, 544, 1204, 1235
Magnesium supplements, 345, 352, 403, 414,

417, 1240, 1248
Magnetic resonance angiography, 507, 1131
Magnetic resonance imaging (MRI)

adrenal gland, 469
aortic aneurysms, 480, 481, 482, 483
aortic intramural hematoma and dissection,

473, 476
back pain, 1156, 1157
cardiac arrest and resuscitation, after, 413, 414
cardiac murmurs, 311
cardiovascular disease, 316, 326
chest pain, 299, 300
cholangitis, 834
constrictive pericarditis, 450
delirium, 282
focal CNS lesions in HIV infected patients, 743
hypopituitarism, 1076
neurologic oncologic emergencies, 918
pacemakers, 439
pancreatitis, 852
peripheral artery disease, 460
pregnancy, 275, 276
seizures, new onset, 1203
ventricular arrhythmias, 410

Malaria, 602, 603, 886, 914
Malignancies

abdominal masses, 761, 762
adrenal insufficiency, 1107
anemia, 890, 891
back pain, 1154, 1155, 1156
bowel obstruction, 874, 875, 876, 878
choledocholithiasis, 830
cirrhosis, 827
community-acquired pneumonia, 641, 642
deep venous thrombosis, 495, 496, 500, 501,

502
depression, 1210
esophageal disorders, 781, 782, 783, 785
goiter, 1069, 1070, 1071
heart transplantation, 379–380
hemoptysis, 523, 524
hepatomegaly, 760, 761
HIV infected patients, 724

hypercoagulability, 989, 990
idiopathic thrombocytopenic purpura, 985,

986
leukocytosis, 894, 895
lung transplantation, 563, 564
lymphadenopathy, 887, 889
meningitis syndrome, 686
nausea and vomiting in gastrointestinal disease,

755
neutropenic hosts, 615
new, after hematopoietic cell transplantation,

963
pancreatitis, 857
pancytopenia, 896
pericarditis, 443
pleural effusions, 577, 579, 580, 581
polymyositis/dermatomyositis, 1140
pulmonary, 587, 588, 589, 590–591, 592
pulmonary embolism, 505, 512, 513
renal obstructive disease, 1038, 1040, 1041
rheumatic diseases, 1116, 1118, 1140
splenomegaly, 886
tricuspid regurgitation, 389

Malignant hypertension, 379
Malignant hyperthermia, 244
Malignant pericarditis, 447, 449
Mallory’s bodies, 814
Mallory-Weiss tears, 768
Mammary soufflé, 271
Management. See also Therapy

antidepressants, 1214
antineutrophil cytoplasmic antibodies,

1118–1119
antinuclear antibodies, 1117
aortic intramural hematoma and dissection,

475–476
central nervous system vasculitis, 1132
chronic myeloproliferative diseases, 951–952
complement system, 1119
Cushing syndrome, 1073
diabetic ketoacidosis and hyperosmolar

hyperglycemic nonketotic syndrome,
1087–1088

diagnostic test selection for cardiovascular
symptoms, 315

edema with renal disease, 1002, 1003
erythrocyte sedimentation rate, 1116–1117
esophageal disorders, 785–786
heart failure, 362–366
hyperkalemia, 1052
hypopituitarism, 1077
increased intracranial pressure, 1187–1188,

1188–1189
joint pain and swelling, 1112, 1115
pericardial oncologic emergencies, 921–922
renal failure, acute, 1009–1010
rheumatic factor, 1118
sepsis, 203–205
status epilepticus, 1201–1203
subarachnoid hemorrhage, spontaneous,

1192–1193
thyroid disease, 1070, 1071, 1074, 1075
thyrotoxic storm, 1094–1096
vasculitis, 1122–1123
ventricular tachycardias after cardiac arrest and

resuscitation, 413–416
Management, initial. See also Therapy, initial

acquired atrioventricular block, 433
angina, 337–339
asthma, 541–543
pancreatitis, 853
sickle cell disease, 969–970
sinus node dysfunction, 431–432
stroke, 1177–1178

Management algorithms
acute limb ischemia, 489
atrial fibrillation or flutter, 401
diverticulitis, 866
hospital-acquired pneumonia, 646
meningitis, 686
myocardial infarction, 346

Index 1273

Wachter Index.qxd  3/14/05  3:40 PM  Page 1273



paroxysmal supraventricular tachycardia
(PSVT), 404

peptic ulcer disease, 791
primary spontaneous pneumothorax, 584
secondary spontaneous pneumothorax, 585
solitary pulmonary nodules, 590

Manic depressive disorders, 280
Mannitol, 289, 811, 899, 919, 942, 1010, 1046,

1048, 1089, 1188
Manometry, esophageal, 783, 784
Marfan syndrome, 271, 300, 383, 387, 472, 473,

476, 479, 480, 481
Marijuana, 1204
Mast cell disease, 947
MAST trousers, 291
Mastocytosis, 1222, 1223
McBurney’s point, 860
MDMA, 1230
Mean arterial pressures, 465, 466
Mechanical life support, 368, 373. See also

Ventilation, mechanical
Mechanoreceptors, 423
Mechlorethamine, 899, 904
Meckel’s scar, 776
Meclizine, 1167
Mediastinal lymphadenopathy, 578
Mediastinum, 191, 289, 290, 583
Medical Outcomes Short Form 36 (SF-36)

Questionnaire, 456
Medical records, 24, 25, 28, 301, 302, 1018
Medicare, 12, 27, 327, 368, 371, 1015
Medication administration

epidural injection, 1157
inhaler use, 535, 536, 545
intra-arterial, 1147, 1192
intraarterial delivery of thrombolytics, 1179
intrathecal, 133, 920, 935

Medication Error and Reporting Program, 158, 159
Medications. See also specific medications

abdominal pain, causing, 753
acquired atrioventricular block, 433
altered mental status in HIV infected patients,

746
asthma, exacerbations of, 539
chemotherapy, 897–906
compliance, 341
delivery systems, special considerations for,

467, 469
diarrhea, causing, 758–759
directly observed therapy (DOT), 658, 662, 664
elderly patients, sub optimal use by, 112, 116
errors, preventing, 67
heart failure, 360
heart transplantation, prophylaxis for, 376
hepatomegaly, 760
hypertension, emergent, 463, 465–468
interstitial lung disease, inducing, 556
lightheadedness, 306
metabolism of, in dialysis patients, 1025–1026
nausea and vomiting in postoperative care,

263–264
neutropenia, 893–894
oliguria and anuria, 998, 1000, 1001
oral, ability to take, 673
pain management, 131–136
palpitations, 304
patient safety, 157–160
pill-induced damage to esophagus, 782, 784,

785
preoperative evaluation, 253
preoperative evaluations, 250
psychoactive, 263
renal failure, acute, 1012
sinus node dysfunction, 431–432
splenomegaly, 887
suicidal behavior, 280
supraventricular tachyarrhythmias in inpatients,

404
syncope, 424, 425, 428
tuberculosis medications, 660, 661, 663, 664

Medicolegal issues, 90, 125, 141, 144

MEDLINE, 53, 87
Mefenamic acid, 1232
Megace, 1071
Megestrol acetate, 1071
Melphalan, 958
Memory, 419, 431, 1165
Mendelson’s syndrome, 599
Meningeal carcinomatosis, 918–921
Meningismus, 683
Meningitis, 683–691, 739–742
Meningitis syndrome, 684–685, 685, 686
Meningococcemia, 600
Meniscus sign, 488, 528
Mental Alternation Test, 745
Mental status, altered. See also Consciousness,

level of
aortic stenosis, 382
cholangitis, 833
community-acquired pneumonia, 634
delirium and dementia, 1164–1165
HIV infected patients, 745–746
hypercalcemia in oncologic emergencies, 924,

925, 926
liver transplantation, 845
myxedema coma, 1097, 1098
orientation, 1164
pain medication, 133
thyrotoxic storm, 1094

Meperidine, 131, 132, 722, 853, 969, 1012, 1021,
1041, 1204

Mercaptopurine, 274
Meropenem, 617, 626, 629, 648, 649, 687, 688,

689
Mesalamine, 274
Mesenteric vasculature, 498, 775, 869
Mesna, 897, 899, 900, 902, 906
Metabolic acidosis, 245, 527, 555, 844, 1012, 1024
Metabolic alkalosis, 527, 843
Metabolic disorders, 106, 107–108, 1086–1089,

1168, 1210
Metabolic equivalents required at rest (METS),

317, 318
Metabolic system, 99–100, 379, 403, 1025
Metanephrines, 464
Metaproterenol, 1239
Metered dose inhalers, 533, 537, 543, 546, 559
Metformin, 250, 1024, 1082, 1084, 1229, 1234
Methadone, 131, 132, 659, 1232, 1234
Methamphetamines, 1230
Methanol ingestion, 1056–1057, 1058, 1232,

1234, 1236
Methemoglobinemia, 467, 520, 521, 555
Methicillin, 624
Methicillin-resistant Staphylococcus aureus (MRSA)

cellulitis, 676
endocarditis, 696
IV catheter-associated infection, 707
pneumonia, 638, 645, 646, 648, 649
postoperative peritonitis, 265
resistant organism, 629, 630
urinary tract infection, 670, 672

Methimazole, 893, 1095
Methotrexate

acute lymphoblastic leukemia, 935
chemotherapy, 900, 901, 902, 903, 904, 906
hematopoietic cell transplantation, 958, 959
interstitial lung disease, 550
neurologic oncologic emergencies, 920
polymyositis/dermatomyositis, 1140
rheumatic disorders, 1137, 1140
vasculitis, 1124, 1128, 1129, 1130

Methyldopa, 273, 810
Methylene blue, 211, 521
Methylphenidate, 1215
Methylprednisolone

alcoholic hepatitis, 814
anaphylaxis, 1223
asthma, 543, 545
Crohn’s disease, 805
gout, 1147
headache, 1164

interstitial lung disease, 558
lung transplantation, 564
polymyositis/dermatomyositis, 1140
pregnancy, 272
pulmonary disease with HIV infection, 735
rheumatic disorders, 1137, 1139
shock, 197
spinal cord injuries, 290
ulcerative colitis, 802
vasculitis, 1122, 1127, 1128
wheezes, 519

Methylxanthines, 543
Methysergide, 442
Metoclopramide, 268, 273, 756, 786, 903, 906,

1138, 1193
Metolazone, 363, 365, 574, 1010
Metoprolol

antidepressants, 1213
aortic intramural hematoma and dissection, 475
atrial fibrillation, 402
cardiac arrest and resuscitation, after, 415
dialysis patients with chest pain, 1021
drug overdose, 1230
heart failure, 364, 365
myocardial infarction, 350, 353, 354
pregnancy, 273
supraventricular tachyarrhythmias, 399, 400

Metronidazole
cholecystitis, 832
Crohn’s disease, 805
diarrhea, 603, 759
drug interactions, 796
necrotizing fasciitis, 677, 679
nitroimidazole antibiotic, 626
peptic ulcer disease, 794
pregnancy, 274
ulcerative colitis, 802
warfarin, interfering with, 512

Mexiletine, 135, 400, 419
Meylodysplastic syndrome, 957
Microangiopathic hemolytic anemia, 468
Microangiopathies, 990–991
Microscopic polyangiitis, 1126, 1129
Microscopy, urine, 996–998
Microthrombi, 204
Midazolam, 541, 722, 1188, 1202, 1203, 1213,

1237, 1239
Midodrine, 429, 826
Midrin, 1164
Miliary disease, 528, 655–656
Milrinone, 365, 366, 367, 375, 376
Mineralocorticoids, 1050, 1059, 1060, 1071, 1105
Mini-Mental State Exam, 114
Minocycline, 550, 709
Minoxidil, 442, 1239
Mirtazapine, 1212
Misoprostol, 773, 795, 796
Mithramycin, 925
Mitomycin, 550, 903, 977
Mitotane, 1073
Mitoxantrone, 901, 902
Mitral valve prolapse, 411
Mitral valve regurgitation, 355, 362, 367, 369,

386, 387–389
Mitral valve repair, 388
Mitral valve stenosis, 254, 271, 369, 385–387,

389
Mivacurium, 1188
Mivazerol, 253
Model for End-stage Liver Disease (MELD), 821,

839, 840, 843
Monoamine oxidase inhibitors, 250, 1214, 1215,

1237
Monobactam antibiotics, 626, 933
Monoclonal antibodies, 940, 959, 961
Monoclonal B-cell malignancy, 963
Monoclonal OKT3, 563, 564, 686, 846, 847,

1031, 1035
Monocytic leukemia, 931, 933–934
Mononucleosis, infectious, 608, 609, 937
Monosodium glutamate, 1164
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Montelukast, 544
Morbidity and mortality review, 165
Moricizine, 400
Morphine

acute cholecystitis, 832
acute pancreatitis, 853
aortic intramural hematoma and dissection,

475
cough, 522
dialysis patients with chest pain, 1021
drug overdose, 1232
end-of-life care, 143–144
heart failure, 366, 367
pain management, 131, 132, 134
renal stone and obstructive disease, 1041
sickle cell disease, 969

Mortality
acute respiratory distress syndrome (ARDS),

189
alcoholic hepatitis, 816
angiotensin-converting enzyme inhibitors, 351,

363
aortic aneurysms, 479, 480, 481, 482, 483
aortic intramural hematoma and dissection,

475, 476
asthma, 541, 544
bowel ischemia, acute, 867
cardiac arrest, 409
cardiac catheterization, 326
cardiac stents prior to surgery, 253
cholecystitis, 833
chronic obstructive pulmonary disease, 531,

533
constrictive pericarditis, 451
depression and myocardial infarction, 1211
diverticulitis with perforation, 865
endocarditis, 693
fatty liver of pregnancy, 274
gastrointestinal bleeding, 767, 771, 772
glucose levels, 261, 1085–1086
heart failure with cardiogenic shock, 370
hemoglobin level in preoperative evaluation,

257
hepatic failure, 809
HIV infected persons, 722
hypernatremia, 1049
hypokalemia, 1051
inferior vena cava filters, 511
intensive care units (ICUs), 163
IV catheter-associated infection, 703, 707, 709
lung transplantation, 564
lung volume reduction surgery, 565, 566
meningitis, 691
mitral regurgitation, 388
myocardial infarction, 343, 345–346, 347, 348,

349–350, 350, 355
myxedema coma, 1098
pelvic fractures, 291
peripheral arterial disease, 485, 486
pneumonia, 551, 633, 645
postoperative delirium, 257
pregnancy, 271, 276
Pseudomonas aeruginosa, 627
pulmonary embolism, 505, 511, 513
renal failure, acute, 1014, 1015
seizures, 1199
sepsis, 201, 203, 204
stress testing, 316, 340
ST-segment elevation, 344
suicide, 279
thoracic injury, 290–291
troponin levels, 336
variations in medical care, 87

Mortality Probability Model (MPM), 170
Movement disorders, 1167–1168
Moxalactam, 977
Moxifloxacin, 627, 638, 639, 661, 669, 672, 687,

689
MS Contin, 132
MSIR, 132
Mucolytic agents, 534, 545

Mucomyst, 326
Mucosa-associated lymphoid tissue (MALT)

lymphomas, 937, 940
Multicenter Automatic Defibrillator Implantation

Trial (MADIT), 418, 420
Multicenter Chest Pain Study, 335
Multidrug-resistant pathogens, 627–628, 629
Multifocal atrial tachycardia (MAT), 393, 394,

396, 403, 405, 532
Multiorgan system failure

end-of-life care, 140–141
liver chemistries, abnormal, 765
necrotizing fasciitis, 675
oliguria and anuria, 1000
primary nonfunction of the hepatic allograft,

844
renal failure, acute, 1014–1015
sepsis, 203, 204–205
shock, due to, 191–198
sickle cell disease, 967, 969
trauma patients, 293
urinary tract infection, 671

Multiple myeloma, 957
Multiple pulmonary nodules, 591–592
Multivitamins, 512
Munchausen’s syndrome, 283
Murmurs

aortic regurgitation, 383, 384
cardiovascular disease, 309–311, 312
chest pain, examining patients with, 301
dialysis patients, 1020
endocarditis, 693, 694
heart failure, 360
mechanical complications of acute myocardial

infarction, 355
mitral regurgitation, 387
mitral stenosis, 385
palpitations, 305
prosthetic heart valves, 390
right ventricular (RV) failure, 368
tricuspid regurgitation, 389

Muromonad CD3 (OKT3), 686
Murphy’s sign, 831
Muscle relaxants, 244–245
Musculoskeletal chest pain, 39, 299, 301
Musculoskeletal system, 244–245, 379, 459,

1140, 1141
Mushrooms, 810, 811, 812, 815, 1239
MUSIT trials, 418
Myalgia, 627, 1050
Myasthenia gravis, 523
Mycobacterium avium complex, 721, 723, 724
Mycobacterium tuberculosis, 449, 655, 656, 657,

663
Mycophenolate mofetil

gout, 1148
graft-versus-host disease, 961
heart transplantation, 376, 378
liver transplantation acute cellular rejection,

846
lung transplantation, 563, 564
polymyositis/dermatomyositis, 1140
pregnancy, 276
renal transplantation, 1031
rheumatic disorders, 1137, 1140
trimethoprim/sulfasoxazole (TMP/SMX)

interaction with, 620
Mycoplasma pneumoniae, 539, 543
Mydriatic eye drops, 1166
Myelodysplasia, 931
Myelodysplastic syndrome, 947
Myelofibrosis, 948
Myelography, 1156
Myeloid growth factor, 894, 961
Myeloproliferative disease, 886, 887
Mylanta, 785
Myocardial infarction

acquired atrioventricular block, 433, 434
acute, 343–457
aortic intramural hematoma and dissection,

472, 475

atypical presentation, 343, 357
cardiac murmurs, 309
cardiogenic shock, 191, 192, 193, 197, 370
deep venous thrombosis, 501
delirium, 282
diabetes mellitus, 1079, 1085
electrocardiograms, 301, 302
evidence-based medical treatment, 52–56
fever, 600
heart failure, 362, 371
hypertension, emergent, 468
implantable cardioverter defibrillators (ICDs),

368
limb ischemia, 488
pericarditis, 443, 444, 449, 450
postoperative care, 264
pregnancy, 271
preoperative evaluation, 250
sinus node dysfunction, 432
supraventricular tachyarrhythmias, 397, 398,

405
syncope, 424, 429
ventricular arrhythmias, 409, 410, 412
ventricular arrhythmias and cardiac arrest, 417

Myocardial injury, 291
Myocardial ischemia

cardiac arrest and resuscitation, after, 416, 417
cardiogenic shock, 191, 362
definition, 329
determinants of, 330
dialysis patients, 1020–1021
gastrointestinal bleeding, 769
heart failure, 360, 369
post heart transplant surgery, 375
postoperative care, 264
supraventricular tachyarrhythmias, 397, 398
ventricular arrhythmias, 410, 412

Myocardial ischemic syndromes, 323
Myocardial stunning, 413, 416
Myocarditis, 411
Myocardium, viability of, 318, 321, 333,

335–337, 345, 348, 361, 369
Myoclonic seizures, 1200
Myoclonus, 1168
Myocytes, 329, 336
Myoglobin, 337
Myoglobinuria, 459, 487, 488, 489
Myotonic muscular dystrophy, 434
Mysoline, 1167
Myxedema, 442
Myxedema coma, 1097–1101

N
N-acetylcysteine

asthma, 545
cardiac catheterization, 326
chronic obstructive pulmonary disease

(COPD), 534
contrast-induced nephropathy, preventing, 488,

1012
drug overdose, 1230, 1234
hepatic failure, 811, 815, 816

Nadolol, 400, 1021
Nadroparin, 350, 511
Nafcillin

antistaphylococcal penicillins, 625
cellulitis, 676, 677
dialysis patients, 1018
endocarditis, 696, 698
IV catheter-associated infection, 707
meningitis, 687, 688
septic arthritis, 1150
warfarin, interfering with, 512

Nalmefene, 1237
Naloxone, 133, 134, 159, 1204, 1232, 1237
Naproxen, 599, 607, 1232
Narcan, 159, 1237
Nasogastric tube decompression, 859, 865, 866,

875, 876, 877, 878, 879
Nasogastric tubes
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cardiac arrest and resuscitation, after, 413, 414
feeding tubes for trauma patients, 292
gastrointestinal bleeding, 769, 774
nausea and vomiting, 755
peptic ulcer disease, 791
postoperative, 256, 268
stroke, 1180
ulcerative colitis, 802, 803

Nasotracheal intubation, 178
National Emphysema Treatment Trial (NETT),

565, 566, 567
National Heart, Lung, and Blood Institute, 565
National Library of Medicine (NLM), 53
National Nosocomial Infection Surveillance

System (NNIS), 84
National Quality Forum (NQF), 80, 82, 83
National Voluntary Hospital Reporting Initiative

(NVHRI), 82, 83
Natriuresis, 466
Natriuretic peptides, 1011
Nausea

angina, 333
appendicitis, acute, 860
chemotherapy, 903–904, 905, 906
gastrointestinal disease, 754–756
myocardial infarction, 343
pancreatitis, 849
postoperative care, 246, 263–264
pregnancy, 273
renal colic, 1037, 1041
subarachnoid hemorrhage, spontaneous, 1190
syncope, 423
urinary tract infection, 671

Nebulizers, 519, 533, 534, 537, 542, 543, 559
Neck injury, 290
Necrosis, 869, 1137, 1139
Necrotizing fasciitis, 487, 675, 676, 678–680, 681
Necrotizing pancreatitis, 849, 856
Nefazodone, 1212, 1232
Neisseria gonorrhoeae, 215, 1148, 1149–1150, 1151
Neoadjuvant chemotherapy, 898
Neomycin, 625, 811, 825, 826, 827
Neoplasms, 857, 1029, 1031, 1032
Neoral, 1031
Neostigmine, 268
Nephramine, 1013
Nephrectomy, 1027
Nephrolithiasis, 861, 1037–1038, 1039, 1040,

1041, 1042, 1043
Nephrologists, 826, 943, 1041, 1048, 1049, 1052
Nephropathy, contrast-induced, 1011–1012
Nephrostomy, 1042
Nephrotoxicity, 326, 379, 625, 1011–1012, 1015,

1025–1026, 1042
nephrotoxic effects

medications for
heart failure, 363

Nerve conduction studies, 1169, 1173
Nesiritide, 365, 366, 1021
Netilmicin, 625
Neumega, 988
Neurally mediated syncope, 423, 427, 428, 429
Neurocardiogenic syncope, 423
Neurofibromatosis, 557
Neurogenic claudication, 457, 1154, 1158
Neuroimaging, 1164, 1170, 1172, 1188
Neuroleptic agents, 143, 280–281, 1168, 1213
Neuroleptic malignant syndrome, 281
Neurologic dysfunction

aortic intramural hematoma and dissection,
472, 475

back pain, 1154, 1155, 1156, 1157
cardiac arrest and resuscitation, after, 416, 419
central nervous system vasculitis, 1130
depression, 1210
dialysis patients, 1025
distributive shock, 192
HIV infection, 739–747
hypertension, emergent, 465
meningitis, 683, 684, 685, 686, 687–688, 691
oncologic emergencies, 917–921

regional anesthesia, 244
sodium levels, 1046, 1047, 1048
surgery, 256–257
syncope, 423, 424

Neurologic function
after cardiac arrest and resuscitation, 413, 414,

416
elderly patients, 112, 114–115
signs, symptoms, and diagnostic tests,

1163–1173
trauma patient assessment, 288

Neurologists, 689, 741, 744
Neuromuscular disorders, 434, 781
Neuropathy

lightheadedness, 306
pain management, 133–135
rheumatoid arthritis, 1141–1142

Neuroprotective agents, 1179
Neurosurgeons

head trauma, 288, 289
intracranial hemorrhage, 1194, 1195
meningitis, 689
neurologic complications in HIV infected

patients, 741, 743–744, 746
neurologic oncologic emergencies, 918
stroke, 1178
subdural hematoma, 1197

Neutron radiation, high-energy, 439
Neutropenia

acute leukemia, 936
acute myelogenous leukemia, 932–933, 934
cellulitis, 678
chemotherapy, 898, 903, 904–905
combination therapy for Pseudomonas

aeruginosa, 628
differential diagnosis, 893
fever of unknown origin, 604
granulocyte transfusions, 911
hematopoietic cell transplantation, 959
immunocompromised hosts, 614, 615–619
lymphomas, 943
pulmonary disease with HIV infection, 730
urinary tract infection, 670

Neutrophilia, 860–861, 894
Nevirapine, 725
New York Heart Association, 373
Niacin, 353, 753
Nicardipine, 379, 467, 469, 470, 722, 1191, 1192,

1195
Nicotine, 786, 1137, 1139
Nicotine patches or gum, 356
Nicotinic acid, 810
Nifedipine

angina, 341
drug overdose, 1230
heart failure, 369
HIV infection drug regimen, 722
hypertension, emergent, 468
myocardial infarction, 351
pregnancy, 273
pulmonary hypertension, 573, 574
renal stone and obstructive disease, 1040
scleroderma, 1139

Nimodipine, 722, 1191, 1192
9�-fluorocortisol, 1106
Nipride. See Nitroprusside (sodium

nitroprusside)
Nitrates

angina, 338, 340, 341
dialysis patients with chest pain, 1021
drug overdose, 1231, 1239
esophageal disorders, 783, 784
gastrointestinal bleeding, 773
heart failure, 363, 365, 366, 367
increased intracranial pressure, 1188
intracranial hemorrhage, 1195
ischemic stroke, 1180
methemoglobinemia, 521
myocardial infarction, 345, 351
post heart transplant surgery, 375
right ventricular failure, 368

ventricular arrhythmias and cardiac arrest in
inpatients, 417

Nitric oxide, 177, 375, 376, 572, 573
Nitrites in urinalysis, 996
Nitro paste, 525
Nitrofurantoin, 550, 551, 669, 670, 672, 892
Nitrogen dioxide, 555
Nitroglycerin

angina, 341
chest pain, 298
drug overdose, 1230
headache, 1164
heart failure, 365, 366
hypertension, emergent, 467, 468, 469
myocardial infarction, 353, 354, 355, 356
postoperative care, 264
preoperative evaluation, 253
relief of angina discomfort, 332, 333
syncope, 427

Nitroimidazole antibiotics, 626
Nitroprusside (sodium nitroprusside)

aortic intramural hematoma and dissection,
475

aortic regurgitation, 384
drug overdose, 1230, 1231
heart failure, 365, 366
heart transplantation, 373, 375, 376
hypertension, emergent, 465–466, 467, 468,

469, 470
intracranial hemorrhage, 1195
methemoglobinemia, 521
myocardial infarction, 355
postoperative care, 264
pregnancy, 273
preoperative evaluation, 256
pulmonary edema in dialysis patients, 1021
right ventricular (RV) failure, 368

Nitrous oxide, 244, 1246
Nizatidine, 793
Noncyclic antidepressants, 1232
Nonglycoside inotropic agents, 375
Non-Hodgkin’s lymphoma, 379, 937–946, 957
Noninvasive ischemia testing, 251–252, 339
Noninvasive ventilation, 173, 175–176, 187, 190
Non-nucleoside reverse transcriptase inhibitors,

663, 721
Non-ST elevation acute coronary syndrome, 338
Non-ST elevation acute myocardial infarction

(NSTEMI), 233, 330, 334, 337, 349–350
Nonsteroidal anti-inflammatory drugs (NSAIDs)

abdominal pain, causing, 753
anaphylaxis, 1222, 1224, 1225
antipyretics, 599
asthma, exacerbations of, 539
back pain, 1157
Crohn’s disease, 804, 806
drug overdose, 1232, 1234
elderly patients, 135
esophageal disorders, 785, 786
gastrointestinal bleeding, 768, 773, 778
gout, 1147
headache, 1164
hepatorenal syndrome, 826
hyperkalemia, 1051
hypernatremia, 1049
interstitial lung disease, 550
limb ischemia, 491
meningitis syndrome, 686
nephrotoxicity, 363, 379
oliguria and anuria, 998, 1000
pain management, 131
pancreatitis, 850
peptic ulcer disease, 789–790, 791, 793, 794,

795
pericarditis, 444, 445, 446, 447, 448, 450
platelet function, 977
pneumonia, 639
postoperative care, 261
renal failure, acute, 1008, 1012, 1015
renal stone and obstructive disease, 1041, 1042
renal transplantation, 1035
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rheumatic disorders, 1136, 1139
sickle cell disease, 969
ulcerative colitis, 801, 802, 803

Norepinephrine
anaphylaxis, 1223
drug overdose, 1230, 1233, 1240
heart failure, 365, 366
myxedema coma, 1100
renal failure, acute, 1011
shock, 195, 197

Normodyne, 467
Norpramine, 1212
North American Society of Pacing and

Electrophysiology - Heart Rhythm Society,
435

Nortriptyline, 115, 134, 1212, 1233
Nosocomial flora, 613–614
Nosocomial infections

diarrhea, 758–759
discharge from hospital, 31
fever, 599, 600, 604
fluoroquinolone antibiotics, 627
HIV infected patients, 724
pneumonia, 178, 645–653
postoperative peritonitis, 265, 268
sepsis, 206
tuberculosis, 657
urinary tract infections, 667, 673

Novantrone, 902
Novo7®, 988
NPH insulin, 1082, 1084, 1089
Nuclear perfusion imaging, 303, 316, 318, 320,

321, 339, 340, 355, 360
Nucleoside analogs, 934
Numorphone, 132
Nurses

assessments after cardiac arrest and
resuscitation, 414

home care, 690, 806, 864, 870
intensive care units (ICUs), 163, 164, 166, 170
interfacing with hospitalists, patients and

families, 28
patient satisfaction, 93, 94
sudden death, preventing, 351

Nystagmus, 1167
Nystatin, 613, 621, 1141

O
Obesity, 256, 350, 362, 498, 841
Obliterative bronchiolitis, 562, 563, 564
Observation units, 27
Obstructions

airway, 177–178, 521, 525, 540, 541, 557, 1098
biliary disorders, 829
gastrointestinal tract, 873–881
renal, 999, 1027, 1033, 1034, 1037–1043

Obturator sign, 860
Occupational exposures, 549, 550, 556, 606
Occupational therapy, 920, 1158, 1193
Octreotide

bowel obstruction, 879
carcinoid tumors, 1226
chemotherapy, 902
drug overdose, 1232, 1237
gastrointestinal bleeding, 768, 770, 771
hepatorenal syndrome, 826
hypoglycemia, 1090
pancreatitis, 855, 856
scleroderma, 1138

Odynophagia, 784, 803
Ofloxacin, 638, 669, 670, 672, 1151
Ogilvie’s syndrome, 752, 753
Olanzapine, 143, 281
Oleander, 1231, 1239
Oligemic shock. See Hypovolemic shock
Oliguria, 487, 998–1001, 1014
Omeprazole, 273, 512, 786, 793, 794
Ommaya reservoir, 920
Oncologists, 920, 1156, 1157
Oncology, emergencies of, 917–926

Ondansetron, 246, 263, 722, 756, 897, 905
“One minute preceptor” model, 74, 75
1-deamino-8-D-arginine vasopressin, 986, 987
One-stage resection of the colon, 867, 870, 876
Ophthalmic conditions and thrombolytic

therapy, 348
Ophthalmic medications, 433, 537
Ophthalmologists, 708, 1141
Opiates and opioids. See also Naloxone

acetaminophen, 816
acidosis, respiratory, 1062
acute myelogenous leukemia, 934
agonists, 133, 134, 135
altered mental status in HIV infected patients,

746
anaphylaxis, 1225
anesthesia, 244
angina, 338
back pain, 1153, 1157
bowel ischemia, acute, 870
chronic limb ischemia, 491
chronic obstructive pulmonary disease, 534
cough, 522
Crohn’s disease, 805, 806
delirium, 263, 1165
dialysis patients with chest pain, 1021
diarrhea in gastrointestinal disease, 759
drug overdose, 1230, 1232, 1234, 1236, 1237,

1239, 1241
end-of-life care, 141, 144, 182
gout, 1147
hyponatremia, 1046
increased intracranial pressure, 1188
interstitial lung disease, 550
mucositis after hematopoietic cell

transplantation, 960
myxedema coma, 1097, 1098
nausea and vomiting in postoperative care, 263
opiophobia, 136
pain management in elderly patients, 135
pancreatitis, 853, 854
postoperative care, 261–262
postoperative ileus, 879
postoperative renal failure, 268
pupillary responses, 1166
renal failure, acute, 1012
renal stone and obstructive disease, 1041, 1042
respiratory failure, acute, 189
sickle cell disease, 968, 969, 970, 971
tolerance to medications, 131
ulcerative colitis, 802, 803
urinary incontinence, 1170
urinary tract infection, 670
withdrawal, 135, 753

Opportunistic infections, 722, 723–724, 856–846
Oprelvekin, 897, 903
Optic neuritis, 404
Oragrafin, 1095
Oral contraceptives, 275, 463, 505, 573, 983,

987, 1116, 1164, 1187, 1210
Oramorph SR, 132
Orchiectomy, 920
Orders

admission orders for dialysis, 1018–1019, 1026
computerized physician order entry (CPOE),

64–65, 90, 153, 158
Organ preservation injury, 375, 376
Organ Procurement and Transplantation

Network, 839
Organic brain syndrome, 280, 282
Organophosphates, 1232, 1239, 1241
Ornipressin, 826
Orthoclone, 1031
Orthopedic surgeons, 210, 292, 708, 1147, 1149,

1150
Orthopnea, 360, 387, 522
Orthostasis, 306
Orthostatic hypotension, 423–424, 1212, 1214
Ortner’s syndrome, 385
Osler Way Project, 94, 96
Osler’s nodes, 202, 693, 694, 696, 1143, 1145

Osmolality in urinalysis, 996
Osteoarthritis, 1113, 1114
Osteogenesis imperfecta, 383
Osteomalacia, 966
Osteomyelitis, 291
Osteoporosis, 562, 966
Otolaryngology consultation, 519
Ototoxicity, 625, 1002
Outpatient treatment

acute leukemia, 936
chronic myeloproliferative diseases, 953
dialysis, 1018
diverticulitis, 865
endocarditis, 695–696
esophageal disorders, 787
gastrointestinal bleeding, 769, 778
lymphoma patients, 946
meningitis, 690–691
neurologic complications in HIV infected

patients, 741
renal failure, acute, 1015
renal stone and obstructive disease, 1043
spontaneous bacterial peritonitis, 824
surgical procedures, 249

Oxacillin, 687, 688, 707, 1018, 1150
Oxazepam, 1230, 1248
Oxazolidinone antibiotics, 627
Oxcarbazepine, 1204, 1206
Oxycodone, 131, 132, 1213
Oxycontin, 1234
Oxygen

acute limb ischemia, 488
angina, 337
asthma, 541, 542
chronic obstructive pulmonary disease, 533
community-acquired pneumonia, 639
cyanosis, 520, 521
drug-induced interstitial lung disease, 552
heart failure, 366, 367
home therapy, 536, 559, 643
interstitial lung disease, 559
myocardial demand and supply, 329, 330, 373,

374
myocardial infarction, 345, 350–352
nausea and vomiting in postoperative care, 263
pneumothoraces, 583
postoperative care, 261
pulmonary hypertension, 572, 573–574, 575
right ventricular failure, 368
trauma patient assessment, 288

Oxygen saturation
anesthesia, during, 245
asthma, 541
chronic obstructive pulmonary disease, 532,

533, 535
community-acquired pneumonia, 634, 636,

637, 639, 640, 643
cough, 521
hemoptysis, 524
pericarditis, 444
postoperative care, 246
pulmonary medicine, 525
respiratory failure, acute, 185, 187

Oxygenation, 245, 246, 288, 519
Oxymorphone, 132

P
Pacemakers

acquired atrioventricular block, 433, 434
bradycardia, 434–438
dual-chamber, 367
fixed rate, 316
heart transplant surgery, 375
malfunctions of, 439
myocardial infarction, 352, 356, 435
preoperative evaluation, 254
sinus node dysfunction, 432
supraventricular tachyarrhythmias, 400, 403, 406
syncope, 429
temporary, 352, 356, 432, 434, 438
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temporary transvenous, 417
Paclitaxel, 900, 902, 904, 958
Pain. See also Analgesia

abdominal, 751–754, 755, 823, 833, 834,
859–870, 1035

abdominal aortic aneurysm, 481
angina, 331–332
aortic intramural hematoma and dissection,

472, 473, 475, 476
appendicitis, acute, 860
arthritis, 1145
back, 918, 1153–1159
bone, in donors of stem cells, 958
bowel ischemia, acute, 867, 868, 870
chest, in cardiovascular disease, 297–303
chest, in dialysis patients, 1020–1021
chest, in esophageal spasm, 784
chest, in hypertension, emergent, 463
chest, with palpitations, 304
chest, with ventricular arrhythmias, 409, 411
Crohn’s disease, 800, 804, 805, 806
delirium in postoperative care, 263
diverticulitis, 864, 867
exertional, 569
flank, 1037, 1039, 1042
hypertension, emergent, 463, 469
joints, 1111–1112
limb, 458
limb ischemia, 457, 485, 486, 487, 488, 490,

491
management in hospitalized patients, 129–136
myocardial infarction, 343, 351
necrotizing fasciitis, 678, 679
pancreatitis, 849, 853
patient satisfaction, 96
pericarditis, 442, 444, 445, 447
peripheral artery disease, 460
pleural effusions, 577
pneumothorax, 582
postoperative care, 246, 261–262
pulmonary embolism, 505
renal colic, 1037, 1038, 1039, 1040, 1041, 1042,

1043
sensation, 1169
sickle cell disease, 965–973
splenomegaly, 886
thoracentesis, 229
thoracic aortic aneurysms, 480
transcutaneous pacing, 438
urinary tract infection, 667, 668, 670, 671
vasovagal reaction, 424
weakness, 1168–1169

Pain service consultation, 806
Paint removers, 1232
Palliative care, 139–144, 827
Pallor, 423, 458, 487, 488, 1104
Palpitations, 229, 271, 303–306, 307–308, 323,

333, 411, 439
Pamelor, 1212
Pamidronate, 925
Panadol, 1230
Pancreatic cancer, 500
Pancreatic duct disruption, 856–857
Pancreaticobiliary disease, 378
Pancreatitis

acute, 752, 849–858
acute pericarditis, differentiating from, 444
biliary disorders, 829
chest pain, 300
dialysis patients, 1023
enteral nutrition, 103
L-asparaginase, 935
shock, 191, 192

Pancytopenia, 895–896
Panel-reactive antibody (PRA) test, 374
Panic disorders, 280
Pantoprazole, 793, 795
Papaverine, 869, 1192
Papillary, 1038–1039
Papillary muscles, 355, 370, 387, 388
Papilledema, 464, 466

Para-aminosalicylic acid, 661
Paracentesis, 225–226, 821, 822, 823, 824, 825,

960
Paracetamol, 1230
Paralysis, 179, 458
Paraneoplastic syndrome pattern of solitary

pulmonary nodules, 588
Paraplatin, 902
Parasites, transfer of, in blood transfusions,

914–915
Parasympathomimetic agents, 268
Parathormone-related protein (PTH-rp), 924
Paregoric, 759
Parenteral nutrition

bowel ischemia, acute, 870
cardiac arrest and resuscitation, after, 414, 415
diverticulitis, 867
gallstones, 830
nutritional status, 106–108
pancreatitis, 855, 857
potassium disorders, 1050, 1051
trauma patients, 292
ulcerative colitis, 802

Paresthesia, 1169
Parkinsonism, secondary, 281
Parkinson’s disease, 306, 1167, 1168
Paroxetine, 429, 1212, 1232
Paroxysmal atrial flutter or fibrillation, 393
Paroxysmal nocturnal dyspnea, 360, 387
Paroxysmal supraventricular tachycardia (PSVT),

393, 394, 395, 399, 403, 404, 406
Partial seizures, 1200, 1203
Partial thromboplastin time, 244
Parvus et tardus, 308
Pastoral care, 29
Pathogens. See also Resistant pathogens

blood products, 908
community-acquired pneumonia, 634–635,

640, 641–642
hospital-acquired pneumonia, 645, 646, 647,

648, 649
opportunistic, 614, 621–622
urinalysis, 996

Patient Bill of Rights, 93
Patient education

anaphylaxis, 1226
angina, 341
appendicitis, acute, 863
arthritis, 1151
asthma, 545, 546, 547
cardiac arrest and resuscitation, after, 415
cirrhosis, 827
community-acquired pneumonia, 640, 641, 643
diabetes mellitus, 1089, 1091
discharge from hospital, 32, 33
gout, 1147
health literacy, 32, 33
heart failure, 370
hepatic encephalopathy, 826
hypertension, emergent, 469, 470
hypoglycemia, 1090
interstitial lung disease, 559
myocardial infarction, 356
nephrostomy, 1042
pancreatitis, 854, 857
peptic ulcer disease, 796
seizures, 1206

Patient satisfaction, 31, 34, 35, 93–97, 246
Patient Self-Determination Act, 93, 139
Patient-controlled epidural analgesia (PCEA), 262
Patient-controlled analgesia (PCA), 133, 134,

246, 262, 853
Patients

autonomy of, 119, 127
continuity of care by hospitalists, 17–18
cost-effectiveness analysis, 60–61
“difficult,” 282
hospitalists, interfacing with, 23–25
practice guidelines and clinical pathways,

implementation of, 89–90
violent, 283

Patients, hospitalized
abdominal aortic aneurysm, 483
abdominal masses in gastrointestinal disease,

762
abdominal pain in gastrointestinal disease,

751–754
adrenal insufficiency, 1107–1108
anaphylaxis, 1225–1226
atypical lymphocytosis, 609
bundle branch blocks, new, 312
chest pain, 303
chronic obstructive pulmonary disease, 537
deep venous thrombosis, 500–502
dialysis, 1017–1026
diarrhea in gastrointestinal disease, 758–759
dyspnea, 523
fever, 599–600, 607
fever and rash, 602
gastrointestinal bleeding, 778
heart failure, 371
hemoptysis, 524–525
hemorrhagic and thrombotic disorders,

984–991
hypertension, emergent, 469–470
ileus and bowel obstruction, 878–880
IV catheter-associated infection, 708
joint swelling, 1115
liver chemistries, abnormal, 764–765
myocardial infarction, 357
nausea and vomiting in gastrointestinal disease,

755–756
palpitations, 305, 306
pericarditis, 442, 450
physical signs in pulmonary medicine, 518,

519, 521
preoperative evaluations, 249–250
pulmonary embolism, 512
relative bradycardia, 608
renal failure, acute, 1014–1015
renal stone and obstructive disease, 1042–1043
respiratory failure, acute, 188–189
sepsis, 205–206
supraventricular tachyarrhythmias, 404–406
thoracic aortic aneurysms, 481
ventricular arrhythmias and cardiac arrest,

417–418
Paxil, 1212
Payors for health care, 13, 31, 168
Peak expiratory flow (PEF), 540, 542, 545, 546,

657
Pediatric End-stage Liver Disease (PELD), 839,

840
Pediatric patients, 627, 683, 687–688, 690–691,

1204, 1206
Pegfilgrastim, 905, 944
Pelvic fractures, 291
Pelvic vein thrombosis, 275
Pemberton’s sign, 1070
Penetrating trauma, 287, 290, 291, 292
Penicillamine, 550, 801
Penicillin

acute myelogenous leukemia, 933
anaphylaxis, 1222, 1224, 1225
anemia, 891, 892
anthrax, 714
�-lactam antibiotics, 625
coagulation factors, 977
endocarditis, 696, 698
erysipelas, 677
Escherichia coli, 629
hematopoietic cell transplantation, 962
hypogammaglobulinemic hosts, 615
interstitial lung disease, 550
Klebsiella spp., 629
leptospirosis, 604
mechanism of resistance to, 624
meningitis syndrome, 686
neutropenia, 893
pregnancy, 276
Pseudomonas aeruginosa, 628, 629
Staphylococcus aureus, 629

1278 Index

Wachter Index.qxd  3/14/05  3:40 PM  Page 1278



thrombocytopenia, 977
vancomycin-resistant enterococci, 630

Penicillin, penicillinase-resistant, 676, 677
Penicillin G, 625, 628, 629, 687, 688, 689, 690,

811
Penicillin/�-lactamase inhibitors, 672
Penicillin-nonsusceptible pneumococci, 628, 629,

630
Pentamidine, 304, 412, 621, 726, 735, 736, 850,

1051
Pentazocine, 131, 1213
Pentobarbital, 689, 811, 1202
Pentostatin, 904
Peptic ulcer disease, 344, 348, 789–796, 1023
Pepto Bismol®, 793
Percocet, 132
Percodan®, 132, 793
Percussion in pulmonary medicine, 518, 519–520
Percutaneous cholecystectomy, 833
Percutaneous coronary intervention

clopidogrel, 349
GP IIb/IIIa antagonists, 338
heart failure, 367, 369, 370
myocardial infarction, 343, 344, 345, 347,

348–349, 350, 354, 357
Percutaneous drainage of abscesses, 879
Percutaneous mitral balloon valvuloplasty, 386,

387
Percutaneous nephrolithotomy, 1041, 1043
Percutaneous transluminal coronary angioplasty,

252, 253, 345, 346, 414, 418, 835–836
Perforations

appendicitis, acute, 861, 862, 863
bowel obstruction, 877, 878
diverticulitis, 864, 865
gallbladder, 829–830
hollow viscus, of, 753
lymphoma patients, 945
peptic ulcer disease, 791
ulcerative colitis, 801, 802

Pericardial disease, 322, 323, 360, 369, 441–452
Pericardial effusion, 441, 442, 443–444,

447–449, 921–922, 945
Pericardial sounds, 300, 301, 309, 442, 447, 450
Pericardiectomy, 447
Pericardiocentesis, 442, 443, 444, 445, 446, 447,

448–449, 921
Pericarditis, 191, 192, 300, 344, 441, 442–450,

1021
Pericardium anatomy and physiology, 441
Peridex, 613
Peripheral arterial disease, 455–460, 485–492
Peripheral blood stem cells, 956
Peripheral cyanosis, 520
Peripheral nervous system, 1169
Peripheral pulses, bounding, 384
Peripheral vascular disease, 252, 307–308, 463,

465
Peripherally inserted central catheter (PICC)

lines, 106, 704
Peritoneal dialysis, 1013, 1018, 1019, 1020, 1021,

1022, 1032, 1035
Peritoneal lavage, 288
Peritonitis

abdominal injury, 291
biliary disorders, 830, 832, 833
bowel obstruction, 878
dialysis patients, 1022
diverticulitis, 864
mesenteric venous thrombosis, 869
pancreatitis, 849
postoperative ileus, 265, 268

Personality disorders, 279, 282, 284
Petechiae, 975–976
Pethidine, 132
P-450 drug interactions, 1216
PH of urine, 996
Pharmacists, 32, 33
Pharmacologic stress tests, 316, 319, 326, 339, 340
Phenazopyradine, 670
Phencyclidine (PCP), 1204, 1234, 1236

Phenobarbital
alcohol withdrawal, 1246
chemotherapy, 900
drug overdose, 1235, 1239
erythematous eruptions, 1226
HIV infection drug regimen, 722
meningitis, 689
seizures, 1201, 1202, 1206

Phenothiazines
coagulation factors, 977
drug overdose, 1239, 1240
dystonia, 1168
HIV infected patients, 725
hyponatremia, 1046
hypothermia, 607
neutropenia, 893–894
palpitations, 304
pupillary responses, 1166
torsade de pointes, 412
tricyclic antidepressants, 1213

Phentermine, 1213
Phentermine-fenfluramine toxicity, 389
Phentolamine, 467, 1230, 1231
Phenylbutazone, 977, 1224, 1232
Phenylephrine, 195, 196, 197, 1011
Phenylhydrazine, 892
Phenylpropanolamine, 1131, 1215
Phenytoin

anaphylaxis, 1224
anemia, 891
antidepressants, 1213
drug interactions, 796
drug overdose, 1233, 1235, 1239
erythematous eruptions, 1226
hepatic failure, 810
HIV infection drug regimen, 722
interstitial lung disease, 550
intracranial hemorrhage, 1195
neuropathic pain, 135
neutropenia, 893
pancytopenia, 895
seizures, 1201, 1204, 1205, 1206
subarachnoid hemorrhage, spontaneous, 1191,

1192
thrombocytopenia, 977
thyroid disease, 1075
tuberculosis treatment, interactions with, 659

Pheochromocytoma, 464, 467, 469
Philadelphia chromosome, 947
PHisoHex®, 209, 215, 222, 225, 226, 231
Phlebitis, 352, 627, 704
Phosphate, 1088, 1089
Phosphate binders, 1025
Phosphorus, 1018, 1019, 1024–1025
Phosphorus-32, 951
Phosphorus levels, 941, 942, 943, 1024–1025
Physical examination

abdominal masses in gastrointestinal disease,
761–762

acute respiratory failure, 184
angina, 333
chest pain, 299, 301
dialysis patients, 1019–1020
drug overdose, 1234
fever and rash, 602
fever of unknown origin, 606
heart failure, 360
hospital-acquired pneumonia, 645
interstitial lung disease, 556
lightheadedness, 306
liver disease, 763–764
liver transplant recipients, evaluation of, 841
palpitations, 305
pulmonary disease with HIV infection, 730
pulmonary medicine, 518
sepsis, 202
syncope, 425, 426

Physical therapy, 131, 920, 1141, 1151, 1158, 1193
Physostigmine, 1230, 1233
Pilocarpine, 1166
Pindolol, 400

Pioglitazone, 1024
Piperacillin, 625, 832
Piperacillin/tazobactam, 626, 648, 649, 670, 672,

677
Piroxicam, 512, 722
Pituitary adenoma, 1076
Plague, 715
Plaque, atherosclerotic, 330–331, 335, 343, 349
Plasma, fresh frozen

allergic reactions to transfusions, 913
apheresis of whole blood, 907
chronic myeloproliferative diseases, 953
commercial products, 909, 910
deep venous thrombosis, 499
gastrointestinal bleeding, 771
hepatic failure, 811, 813
L-asparaginase, 935
liver transplantation postoperative concern, 843
lumbar puncture, 1172
platelet dysfunction in dialysis patients, 1024
ulcerative colitis, 802

Plasma renin activity, 465
Plasma substitutes, 910
Plasmapheresis, 377, 991, 1096, 1128
Platelet apheresis, 907, 952, 953
Platelet count, 257, 820
Platelet function analyzer (PFA-100®), 976
Platelet growth factors, 988
Platelet inhibitors, 951, 953, 1137
Platelet transfusions, 771, 934, 935, 953,

959–960, 986, 987, 988, 990
Platelets, 811, 913, 975–980, 984–988, 986–987,

1024
Platelia Aspergillus galactomannan assay, 618
Platinol, 902
Platinum therapy, 897
Pleural disease in rheumatoid arthritis, 1141
Pleural effusion

Boerhaave’s syndrome, 787
community-acquired pneumonia, 634, 641
dialysis patients, 1022
organ involvement in lymphoma patients, 944
physical signs, 518, 519, 520
pulmonary medicine, 577–581
thoracentesis, 227–228
spherical mass lesions, 591
tuberculosis, 656, 659

Pleural fluid, 227, 228, 229, 528, 578–579
Pleural mesotheliomas, 577
Pleural rubs, 578
Pleural space, 227–231, 577–585
Pleuritic rubs, 301
Pleuritis, 301, 344
Pleurodesis, chemical, 580, 581, 584, 585
Plicamycin, 901, 904, 925
Pneumococcal vaccination, 83, 559, 643, 650, 736
Pneumococcus infections, 112, 114, 150, 447
Pneumocystis pneumonia

HIV infection, 729–737
Pneumocystis jirovecii (carinii) pneumonia

cough, 522
hematopoietic cell transplantation, 962
HIV infection, 721, 723
lung transplantation, 563, 564
respiratory failure, acute, 184, 185, 187
vasculitis, 1129

Pneumomediastinum, 178, 787
Pneumonia

abdominal pain, causing, 753
acute respiratory failure, 185, 187
aspiration, 413, 414, 876
chest pain, 301
chronic eosinophilic, 554
community-acquired, 633–644
dialysis patients, 1022
HIV infection, 729–737
hospital-acquired, 645–653
interstitial, 962
lung volume reduction surgery, 566
myocardial infarction, 344
physical signs, 518, 519, 520

Index 1279

Wachter Index.qxd  3/14/05  3:40 PM  Page 1279



pleural effusions, 579, 580
pregnancy, 276
preoperative evaluation, 256
sickle cell disease, 969

Pneumonia Severity Index (PSI), 635–637
Pneumonia vaccination, 535, 537
Pneumonic plague, 715
Pneumothorax

acute pericarditis, differentiating from, 444
asthma, 541
central venous catheterization, 222
chest pain, 301
chest radiographs, 528
extracardiac obstructive shock, 191, 192
interstitial lung disease, 557
mechanical ventilation, 178, 179
pacemaker implantation, 438
parenteral nutrition, 107
physical signs, 518, 520
Pulmonary Langerhans’ Cell Histiocytosis, 553
pulmonary medicine, 577, 581–585
tension, 198, 231, 411, 583
thoracentesis, 227, 228, 229, 231
thoracic injury, 290
transthoracic needle aspiration biopsy

(TTNAB), 588
Podragra, 1145
Poisoning, 809, 810, 811, 812, 815, 816, 1236
Polyarteritis nodosa, 1126, 1128, 1129
Polycystic renal disease, 867
Polycythemia, 532, 949
Polycythemia vera, 947, 948, 949, 950, 951–952
Polygeline, 822
Polymerase chain reaction testing, 610, 684
Polymorphic ventricular tachycardia, 411, 413,

416, 417, 418, 425, 431
Polymyalgia rheumatica, 1116, 1124, 1125
Polymyositis, 1136, 1140–1141
Polymyositis-dermatomyositis, 552
Polymyxin, 621
Portal hypertension, 768, 819, 820, 821, 846–847
Portal vein thrombosis, 886, 887
Portland diabetic Project, 1080
Portopulmonary hypertension, 843
Positive end-expiratory pressure (PEEP),

174–175, 177, 179, 186, 187
Positive pressure ventilation, 178–179, 186
Positron emission tomography (PET), 329, 588,

589, 592, 886
Post-ictal state, 1199, 1200
Postoperative care

anesthesiology, 245–246
comanagement by hospitalists, 261–268
fever, 599
heart transplant surgery, 374–376
hematopoietic cell transplantation, 958–959
ileus and bowel obstruction, 879
liver transplantation, 843–847
pleural effusions, 578
renal transplantation, 1032–1033
supraventricular tachyarrhythmias in

hospitalized patients, 405
Postpartum infection, 679
Postpartum pleural effusions, 578
Post-phlebitic syndrome, 499, 500
Post-transplant lymphoproliferative disease, 379,

563, 564, 847
Posttraumatic stress disorder, 717
Postural tachycardia syndrome, 427
Potassium

dialysis patients, 1018, 1019, 1026
electrolyte disorders, 1045, 1048–1052,

1049–1052
multifocal atrial tachycardia (MAT), 403
tumor lysis syndrome, 942–943

Potassium citrate, 1043
Potassium iodide, 274
Potassium levels

acetazolamide, 1062
anesthesia, 244–245
dialysis patients, 1024

electrolyte disorders, 1049–1051, 1051–1052
heart failure, 364
hypertension, emergent, 465
limb ischemia, 489
myocardial infarction, 356
nausea and vomiting in gastrointestinal disease,

755
palpitations, 304
renal tubular acidosis, 1057
sinus node dysfunction, 431
torsade de pointes, 412, 413
transfusion reactions, 913
tumor lysis syndrome, 941, 942–943

Potassium supplements
cardiac arrest and resuscitation, after, 414
diabetes mellitus, 1081, 1084, 1088, 1089
dialysis patients, 1026
drug overdose, 1240
esophageal disorders, 785, 786
hypokalemia, 1050–1051

Potomania, 1046, 1047
Povidone-iodine

arthrocentesis, 210, 215
intravascular catheterization, 209, 217, 222
lumbar puncture, 223, 225
paracentesis, 225, 226
thoracentesis, 227, 231

Power of attorney, 122–123, 124
Practice guidelines for physicians, 87–91, 169
Pralidoxime, 1232, 1241
Pravastatin, 379, 722
Prazosin, 1213, 1239
Precipitating factors

anaphylaxis, 1222
angina discomfort, 332, 335
asthma, exacerbations of, 539
cardiac arrest and resuscitation, after, 413
chest pain, 303
chronic obstructive pulmonary disease, 531–532
heart failure, 360
lightheadedness, 306
myocardial ischemia, 369
myxedema coma, 1097, 1099
palpitations, 304
supraventricular tachyarrhythmias in inpatients,

404–406
thyrotoxic storm, 1095, 1096

Precision of diagnostic tests, 41
Predisposing conditions

aneurysms with subarachnoid hemorrhage, 1190
constrictive pericarditis, 450
deep venous thrombosis, 496, 500, 501
endocarditis, 693, 694
hepatic encephalopathy, 825
pulmonary embolism, 505–506, 512

Prednisolone, 276, 811
Prednisone

adrenal insufficiency, 1106
agnogenic myeloid metaplasia, 952
anemia, 893
asthma, 543, 545, 546
chronic obstructive pulmonary disease, 534, 535
Crohn’s disease, 805
eosinophilic pneumonia, 555
gout, 1147
graft-versus-host disease, 961, 962
heart transplantation, 376, 377
hematopoietic cell transplantation, 959
HIV infection drug regimen, 722
idiopathic thrombocytopenic purpura, 985
interstitial lung disease, 558
lung transplantation, 564
lung volume reduction surgery, 566
pericarditis, 447, 449
pregnancy, 272
preoperative evaluation, 258
pulmonary disease with HIV infection, 735
radiocontrast allergies, 1225
renal transplantation, 1031
systemic lupus erythematosus (SLE), 1135,

1137

ulcerative colitis, 802, 803
vasculitis, 1122, 1123, 1125, 1128, 1129, 1132

Preeclampsia, 271, 272–273, 274, 276
Pregnancy

alcohol withdrawal, 1246
aortic intramural hematoma and dissection, 472
D-dimer assays, 495
deep vein thrombosis, 498
fluoroquinolone antibiotics, 627
hepatic failure, 810, 811, 813, 815
hypertension, emergent, 463, 464, 467, 468
idiopathic thrombocytopenic purpura,

985–986
medical consultation regarding, 271–277
paracentesis, 225
platelet function disorders, 987
pulmonary embolism, 505
pulmonary hypertension, 573
Rh compatibility for transfusions, 912
tetracycline, 627
thrombolytic therapy, contraindication for, 348
thrombotic disorders, 983
trauma patients, 292
tuberculosis, 658
urinary tract infection, 668, 669, 670, 671, 672

Pregnancy tests, 861
Premature atrial contraction (PAC), 397
Premature ventricular contractions (PVCs), 425
Prerenal azotemia, 379
Presentation, clinical

abdominal aortic aneurysm, 481–482
acquired atrioventricular block, 433
adrenal insufficiency, 1104
allergic reactions, 1221–1222
altered mental status in HIV infected patients,

745
angina, 334
aortic intramural hematoma and dissection, 472
aortic regurgitation, 383–384
aortic stenosis, 381
appendicitis, acute, 860
asthma, 540
back pain, 1154
bacterial meningitis, 683–684
bowel ischemia, acute, 867–868
bowel obstruction, 873
cellulitis, 675–676
chronic myeloproliferative diseases, 948
chronic obstructive pulmonary disease

(COPD), 531–532
community-acquired pneumonia, 633–634
constrictive pericarditis, 450
Crohn’s disease, 800, 804
deep vein thrombosis, 496
diverticulitis, 864
drug overdose, 1229, 1230–1233, 1236, 1239,

1240
endocarditis, 693
focal CNS lesions in HIV infected patients, 742
gout, 1145
heart failure, 360–361
heart transplantation complications, 379
hepatic failure, 810, 812
hypercalcemia in oncologic emergencies, 924
hypertension, emergent, 463
interstitial lung diseases (ILDs), 549
intracranial hemorrhage, 1193
IV catheter-associated infection, 703–704
kidney stones, 1037–1038
limb ischemia, 486–487
lymphoma, 937–938
meningitis in HIV infected patients, 739
mitral regurgitation, 387
mitral stenosis, 385
myocardial infarction, 264, 298, 343, 357
myxedema coma, 1097–1098
necrotizing fasciitis, 678–679
neurologic oncologic emergencies, 917–918
pancreatitis, 849
peptic ulcer disease, 790–791
pericardial oncologic emergencies, 921
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pericarditis, 442–443
peritonitis, 823–824
pleural effusions, 577–578
pneumothorax, 582, 583
pulmonary disease with HIV infection, 731
pulmonary embolism, 505
pulmonary hypertension, 569–570
respiratory failure, 183–184
seizures with drug overdose, 1238
sepsis, 201
sickle cell disease, 965–966, 968
sinus node dysfunction, 431
subarachnoid hemorrhage, spontaneous, 1190
subdural hematoma, 1196
superior vena cava syndrome, 922
supraventricular tachyarrhythmias, 396
syncope, 423
thoracic aortic aneurysms, 480
thyrotoxic storm, 1093–1094
tricuspid regurgitation, 389
tuberculosis, 655–656, 662
ulcerative colitis, 800–801
urinary tract infection, 667–668
ventricular arrhythmias, 411, 418

Preservation injury, 846
Pressure gradients, vascular, 381, 382, 386, 456,

458, 459
Pressure-preset ventilation, 173, 174, 175
Pressure-support ventilation, 174, 175, 181
Priapism, 967–968, 969, 970
Primaquine, 735, 892
Primary Angioplasty in Myocardial Infarction

(PAMI), 348
Primary care physicians, 4, 5, 111–112, 127
Primary pulmonary hypertension, 570, 571, 572,

573, 574
Primary spontaneous pneumothorax, 577,

581–582, 583–585
Prions, 909, 915
Pristinamycin, 627
Privacy of patients, 67, 126
Proarrhythmias, 402, 403, 404, 411
Probabilities. See also Likelihood

coronary artery disease (CAD), of having,
333–334

decision analysis, 45–49
deep vein thrombosis, diagnosis of, 496
diagnostic tests, 37–41
preoperative evaluations of risk, 250

Probanthine, 1213
Probenecid, 1148
Problem solving in evidence-based medicine, 51–56
Probucol, 412
Procainamide

antinuclear antibodies, 1117
atrial fibrillation, 403
cardiac arrest and resuscitation, after, 415
coagulation factors, 977
drug overdose, 1239, 1240
neutropenia, 893
palpitations, 304
pericarditis, 442
post heart transplant surgery, 375
supraventricular tachyarrhythmias, 399, 400,

404, 405
syncope, 425
thrombocytopenia, 977
torsade de pointes, 412
ventricular arrhythmias, 356, 410, 419
ventricular arrhythmias and cardiac arrest, 418
wide-complex tachycardia, 395

Procalcitonin, 686
Procarbazine, 550, 899
Procedures in hospital medicine, 207–231
Prochlorperazine, 273, 756
Professional fees for hospitalists, 19–20
Progesterone, 272
Progestins, 786
Prognoses

acute leukemia, 929–930
angina, of, determining, 334–337

aortic stenosis, 383
cardiac arrest and resuscitation, after, 416
central nervous system vasculitis, 1132
chronic myeloproliferative diseases, 948
end-of-life care, 140–141
heart transplantation, 373
hepatic failure, 809, 810, 812, 813, 814
intracranial hemorrhage, 1195
lymphomas, 938
malignancy post heart transplantation, 380
nuclear perfusion imaging, 320
pupillary responses, 1166
sickle cell disease, 972

Prograf, 1031
Progressive multifocal leukoencephalopathy, 739,

742
Proliferative bronchiolitis, 551
Promethazine, 969
Promyelocytic leukemia, 933
Propafenone, 304, 399, 400, 403, 404, 419, 512,

722
Prophylaxis

anthrax, 714
bioterrorism, 712
cell-mediated immunity, impaired, 620
deep venous thrombosis, 292, 677
dialysis patients, 1012
graft-versus-host disease, 958–959
hematopoietic cell transplantation, 959,

961–962
infections in lymphoma patients, 943
pancreatitis, 854, 855
plague, 715
pneumocystis pneumonia, 736
prothrombin 20210, 983
recurrent urinary tract infection, 671
stress-related gastropathy, 795
stroke, 1181–1182, 1183

Propofol, 244, 1202, 1239
Propoxyphene, 131, 1232, 1237, 1240
Propranolol

alcohol withdrawal, 1248
antidepressants, 1213
aortic intramural hematoma and dissection, 475
atrial fibrillation, 402
cardiac arrest and resuscitation, after, 415
depression, 1210
drug overdose, 1230, 1239, 1240
myocardial infarction, 350, 351
pregnancy, 274–275
supraventricular tachyarrhythmias, 399, 400
thyrotoxic storm, 1095–1096
tremor, 1167

Propylene glycol, 1201
Propylthiouracil, 274, 1095
Prostacyclin, 375, 376, 491, 572, 573, 843, 1139
Prostaglandins, 491
Prostate cancer, 500, 1038, 1040
Prostatic hypertrophy, 1038, 1040, 1041
Prostatitis, 668, 670
Prosthetic heart valves, 389–390
Prosthetic joints, 210, 1150, 1151
Protamine, 265, 497, 499, 989, 1024
Protease inhibitors, 663
Protein

cerebrospinal fluid, 684, 686
dialysis patients, 1018–1019, 1020, 1021, 1024
nutritional requirements, 102–103
renal disease, 1003, 1004, 1042

Protein C, 459, 510, 981, 982–983
Protein S, 459, 981, 982–983
Protein synthesis, 1080
Proteinuria, 996, 1002
Prothrombin complex concentrates, 988
Prothrombin gene mutation, 275
Prothrombin time

bleeding disorders, 976
cirrhosis, 820
gastrointestinal bleeding, 769
hepatic failure, 809, 810, 812, 813, 814, 816
liver disease, 764

liver transplantation, 843
pericarditis, 443
preoperative evaluation, 257
pulmonary embolism, 510

Prothrombin 20210, 982, 983
Proton pump inhibitors

cough, 522
esophageal disorders, 783, 786
gastrointestinal bleeding, 768, 771, 773
peptic ulcer disease, 793, 794, 795, 796, 1023
pregnancy, 273
stress ulcers in trauma patients, 293

Prozac, 1212
Pseudoclaudication, 457
Pseudo-Cushing syndrome, 1071
Pseudocysts, 856–857
Pseudoephedrine, 970, 1137, 1215, 1236
Pseudogout, 1143, 1145
Pseudohemoptysis, 523
Pseudohyperkalemia, 1051
Pseudohypokalemia, 1049–1050
Pseudohyponatremia, 1045
Pseudolymphoma, 1139
Pseudomonas aeruginosa, 265, 534, 627–628, 629
Pseudomyasthenia, 588, 591
Psoas sign, 860
Psychiatric units, admission to, 284
Psychiatrists, 279–285, 425, 426, 429, 805, 806,

1234, 1236, 1249
Psychoactive medications, 263, 304, 306, 746, 845
Psychogenic seizures, 1200, 1202
Psychological disorders

depression, 1209–1216, 1213
elderly patients, 112, 115
electroencephalography, 1173
myxedema coma, 1098
pain, 130
psychosis, 280–281, 284

Psychologists, 805
Psychophysiologic disorders, 541
Psychosocial care, 29, 1210
Public health departments, 655, 662, 664, 680,

714, 1151
PubMed, 53
Pulmonary angiography, 506, 507
Pulmonary artery catheterization, 196–197, 253,

362, 367
Pulmonary artery pressure, 569
Pulmonary capillary wedge pressure, 191, 193,

197, 361, 363
Pulmonary contusions, 187
Pulmonary disease

anxiety, 280
arteriovenous aneurysms, 592
community-acquired pneumonia, 641
echocardiography, 323
HIV infection, 729–737
preoperative evaluation, 256
pulmonary capillaritis, 551
pulmonary capillary leak, 273
pulmonary congestion, 386, 387, 388, 433
pulmonary hemorrhage, 187
pulmonary histiocytosis X, 557
pulmonary infarction, 299, 300
pulmonary nodules, 945
pulmonary thromboembolic disease, 188
pulmonary-renal syndrome, 524
supraventricular tachyarrhythmias, 397, 405

Pulmonary edema
alkalosis, respiratory, 1064
asthma, 540
cardiac arrest and resuscitation, after, 413
cardiogenic, 175
cardiogenic shock, 191
chronic eosinophilic pneumonia, 554
dialysis patients, 1021, 1022
heart failure, 359, 360, 361–362, 366, 367,

369, 370
mitral stenosis, 386
noninvasive ventilation, 187
physical signs, 518, 519
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pleural effusion, 580, 581
pregnancy, 271
preoperative evaluation, 254
renal disease, 1002
severe preeclamsia of pregnancy, 273
subarachnoid hemorrhage, spontaneous, 1191
syncope, 428
thoracentesis, 229
transfusion reactions, 913

Pulmonary embolism
acute, 405
chest pain, 299, 300
deep vein thrombosis, 495
delirium, 282
dyspnea, 523
extracardiac obstructive shock, 192, 197
heart failure, 360
inferior vena cava (IVC) filters, 499
interstitial lung disease, 557
IV catheter-associated infection, 708
medical consultants for surgical patients, 237
myocardial infarction, differentiating from, 344
pericarditis, differentiating from, 444
pleural effusions, 579, 580
pregnancy, 275
renal transplantation, 1035
sudden death following acute myocardial

infarction, 351
supraventricular tachyarrhythmias, 397, 398
syncope, 424, 428
tricuspid regurgitation, 389
vascular medicine, 505–513
ventricular arrhythmias and cardiac arrest, 411,

417
wheezing, 519

Pulmonary function testing, 256, 525–527, 557
Pulmonary hypertension

cardiac arrest and resuscitation, after, 416
extracardiac obstructive shock, 192
mitral stenosis, 385
pulmonary angiogram, 507
pulmonary medicine, 569–576
right ventricular (RV) failure, 368
sickle cell disease, 971, 972
syncope, 424
ventricular arrhythmias and cardiac arrest, 411

Pulmonary Langerhans’ Cell Histiocytosis, 550,
553

Pulmonary rehabilitation program, 559, 566
Pulmonary specialists, 509, 534, 558, 639,

641–642
Pulmonary system

abnormalities, 403
chest pain, 301
liver transplant recipients, evaluation of,

842–843
postoperative care, 264–265
pulmonary vessels, 325
signs, symptoms, and laboratory abnormalities,

517–529
Pulmonary thromboendarterectomy, 575
Pulmonary vascular resistance (PVR), 373
Pulmonary vasodilators, 375
Pulmonic murmurs, 271
Pulmonic regurgitation, 385
Pulmonic stenosis, 424
Pulse deficits, 333, 344, 472, 473, 475
Pulse pressure, 464
Pulses

acute limb ischemia, 487, 489, 490
asymmetric, 1123
chronic limb ischemia, 490
peripheral artery disease, 457–458, 460

Pulsus alternans, 308
Pulsus paradoxus, 308, 441, 443, 444–445, 541,

544
Pulsus parvus et tardus, 381
Punch biopsy with silver staining, 724
Punctate telangiectases, 976
Pupillary response, 289, 1166, 1187
Purified protein derivative (PPD) of tuberculin, 524

Purine analog agents, 943
Purpura, 976
Pyelonephritis, 276, 671, 672, 1033, 1034, 1035
Pyrazinamide, 657, 658, 659, 660, 725
Pyridium, 892
Pyridoxine, 661, 983, 1204, 1231, 1232, 1239,

1241
Pyrimethamine, 743
Pyuria, 667, 668

Q
Q fever, 602, 603
Q waves, 413
QRS widening, 1240
QT interval prolongation, 411, 412, 417, 425,

428, 1240
Quality of care

hospitalist model, 6
peptic ulcer disease, 796
prospective reimbursement systems, 13
quality improvement, 79–85, 165
roles of hospitalists, 7

Quality of life
dialysis, 1018
dual-chamber pacemakers, 439
end-of-life care, 139
heart transplantation, 374
lung transplantation, 562
lung volume reduction surgery, 565

Quality-adjusted life-years (QALYs), 48, 59–60
Quantity of care and hospital revenues, 13–14
Quetiapine, 281, 1240
Quinapril, 364, 365
Quincke’s pulses, 308
Quinidine

anemia, 892
drug overdose, 1239, 1240
esophageal disorders, 785, 786
heart transplant surgery, 375
HIV infection drug regimen, 722
palpitations, 304
supraventricular tachyarrhythmias, 399, 400,

403, 404
syncope, 425
thrombocytopenia, 977
torsade de pointes, 412
tricyclic antidepressants, 1213
ventricular arrhythmias, 419

Quinine, 722, 813, 977
Quinolone antibiotics

acute myelogenous leukemia, 933, 934
hospital-acquired pneumonia, 648
liver transplant patients, infection prophylaxis

for, 621
neutropenic hosts, 616, 617, 619
pancreatitis, 855
plague, 715
pregnancy, 277
Pseudomonas aeruginosa, 628, 629
tuberculosis treatment, interactions with, 661

Quinpristin/dalfopristin, 627, 630, 707

R
Rabbit antithymocyte globulin, 1031
Rabeprazole, 793
Racemic epinephrine, 519
Radiation esophagitis, 785
Radiation pericarditis, 442, 447
Radiation therapy

agnogenic myeloid metaplasia, 952
back pain, 1156
chronic myeloproliferative diseases, 953
Cushing syndrome, 1073
diffuse aggressive lymphomas, 940
drug-induced interstitial lung disease, 552
esophageal carcinoma, 783
hematopoietic cell transplantation, 956, 958
Hodgkin’s disease, 941
neurologic oncologic emergencies, 919, 920

organ involvement in lymphoma patients, 944
pacemakers, 439
pancytopenia, 895
peripheral arterial disease, 486
pulmonary function testing, 525
superior vena cava syndrome, 923, 924

Radiation therapy consultation, 920
Radiation-induced constrictive pericarditis, 451
Radio frequency ablation, 404, 406, 410, 412,

418, 419
Radioactive iodine, 1093, 1095, 1097
Radiocontrast allergies, 1225, 1226, 1227
Radiofrequency ablation, 397, 399, 400, 403
Radiographs

back pain, 1156, 1157
contrast dye and anesthesia, 243
rheumatology, 1112, 1114, 1118
sepsis, tests for, 202
trauma patient assessment, 288

Radiographs, abdomen
abdominal aortic aneurysm, 482
appendicitis, acute, 861
bowel obstruction, 875, 878, 879
cholangitis, 834
Crohn’s disease, 800, 804
diverticulitis, 864, 866
gastrointestinal disease, 753, 755
pancreatitis, 851
ulcerative colitis, 801, 803

Radiographs, chest
acute respiratory distress syndrome (ARDS), 189
angina, 333
anthrax, 714
aortic intramural hematoma and dissection,

472–473, 476
appendicitis, acute, 861
bowel obstruction, 875
cardiac arrest and resuscitation, after, 413, 414
cardiovascular disease, 312
chest pain, 299, 302
chronic obstructive pulmonary disease

(COPD), 532
community-acquired pneumonia, 634, 637,

640, 642
cough, 521, 522
dyspnea, 523
fever, 600, 606
hemoptysis, 524
hospital-acquired pneumonia, 646, 647, 650
hypertension, emergent, 464
interstitial lung disease, 556, 557
neurologic complications in HIV infected

patients, 741
pacemaker implantation, 438
pericarditis, 443, 444
pleural effusions, 577–578
postoperative care, 261
pulmonary disease with HIV infection, 731–732
pulmonary embolism, 505, 508
pulmonary hypertension, 570, 571
pulmonary medicine, 519, 520, 527–529
respiratory failure, acute, 185, 186
solitary pulmonary nodules, 587, 589, 593
spontaneous pneumothoraces, 582, 584, 585
subclavian vein cannulation, 220, 222
tension pneumothorax, 583
thoracentesis, 228, 231
thoracic aortic aneurysms, 480
tuberculosis, 655–656

Radioiodine, 1070
Radiologists, interventional, 853, 862, 869
Radionuclide angiography, 322
Radionuclide cholescintigraphy, 831, 833, 834
Radionuclide scintigraphy (bone scan), 1156
Radionuclide ventriculography, 360
Rales, 184, 301, 361, 518
Ramipril, 364, 365
Ranitidine, 273, 793, 794, 977, 1164, 1165, 1168,

1210
Ranson criteria, 170, 852
Rapamune, 1031
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Rapamycin, 961
Rasburicase, 943
Rash

acute bacterial meningitis, 683
allopurinol for tumor lysis syndrome, 943
fever and, 600–602, 608
graft-versus-host disease, 961
hemoptysis, 524
HIV infected patients, 723, 724
multiple pulmonary nodules, 592
penicillin antibiotics, 625
Salmonella infections, 603, 604
smallpox, 714
systemic lupus erythematosus (SLE), 1135

Rasmussen’s Aneurysm, 661
Raynaud’s disease, 487, 570, 1137, 1138, 1139
Reactivation tuberculosis, 655–656
Reactive airway disease, 316
Rebleeding

gastrointestinal, 771–773, 777, 778
intracranial, 1190, 1191, 1195

Rebound tenderness, 860
Recanalization therapy. See Revascularization

therapy
Recombinant plasminogen activator (rPA),

346–347, 348
Recombinant activated factor VII, 988
Recombinant factor VIIa, 499, 843
Recombinant human activated protein C

(rhAPC), 204, 206
Recombinant urate oxidase, 943
Recreational drugs, 1166, 1168
Red blood cell transfusions

acute myelogenous leukemia, 934, 935
agnogenic myeloid metaplasia, 952
apheresis of whole blood, 907
bacterial contamination of transfusion

products, 913
compatibility for transfusions, 911–912
frozen, 908
liver transplantation postoperative

complication, 844
renal failure, acute, 1010
replacement of, 909–910
substitutes for, 909
thrombocytopenia, 986

Red cell casts in urinalysis, 997–998
Reed-Sternberg cells, 941
Reexpansion pulmonary edema, 580, 581
Referring physicians, 23, 25–26
Reflexes, loss of, 1154
Refusal of treatment, 119–120, 121, 124, 127,

282, 283–284
Regional anesthesia, 244–245
Regional chemotherapy, 898, 901, 903
Regitine, 467
Regurgitant fraction, 384, 387
Rehabilitation facilities, 1182, 1193
Rehabilitation programs for alcoholics, 841
Reimbursement for care, 12–13, 14, 84, 88
Rejection episodes, 563, 564, 621–622, 960–961,

1029, 1035
Religion and end-of-life care, 142, 143
Remeron, 1212
Remifentanil, 244
Renal disorders

cardiovascular disease, 312
end-stage, and dialysis, 1017–1026
heart failure, 359, 370
hypertension, emergent, 463, 464, 465, 

468
multiple pulmonary nodules, 592
myxedema coma, 1098
pregnancy, 275–276
renal artery stenosis, 1036
renal tubular acidosis, 1057–1058
rheumatoid arthritis, 1142
right ventricular (RV) failure, 368
scleroderma, 1138
signs, symptoms, and laboratory abnormalities,

995–1004

stone disease and obstruction, 1037–1043
treatment of heart failure, 363

Renal failure
abdominal aortic aneurysm, 481
acute, 1007–1016
aortic stenosis, 382
chronic, 337
HIV infected patients, 726
hypercalcemia in oncologic emergencies, 925
increased intracranial pressure, 1188
liver chemistries, abnormal, 765
pancreatitis, 856
pericarditis, 451
platelet function disorders, 986
postoperative, 268
pregnancy, 276
renal stone and obstructive disease, 1041
trauma patients, 293
tuberculosis treatment, 659
tumor lysis syndrome, 941–943
vasculitis, 1127

Renal function
acute limb ischemia, 488
aortic intramural hematoma and dissection,

472, 475
cardiac arrest and resuscitation, after, 413
cirrhosis with ascites, 821, 822
contrast dye and anesthesia, 243
deep vein thrombosis, 498
gout, 1147
heart failure, 364
hemoptysis, 524
hepatorenal syndrome, 826
lung transplantation, 562
nitroprusside, 465, 466
renal artery anatomy variations, 1027
spiral CT scans, 506

Renal insufficiency
angina, prognosis of, 335
elevated BUN and creatinine levels, 1003–1004
heart transplantations, 379
heparin dose adjustment for myocardial

infarction, 350
liver transplantation, 845
troponin levels, 336

Renal replacement therapy, 1017
Renal toxicity, 262, 620, 824
Renal transplantation, 276, 620–621, 1027–1036
Renin levels, 1059
Renin-angiotensin-aldosterone system, 1046
ReoPro, 349
Reperfusion therapy

limbs, 488
myocardium, 337, 343, 344, 357

Reserpine, 1210, 1213
Resistant pathogens

antibiotics, to, 623–631
antiretroviral regimens for HIV infection, 722
pneumonia, 638–639, 645, 646, 648, 649, 650
tuberculosis, 657, 659–660, 662
urinary tract infection, 669

Resource use
acute gastrointestinal bleeding, 778
acute leukemia, 935
acute pancreatitis, 849, 853, 857
alcohol withdrawal, 1249
anaphylaxis, 1226
angina, 341
arthritis, 1151
asthma, 545–546
back pain, 1159
biliary disease, 837
bowel obstruction, 880
cardiovascular diagnostic tests, 326
cellulitis and necrotizing fasciitis, 681
cirrhosis, 827
community-acquired pneumonia, 643
COPD, 537
Crohn’s disease, 806
depression, 1211
diabetes mellitus, 1091

drug overdose and dependence, 1241
endocarditis, 700
esophageal disorders, 787
heart failure, 371
hepatic failure, 816
hospital-acquired pneumonia, 651–653
increased intracranial pressure, 1197
interstitial lung disease, 559
IV catheter-associated infection, 709
myocardial infarction, acute, 357
neurologic complications of HIV infected

patients, 746
peptic ulcer disease, 796
primary spontaneous pneumothorax, 585
pulmonary disease with HIV infection, 737
pulmonary hypertension, 575
pulmonary nodules and masses, 592–593
renal failure, acute, 1015
renal stone and obstructive disease, 1043
respiratory failure, acute, 190
sepsis, 206
sickle cell disease, 973
tuberculosis, 664
urinary tract infection, upper, 673
valvular heart disease, 390
vasculitis, 1132
ventricular arrhythmias and cardiac arrest, 420

Respiratory acidosis, 527, 533
Respiratory alkalosis, 527
Respiratory arrest, 545
Respiratory bronchiolitis-associated interstitial

lung disease, 550, 553
Respiratory disease

Aspergillus organisms, 616
asthma, 541
chronic obstructive pulmonary disease, 532
dialysis patients, 1022
infections related to travel, 603
pregnancy, 272
pulmonary hypertension, 570
renal transplantation, 1035
tension pneumothorax, 583
wheezing, 519

Respiratory failure
acute, 183–190
botulism, 715
chronic obstructive pulmonary disease, 533
idiopathic pulmonary fibrosis, 553
interstitial lung disease, 557–558
pleural effusion, 580
pulmonary disease with HIV infection, 735–736
well-tolerated ventricular arrhythmias, 418

Respiratory system
mechanical ventilation, weaning from, 181
myxedema coma, 1097–1098
postoperative care, 246, 261
Sjögren’s syndrome, 1139

Respiratory therapists, 166
Restraints, 280, 283, 1165
Restrictive cardiomyopathy, 369, 450, 451
Restrictive lung disease, 525, 557
Reteplase, 346, 348
Retinol-binding protein, 100, 101
Retinopathy, 348
Re-transplantation of hearts, 375, 379
Retroperitoneum, 472, 481, 482
Retrospective reimbursement, 12, 13, 14
Retroviruses, 915
Revascularization

acute coronary syndrome, 339
after cardiac arrest and resuscitation, 413, 414
chronic limb ischemia, 491, 492
discharge issues, 340
heart failure, 361
hepatic artery thrombosis, 844
myocardial infarction, 345–349, 355
myocardial ischemia, 369, 370
peripheral artery disease, 458, 460, 486, 488,

489
post heart transplant surgery, 375
prior, and cardiac catheterization, 339
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subsequent atherosclerotic plaque events, 331
ventricular arrhythmias and cardiac arrest, 417,

418
Reversible acute renal failure, 1007, 1008
Reversible deficits in ischemic myocardium, 316,

318
Revex, 1237
Revised Cardiac Risk Index, 250, 251
Revised Clinical Institute Withdrawal Assessment

for Alcohol Scale, 1246, 1247–1248
Reye’s syndrome, 599
Reynold’s pentad, 833
RFVIIa, 988
Rh factor, 292, 912
Rh immune globulin, 292, 910
Rhabdomyolysis, 291–292, 293, 378, 379, 413,

1237, 1238, 1240–1241
Rheumatic valvular disease, 381, 385, 387, 389
Rheumatoid arthritis

arthrocentesis, 210
autoimmune pericarditis, 447
chronic aortic regurgitation, 383
interstitial lung diseases, 552
rheumatic diseases, 1113, 1114, 1115, 1116, 1117,

1118
rheumatic disorders, 1136, 1141–1142

Rheumatoid nodules, 592
Rheumatologists, 210, 1129, 1147
Rheumatology

arthritis, acute, 1143–1151
rheumatic disorders, 1135–1142
signs, symptoms, and laboratory abnormalities,

1111–1120
vasculitis, 1121–1132

Rhogam, 292, 910
Ribavirin, 716
Rickettsial infections, 603, 604
Riedel thyroiditis, 1069
Rifabutin, 659, 660, 663
Rifamate, 658
Rifampin

adrenal insufficiency, 1104, 1107
anaphylaxis, 1227
anthrax, 714
antimicrobial impregnated intravascular

catheters, 709
combination therapy, 625
community-acquired pneumonia, 638
cyclosporine and tacrolimus, interaction with,

620
endocarditis, 696, 698
HIV infection, 722, 725
meningitis, 687, 688, 689
renal transplantation, 1031
septic arthritis, 1151
thrombocytopenia, 977
thyroid disease, 1075
tuberculosis, 657, 658, 659, 660, 662, 663
vancomycin-resistant Staphylococcus aureus, 630
warfarin, interfering with, 512

Rifamycin, 663
Rifapentine, 657, 658, 660, 663
Rifater, 658
Right-sided heart function, 307, 355, 368, 376,

411, 418, 572, 574, 760, 966–967
Risk adjustment in clinical quality assessment, 81
Risk factors

acute leukemia, 929, 931
anesthetic management, 242
aortic intramural hematoma and dissection, 475
asthma-related death, 544
bowel ischemia, acute, 868
cardiac, 340
chest pain, 301
cough, 521–522
deep venous thrombosis, 267
headache and serious brain disorder, 1164
homocysteine, 341
lightheadedness, 306
liver disease, 763, 765
lymphoma, 937

myocardial infarction, 302
palpitations, 305
peripheral arterial disease, 485
preoperative evaluations, 249, 250, 251
resistant pathogens causing hospital-acquired

pneumonia, 648
ventricular arrhythmias and cardiac arrest, after,

413, 417, 419
ventricular fibrillation and cardiac arrest, 409,

410, 413
Risk stratification

acute coronary syndrome, 339–340
angina, 335, 336
care efficiency and cost reduction, 341
chest pain units, 339
gastrointestinal bleeding, acute, 768, 769–770,

773, 774–775, 777–778
hospitalization for community-acquired

pneumonia, 635–637, 643
myocardial infarction, acute, 344, 345, 352,

353, 355
pancreatitis, 852
peptic ulcer disease, 791
pericardial disease, 452

Risperidone, 143, 281, 1213
Rituxan®, 985
Rituximab, 940, 943, 963, 985, 991
Rocky Mountain spotted fever, 600
Rofecoxib, 131, 773, 795
Roferon, 902
Romazicon, 1237
Root cause analysis (RCA), 152–153
Rose Questionnaire, 456
Rosiglitazone, 1024
Rovsing’s sign, 860
Roxanol, 132
Roxicet, 132
Roxicodone, 132
Roxiprin, 132
Rubor, 458

S
S3 gallop, 309
S4 gallop, 309
Saddle anesthesia, 1154
Safety of patients, 32, 65, 83, 147–154, 157–160,

316
Salicylates

acidosis, metabolic, 1056, 1064
antipyretics, 599
drug overdose, 1229, 1233, 1234, 1235, 1236,

1237, 1238, 1239
Kawasaki syndrome, 1122
thyrotoxic storm, 1096

Saline-suppression test, 1060
Salmeterol, 536
Salmonella infections, 603, 604
Salt intake, 428, 429, 1042
San Diego Questionnaire, 456
Sandimmune, 1031
Sandostatin, 902
Sarcoidosis, 442, 550, 553–554, 686
Sargramostim, 904, 905
Sarin, 1232
Schatzi’s rings, 783
Schizophrenia, 279
Sciatica, 1154
Scintigraphy, 303, 316, 355, 775, 831, 833, 834,

843, 1156
Scleroderma, 457, 552, 784, 1136, 1137–1139
Sclerosing agents, 768, 922
Scopolamine, 756, 1167
Seattle criteria for graft-versus-host disease, 961
Secondary spontaneous pneumothorax, 577, 582,

583–585
Secondary thrombophilia, 989–990
Sedatives

acidosis, respiratory, 1062
antidepressants, 1212, 1214
back pain, 1153

cardiac arrest and resuscitation, after, 414
chronic obstructive pulmonary disease, 534
claustrophobia with MRI, 1172
delirium, 1165
depression, 1210
dialysis patients, 1018
hepatic encephalopathy, 825
hepatic failure, 813
hyponatremia, 1046
increased intracranial pressure, 1188
mechanical ventilation, 176, 178, 179
mechanical ventilation, terminal weaning from,

182
myxedema coma, 1097, 1098
nausea and vomiting in gastrointestinal disease,

756
subarachnoid hemorrhage, spontaneous, 1191

Sedatives/hypnotics, 722
Sedimentation rate, 488, 490, 559, 592
Segmental pressure analysis, 460
Seizures

alcohol withdrawal, 1248–1249
bupropion, 1215–1216
classification of, 1199–1200
drug overdose, 1238–1239
hemiparesis, 1177
hypertension, emergent, 463
imipenem, 626
intracranial hemorrhage, 1195
meningitis, 683, 684, 689
myxedema coma, 1098
neurology, 1199–1207
pregnancy, 276
sinus node dysfunction, 431
subarachnoid hemorrhage, spontaneous, 1192
subdural hematoma, 1197
syncope, 423, 428
ulcerative colitis, 803

Seldane, 304
Seldinger technique, 215–217, 218, 219, 221
Selection criteria

diagnostic tests for cardiovascular symptoms,
315

heart transplantation, 373, 374
lung transplantation, 562
lung volume reduction surgery, 565–566

Selective aldosterone antagonists, 356
Selective serotonin reuptake inhibitors, 115, 134,

280, 1213, 1214, 1215–1216
Sensation, 112, 115, 1169–1170, 1200
Sensitivity analysis in decision making, 46–47
Sensory nerves, 331
Sepsis. See also Infection

alkalosis, respiratory, 1064
bacterial, 600
bacterial pericarditis, 447
cardiac murmurs, 309
D-dimer assays, 495
distributive shock, 192, 197
edema with renal disease, 1003
enteral nutrition, 103, 104
heart failure, 360
hepatic failure, 814
hypothermia, 607
meningitis, 685
sepsis syndrome, 201–206, 679, 1022
urinary tract infection, 671, 672
ventricular arrhythmias and cardiac arrest, 411
well-tolerated ventricular arrhythmias, 418

Septic arthritis, 1144, 1146, 1148–1151
Septic pelvic thrombophlebitis, 277
Septic shock, 676
Septic thrombophlebitis, 502
Septicemic plague, 715
Sequential organ failure assessment, 170
Serotonergic agents, 1164
Serotonin antagonists, 756, 1237
Serotonin reuptake inhibitors, 1232, 1237
Serotonin syndrome, 1215
Sertraline, 722, 1212, 1232
Serum sickness, 625, 1225
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Serum transferrin receptor (sTfR), 890
Serzone, 1212
Sestamibi nuclear perfusion imaging, 303, 316,

318, 320, 340
Sevelamer, 1025
Severe acute respiratory syndrome (SARS), 711, 717
Sevoflurane, 244
Sexual activity, 814, 1144, 1148, 1212, 1215
Sexually transmitted diseases, 1151
Shock

aortic intramural hematoma and dissection,
472, 475

cardiovascular, 359, 360, 1098
classifications of, 191–193
head trauma, 289
mucosal ischemia, 752
myocardial infarction, 355
sepsis, 201, 203, 204, 205
syncope, 428
treatment of, 193–198
urinary tract infection, 671

Shock liver, 765
Short bowel syndrome, 103
Short Portable Mental Status Questionnaire, 112,

114, 745, 1165
Shy-Drager syndrome, 306
Sick sinus syndrome, 425, 467
Sickle cell disease, 956, 965–973, 1113, 1114
Sigmoidoscopy, 865, 869, 875
Signal-averaged ECG (SAGE), 427
Silver sulfadiazine, 709
Silymarine, 811
Simple partial seizures, 1200, 1203
Simplified Acute Physiology Score (SAPS), 170
SimpliRED D-dimer, 495–496
Simulect, 1031
Simvastatin, 512
Sinemet, 1215
Sinequan, 1212
Single-chamber ventricular pacemakers, 439
Single-lung transplantation, 561–562, 575
Single-photon emission computed tomography

(SPECT), 318, 320, 321
Sinus node disorders, 375, 393, 431–432
Sinus rhythms, 394, 395
Sinusitis, 276, 600
Sirolimus, 846, 1031
Sisomicin, 625
Sister Mary Joseph nodes, 889
6-Mercaptopurine, 802, 803, 850
Sjögren’s syndrome, 552, 1057, 1058, 1117, 1118,

1136, 1139–1140, 1141
Skilled nursing facilities, 27, 28, 370
Skin cancer, 380
Skin disorders, 613, 1071, 1073, 1097, 1099, 1104,

1114, 1150. See also Rash
Sleep apnea, 244, 280, 570, 571, 572, 1022
Sliding scale coverage for insulin, 1082, 1083, 1084
Smallpox, 600, 714–715
Smallpox vaccinations, 714–715
Smoking. See Tobacco use
SNOMED controlled terminology, 67
Social services, 28–29, 1195
Social support system, 112, 116, 841
Social work consultation, 292, 805, 806, 1178,

1181
Society of Hospital Medicine, 3
Sociopathy, 283
Sodium

dialysis patients, 1018, 1025
electrolyte disorders, 1045–1048
excretion, 999–1000, 1002
retention, 359, 1001

Sodium citrate, 1024
Sodium intake, 821, 822, 823, 960, 1049
Sodium iopanoate, 1075
Sodium levels, 821, 822, 1045–1048, 1048–1049,

1099, 1191
Sodium morrhuate, 768
Sodium nitrate, 1231
Sodium polystyrene sulfonate, 1023, 1025, 1052

Sodium thiosulfate, 1231
Solu-Medrol, 1137
Solvents, 1232
Soma, 1241
Somatization, 283, 429
Somatostatin, 768, 770, 811, 853, 879
Sones technique, 325
Sorbitol, 753, 1048, 1052, 1235
Sotalol, 1240
Sparfloxacin, 638
Spasticity, 1169
Specific defects in immune function, 614–619,

620
Specific factor assays in bleeding disorders, 978,

979, 980
Specific gravity in urinalysis, 996
Spectral Doppler studies, 322
Speech therapy, 1178, 1181, 1182, 1193
Sphincter of Oddi dysfunction, 850
Spinal anesthesia, 192, 244
Spinal cord compression, 224, 918, 946, 953
Spinal cord injuries, 192, 290, 292, 481, 501
Spinal cord sensory levels, 1169, 1170
Spinal procedures, 686
Spinal stenosis, 456, 457
Spiritual care, 29, 142
Spirometry, 256, 265, 525–526, 532, 535, 537,

557
Spironolactone, 364, 366, 469, 574, 821, 822,

1002, 1051
Spleens, 291, 614, 615
Splenectomy, 887, 893, 952, 985, 991
Splenic sequestration, 887, 890, 966
Splenomegaly, 885–887, 894, 945, 948
Sputum

asthma, 540, 541
chronic obstructive pulmonary disease, 531,

532, 534
community-acquired pneumonia, 634–635,

643
cough, 521, 522
pulmonary disease with HIV infection, 734, 737
tuberculosis, 656, 663, 664

Staging of lymphomas, 938–939
Stanozolol, 1223
Staphylococcus aureus

cellulitis, 675, 678
chronic obstructive pulmonary disease, 534
diabetes mellitus, 1080
dialysis patients, 1021, 1022
diarrhea in gastrointestinal disease, 756, 757
endocarditis, 694, 696, 697, 698
IV catheter-associated infection, 706–707, 708
pacemaker infections, 439
prosthetic heart valves, 390
resistant organism, 629, 630
scalded-skin syndrome, 630
septic arthritis, 1148, 1149, 1150, 1151
trauma patients, 292

Staphylococcus epidermis, 390, 439, 1021, 1022
Staphylococcus infections, 447, 449, 592
Statin therapy

aortic stenosis, 383
cardiac risk factors, 340
heart transplantations, 379
limb ischemia, 487, 492
myocardial infarction, 345, 352–353, 355, 356,

357
stroke, 1182
warfarin, interfering with, 512

Status asthmaticus, 544
Status epilepticus, 428, 689, 1172, 1173,

1201–1203, 1239
ST-elevation MI (STEMI), 344, 345–349
Stem cell transplantation, 941, 956
Stents

biliary disease, 833, 835, 837
cardiac, 252, 253, 345, 347, 348, 357
carotid artery, 1182
superior vena cava syndrome, 923, 924
ureteral, 1041, 1042

Stereotactic biopsy
parenchymal brain involvement in lymphoma

patients, 945
Stereotactic radiosurgery, 919
Stereotactic surgery, 919, 945, 1195
Steroid elution, 435
Steroids

anaphylaxis, 1224, 1225
angioedema, 1223
asthma, 547
back pain, 1156, 1157
chronic obstructive pulmonary disease, 531
donors of blood for apheresis, 907
encephalopathy after renal transplantation,

1035
fever, 598
focal CNS lesions in HIV infected patients, 743
heart transplantations, 378
hematopoietic cell transplantation, 961
hepatic failure, 811
hypercalcemia in oncologic emergencies, 925
hypersensitivity pneumonitis, 556
hypopituitarism, 1076
increased intracranial pressure, 1189
leukocytosis, 894
lung volume reduction surgery, 566
meningitis in HIV infected patients, 741
multiple pulmonary nodules, 592
neurologic oncologic emergencies, 919, 920
neutropenia, 893
peptic ulcer disease, 789
pregnancy, 272, 274
renal stone and obstructive disease, 1040
superior vena cava syndrome, 923
thrombotic thrombocytopenic purpura, 991
wheezing, 519

Stevens-Johnson syndrome, 724, 1222, 1223,
1224, 1225

Stilbesterol, 970
Stool, 299, 864, 873, 875

See also Diarrhea
Stool softeners, 1157, 1191
Streptase, 511
Streptococcus Group A, 599, 678–679
Streptococcus infections, 277, 348, 390, 447, 449,

675, 676, 678
Streptococcus pneumoniae, 534, 628, 629, 638–639,

689–690, 691
Streptogramin, 627
Streptokinase, 346, 347–348, 349, 350, 357, 511,

580, 977, 1179
Streptomycin, 625, 629, 630, 659, 661, 715
Streptozocin, 901, 902, 904
Stress echocardiography, 316, 320–321
Stress electrocardiography, 316–318, 319
Stress testing, 316, 319, 340, 355, 411
Stress-related gastropathy, 293, 789–796
Stridor, 183, 519, 541, 1125
Stroke

aortic intramural hematoma and dissection,
472

aspirin, 349
atrial fibrillation, 113, 400, 402
classification of, 1175–1177
delirium, 282
dialysis patients, 1025
hemorrhagic, 348
ischemic, 501
neurologic disorders, 1175–1183
pregnancy, 276
preoperative evaluation, 256–257
primary PCI compared to thrombolytic

therapy, 348
pulmonary embolism, 512
sickle cell disease, 968, 973
supraventricular tachyarrhythmias, 397, 406
syncope, 428
ventricular arrhythmias and cardiac arrest, 411

Stroke centers, 1175, 1179
Stroma-free hemoglobin, 194
ST-segment changes, 340
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Study to Understand Prognoses and Preferences
for Outcomes and Risks of Treatment
(SUPPORT), 120

Stunned ischemic myocardium, 374
Subarachnoid hemorrhage, 223, 1176, 1189–1193
Subclavian vein cannulation, 218–220, 222
Subcutaneous emphysema, 178, 528
Subdural hematoma, 1025, 1195–1197
Subdural hemorrhage, 1175
Sublimaze, 132
Substance abuse

alcohol intoxication and withdrawal,
1243–1249

counseling, 1249
depression in hospitalized patients, 1210
drug overdose and dependence, 1229–1241
liver transplant recipients, evaluation of, 841
pain management, 135
palpitations, 304
suicide, 279
syncope, 429
trauma patients, 293

Succinylcholine, 244, 245
Sucralfate, 189, 273, 512, 652, 661, 785, 795,

796, 1023
Suicide, 279–280, 284, 1211, 1229, 1234, 1236
Sulbactam, 265, 292, 626, 648, 670, 672, 677
Sulfa drugs, 277, 977
Sulfadiazine, 726, 743, 997, 998, 1042
Sulfasalazine, 274, 550, 805, 891
Sulfinpyrazone, 977, 1148
Sulfonamides, 521, 550, 850, 892, 893, 895, 1224
Sulfones, 892
Sulfonylureas, 1024, 1082, 1090, 1232, 1234, 1237
Sumatriptan, 276, 1164
Superior vena cava syndrome, 922–924, 940,

944, 990
Superoxide dismutase, 1011
Supraventricular arrhythmias, 356, 375, 393–406,

395, 396, 425, 431
Surgeons

abdominal pain with renal transplantation,
1035

acute pancreatitis, 853, 856
appendicitis, acute, 861, 862, 864
back pain, 1156, 1157
bowel ischemia, acute, 869
bowel obstruction, 874, 877, 880
Crohn’s disease, 805
diverticulitis, 865
endocarditis, 697
IV catheter-associated infection, 707–708

Surgery
acute cholangitis, 836, 837
acute cholecystitis, 832–833
acute limb ischemia, 486, 487, 488, 489, 490
acute pancreatitis, 856, 857
adrenal insufficiency, 1107, 1108
anesthesia management during, 244–245
aortic aneurysms, 479, 480–481, 482–483
aortic intramural hematoma and dissection,

475–476
aortic regurgitation, 383, 384, 385
aortic stenosis, 382, 383
back pain, 1156, 1157, 1158
bacterial pericarditis, 447
Boerhaave’s syndrome, 787
bowel ischemia, acute, 868–869
bowel obstruction, 873, 874, 875, 876
cardiac

supraventricular tachyarrhythmias in
hospitalized patients, 406

cardiac tamponade post heart transplant
surgery, 376

chronic limb ischemia, 491, 492
constrictive pericarditis, 451
COPD, 537
Crohn’s disease, 805, 806
Cushing syndrome, 1073
debridement for necrotizing fasciitis, 679, 680,

681

deep venous thrombosis, 496, 500, 501
deep venous thrombosis prophylaxis, 501
diabetes mellitus, 1084–1085
diverticulitis, 865, 866, 867
do not resuscitate orders

ethical issues, 123–124
elective

preoperative evaluation, 249, 250
embolectomy

pulmonary embolism, 510
esophageal disorders, 783, 787
extrapulmonary tuberculosis, 659, 661
goiter, 1070, 1071
heart failure, development of, 371
heart transplantation, 374
hemoptysis, 524
hospital-acquired pneumonia with empyema,

651
increased intracranial pressure, 1188, 1189,

1191–1192
intracranial hemorrhage, 1195
liver transplantation procedure, 839
lower gastrointestinal bleeding, 777
lung transplantation, 561–564, 566–567
lung volume reduction, 564–567
mechanical complications of acute myocardial

infarction, 355
mitral regurgitation, 383, 387, 388–389
mitral stenosis, 383, 387
neurologic oncologic emergencies, 920
oncologic emergencies, 922, 924
peptic ulcer disease, 791
pleural effusion, 580–581
preoperative evaluations, 249–258
priapism

sickle cell disease, 970
prior, of aorta

aortic intramural hematoma and dissection,
472, 473

pulmonary embolism, 505, 510, 512
pulmonary hypertension, 575
recent, major

thrombolytic therapy, contraindication for,
348

renal transplantation, 1027, 1028
seizures, 1205–1206
solitary pulmonary nodules, 589
subarachnoid hemorrhage, spontaneous,

1191–1192
subdural hematoma, 1197
supraventricular tachyarrhythmias in

hospitalized patients, 405–406
thyrotoxic storm, 1093, 1094, 1095, 1096–1097
ulcerative colitis, 803
urinary tract infection, upper, 672
valve replacement

heart failure, 369, 370
Surgery versus Thrombolysis for Ischemia of the

Lower Extremity (STILE) trials, 490
Susceptibility testing, 641, 642, 643, 656, 668,

669, 672, 677, 689, 696, 697
Swan Ganz catheters, 414
Swelling of joints, 112–115, 1145
Sympathetic nervous system, 304, 331, 359, 464,

466, 469
Sympatholytic agents, 1239
Sympathomimetic agents, 1131, 1166, 1167, 1194,

1215, 1237
Syncope and near-syncope

aortic intramural hematoma and dissection,
472

aortic stenosis, 381, 382, 383
cardiovascular medicine, 423–430
causes of, 423–425, 428, 429
echocardiography, 323
lightheadedness, 306
myocardial infarction, 343
pacemakers, 439
palpitations, 304, 305–306
pulmonary hypertension, 569, 575
seizures, 1199, 1200

sinus node dysfunction, 431, 432
supraventricular tachyarrhythmias, 397
ventricular tachycardia, 411

Syndrome of inappropriate antidiuretic hormone
secretion (SIADH), 588, 591, 1045–1046,
1047, 1076, 1215

Synovial fluid, 211, 1143–1144, 1145, 1146, 1148,
1149, 1150

Syphilis, 383, 479, 684–685, 914
Systemic lupus erythematosus (SLE)

autoimmune pericarditis, 447
chronic aortic regurgitation, 383
hemoptysis, 524
interstitial lung diseases, 552
meningitis syndrome, 686
neutropenia, 894
peripheral artery disease, differentiating from,

457
pregnancy, 273
rheumatic diseases, 1113, 1114, 1115, 1116, 1117,

1118, 1119
rheumatic disorders, 1135–1137

Systemic vascular resistance, 192, 193
Systolic murmurs, 309, 310, 381, 382, 384, 1020

T
Tabun, 1232
Tachycardia-bradycardia syndrome, 400, 401,

425, 431
Tachycardias, 271, 375, 393–406, 442, 443, 583.

See also Ventricular tachycardia
Tachypnea, 505, 523, 524, 532
Tacrolimus (FK-506)

anti-microbials, interaction with, 620
gout, 1147
graft-versus-host disease, 961
heart transplantation, 376, 378, 379
hematopoietic cell transplantation, 959
liver transplantation, 845, 846
lung transplantation, 562, 563, 564
pregnancy, 276
renal transplantation, 1031, 1033, 1034, 1035
seizures, 1204

TACTICS-TIMI 18, 340, 341
Takayasu’s arteritis, 479, 480, 486, 1121,

1123–1124
Tako-Tsubo syndrome, 300
Talc for pleurodesis, 581, 584
Tamoxifen, 722, 1164, 1213
Tamsulosin, 1041
Tardive dyskinesia, 281
Taxol, 902, 958
Tazobactam, 626, 832
T-cells, 937, 938, 940, 956, 963
Technetium99 scintigraphy, 316, 318, 775, 843
Teeth and tetracycline, 627
Tegretol, 1231
Telephone pacemaker-surveillance programs, 439
Temozolomide, 899, 920
Temperature, body, 195, 244, 245
Tenecteplase, 346, 347, 348
Tenofovir, 726
Tension pneumothorax, 411, 583
Terazosin, 1041
Terbutaline, 1239
Terfenadine, 412, 1213
Terminal conditions, 139–144, 181–182, 418
Testosterone, 1213
Tetanus immunization, 291, 679
Tetracycline

action of, 627
BUN level, 1003
chronic obstructive pulmonary disease, 534
community-acquired pneumonia, 638
enterococci, 629
esophageal disorders, 785, 786
fever of unknown origin, 607
headache, 1164
hepatic failure, 810
pancreatitis, 850
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penicillin-nonsusceptible pneumococci, 628
peptic ulcer disease, 794
pregnancy, 277
resistance to S. pneumoniae, 639
rickettsial infections, 604
vancomycin-resistant Staphylococcus aureus, 630

Tetradecyl sulfate, 768
Thalassemia, 888, 890, 891, 956
Thalidomide, 952, 962
Thallium perfusion scans, 303, 316, 318, 340
Theo-BID, 1233
TheoDur, 1233
Theophylline

abdominal pain, causing, 753
aminophylline, 256, 534
asthma, 543
chronic obstructive pulmonary disease, 534
drug interactions, 796
drug overdose, 1229, 1233, 1234, 1235, 1236,

1239, 1240
esophageal disorders, 786
hypokalemia, 1050
multifocal atrial tachycardia, 403
palpitations, 304
pregnancy, 272
preoperative evaluation, 256
seizures, 1204
sinus node dysfunction, 432
stress testing for cardiac ischemia, 316
tuberculosis treatment, interactions with, 659

Theophylline levels, 532, 535
Theraputic Intervention Scoring System (TISS), 170
Therapy. See also Management

acute leukemia, 930
adrenal insufficiency, 1106
endocarditis, 698–699
hypokalemia, 1050
hyponatremia, 1046–1048
IV catheter-associated infection, 708–709

Therapy, initial. See also Management, initial
abdominal aortic aneurysm, 482–483
acute myelogenous leukemia, 932–934
altered mental status in HIV infected patients,

746
anaphylaxis, 1223–1224
aortic stenosis, 382
appendicitis, acute, 862
bowel ischemia, acute, 868–869
bowel obstruction, 876–877
cellulitis, 676–677
cholangitis, 834–836
cholecystitis, 832
chronic obstructive pulmonary disease,

533–534
community-acquired pneumonia, 638–639
constrictive pericarditis, 451
Crohn’s disease, 805
diverticulitis, 865, 866
drug overdose, 1235–1236, 1237–1238,

1239–1240, 1240
focal CNS lesions in HIV infected patients, 743
gastrointestinal bleeding, 770–771
gout, 1147
hypercalcemia in oncologic emergencies, 925
hypertension, emergent, 465
hypoglycemia, 1090
interstitial lung disease, 558, 560, 640
limb ischemia, 488–490, 491
meningitis, 687–689, 741
mitral regurgitation, 388
mitral stenosis, 386
myocardial infarction, 345–350
necrotizing fasciitis, 677, 679, 680
neurologic oncologic emergencies, 919–920
pericarditis, 445, 447
pleural effusion, 580–581
pulmonary embolism, 509–511
pulmonary hypertension, 572–573
renal stone and obstructive disease, 1041
seizures with drug overdose, 1238–1239
subarachnoid hemorrhage, spontaneous, 1191

subdural hematoma, 1197
superior vena cava syndrome, 923
syncope, 428–429
thoracic aortic aneurysms, 480–481
tuberculosis, 657–658, 663–664
ulcerative colitis, 802
urinary tract infection, 669–670, 672
vasculitis, 1127–1129

Thiabendazole, 1227
Thiamine, 106, 293, 1021, 1201, 1231, 1237,

1247, 1248
Thiazide diuretics

depression, 1210
heart failure, 363
hypercalcemia in oncologic emergencies, 925
hyperkalemia, 1052
pancreatitis in dialysis patients, 1023
renal disease, 1002, 1010, 1042, 1043
sodium levels, 1045, 1046, 1047, 1049
stroke, 1182
thrombocytopenia, 977

Thiocyanate toxicity, 465, 467
Thioguanine, 899
Thionamides, 1094–1095
Thiopental, 244, 1188
Thioridazine, 1240
Thiotepa, 900, 901, 904, 958
Thioureas, 1096
Thoracentesis, 227–231, 578, 579, 580, 581, 591,

641, 642, 944
Thoracic injury, 289, 290–291
Thoracic surgeons, 921
Thoracic surgery, 405, 579, 580, 584–585, 588,

589
Thrombin time, 978, 980
Thrombocytopenia

acute myelogenous leukemia, 930
chemotherapy, 903
hematopoietic cell transplantation, 959–960
heparin-induced, 499, 501–502, 509–510
HIV infected patients, 724
hospitalized patients, 984–986, 987
linezolid, 627
post-transplant patients, 469
sepsis, 205

Thromboembolic disease
acute myocardial infarction, 356
causes of, 982
diabetic ketoacidosis and hyperosmolar

hyperglycemic nonketotic syndrome, 1089
fever, 600
neutropenic hosts, 615
pregnancy, 275
pulmonary hypertension, 569, 570, 571, 572,

574, 575
venous, 266, 267, 275, 179265
warfarin, 350

Thrombolysis in Myocardial Infarction (TIMI)
risk classification, 335, 344, 345

Thrombolysis or Peripheral Artery Surgery
(TOPAS) trials, 490

Thrombolytic therapy
acute coronary syndrome, 82
acute limb ischemia, 488, 489, 490
bowel ischemia, acute, 868, 869
after cardiac arrest and resuscitation, 413, 414
deep venous thrombosis, 502
heart failure, 369
hepatic artery thrombosis, 844
interstitial lung disease, 550
intracranial hemorrhage, 1194
myocardial infarction, 343, 344, 345–348, 353,

357
paracentesis, 225
pulmonary embolism, 509, 510, 511, 512
stroke, 1175, 1178, 1179–1181, 1183
superior vena cava syndrome, 923

Thrombophilia. See Hypercoagulability
Thrombophlebitis, septic, 704
Thrombopoietin, 988
Thrombotic disorders

atherosclerotic plaque events, 331
bowel ischemia, acute, 869
central venous catheterization, 222
chronic myeloproliferative diseases, 948,

952–953
hypercoagulability, 989
IV catheter-associated infection, 708
L-asparaginase, 935
peripheral arterial disease, 485, 486, 487, 488,

489, 490
pregnancy, 276
prosthetic heart valves, 389–390
stroke, 1177, 1181
superior vena cava syndrome, 923
vascular medicine, 975–984, 988–991

Thrombotic thrombocytopenic purpura, 276,
726, 990–991

Thymoglobulin, 1031
Thyroid disease

acute presentations of, 1093–1101
dialysis patients, 1021
distributive shock, 192
endocrinology, 1069–1071, 1073–1075
goiter, 1069–1071
heart failure, 360
palpitations, 305
pericarditis, 447
pregnancy, 273, 274–275
sinus node dysfunction, 431
supraventricular tachyarrhythmias, 405
thyroiditis, 1075

Thyroid function, 258, 464, 1024
Thyroid replacement medication, 813, 1098,

1099, 1100–1101
Thyroid-stimulating hormone (TSH), 400, 1070,

1073–1074, 1075, 1099, 1100
Thyrotoxicosis, 274–275, 397, 405, 1073,

1093–1097, 1101
Thyroxine (T4), 1070, 1073, 1074–1075, 1093,

1095, 1098, 1099, 1100, 1101
Tiagabine, 1206
Ticarcillin, 625
Ticarcillin/clavulanate, 265, 626, 670
Ticlopidine, 977, 1181
Ticlopidine/clopidogrel, 977
Tinzaparin, 511
Tiotropium, 536
Tirofiban, 338, 349, 3339
Tissue plasminogen activator (t-PA)

bleeding disorders, 977, 990
myocardial infarction, 346, 347, 348, 349, 350
pulmonary embolism, 511
stroke, 1175, 1179–1181, 1183
veno-occlusive disease of the liver, 960

TNK-tPA, 346, 347, 348
Tobacco use

abdominal aortic aneurysm, 482
atherosclerotic plaque events, 330
cardiac risk factors, 340, 341
cessation, 559, 642, 643, 786, 1216
chronic limb ischemia, 490, 491
chronic obstructive pulmonary disease, 531, 535
community-acquired pneumonia, 634, 643
cough, 522
depression, 1211
hypertension, emergent, contributing to, 463
interstitial lung disease, 553, 556, 557
lung transplantation, 562
lung volume reduction surgery, 566
peripheral arterial disease, 485, 486
preoperative evaluation, 256
relative bradycardia, 608
rheumatoid arthritis, 1141
stroke, 1182

Tobramycin, 625, 629, 648, 649, 688
Tocainamide, 419
Tocolytics, 271, 1050
Todd’s paralysis, 1177, 1200
Tofranil, 1212
Tolazamide, 1024
Tolbutamide, 893, 895, 1213
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Tonic-clonic seizures, 1199, 1200, 1202, 1203
Topiramate, 1204, 1205, 1206
Topoisomerase inhibitors, 934
Torsade de pointes, 263–264, 402, 404, 411–412,

416, 418, 425
Torsemide, 1002
Toxic epidermal necrolysis, 1221, 1222, 1223,

1224, 1225
Toxic megacolon, 801, 802, 803, 880
Toxic shock syndrome, 600, 630, 679, 680, 724
Toxicologists, 1236
Toxicology screening, 293, 464, 469, 746, 1234
Toxoplasmosis, 743, 744
Tracheostomies, 178
Tramadol, 131, 802, 1204
Trandate, 467
Transcutaneous electrical nerve stimulation, 131
Transcutaneous pacing, 434, 438, 439
Transesophageal echocardiography

aortic aneurysms, 480
aortic intramural hematoma and dissection,

473, 474
atrial fibrillation, 401
cardiac murmurs, 311
cardiac structure and function, 321–322
chest pain, 300, 303
endocarditis, 694, 695, 696
fever, 599
invasive intraoperative monitoring, 253
pericardial disease, 442, 443
prosthetic heart valves, 389
supraventricular tachyarrhythmias, 400, 401,

402, 403, 406
Transesophageal pacing, 438
Transferrin, 100, 101
Transforming growth factor, 1011
Transfusion medicine. See Blood transfusions
Transient ischemic attacks, 424, 1175, 1177, 1178,

1181, 1182
Transjugular intrahepatic portosystemic shunt,

822–823, 826, 827
Transmission precautions. See Isolation

precautions
Transplant cardiologists, 377
Transplantation complications. See also individual

organs or tissue
cell-mediated immunity, 619–622
lymphoma, risk for, 937
nausea and vomiting in gastrointestinal disease,

755
post-op hypertension, emergent, 469–470
pulmonary hypertension, 575

Transthoracic echocardiography, 389, 400, 442,
694, 695, 696

Transthoracic needle aspiration biopsy, 588, 589
Transudative pleural effusions, 577, 578, 579,

580
Transvenous pacing, 254, 438
Trastuzumab, 550
Trauma

acute aortic regurgitation, 383
alcohol, 1243, 1245
back pain, 1154, 1155, 1156
cardiac, 411, 412
deep venous thrombosis, 501
delirium, 282
diaphragmatic paralysis, 519, 520
limb ischemia, 487, 490
major, recent, and thrombolytic therapy, 348
medical consultation for, 287–293
mitral regurgitation, 387, 388
musculoskeletal chest pain, 301
pericarditis, 442
peripheral arterial disease, 486
stroke, 1175–1176
subdural hematoma, 1195, 1196

Travel, disorders relating to, 602–604, 606, 607,
758

Travesol, 1013
Trazodone, 722, 1212, 1232
Treadmill exercise testing, 304, 305, 459–460

Triamcinolone, 1147
Triamterene, 1051
Triazolam, 722, 1213
Tricuspid valve disorders, 271, 368, 389, 570
Tricyclic antidepressants

chorea, 1168
delirium, 1165
depression, 1212, 1213–1215
drug overdose, 1229, 1230, 1232, 1233, 1237,

1238, 1239, 1240
elderly patients, 115
neuropathic pain, 133–135
palpitations, 304
seizures, 1204
torsade de pointes, 412
urinary incontinence, 1170

Triglyceride levels, 107, 341, 850
Triiodothyronine (T3), 1070, 1073, 1074–1075,

1093, 1095, 1098, 1100–1101
Trimethaphan, 468
Trimethobenzamide, 756
Trimethoprim, 1003, 1051
Trimethoprim/sulfamethoxazole (TMP/SMX)

action of, 627
acute myelogenous leukemia, 932
adrenal insufficiency, 1104
anemia, 891
cellulitis, 677
cirrhosis with ascites, 823
community-acquired pneumonia, 643
cyclosporine and tacrolimus, interaction with,

620
diarrhea in gastrointestinal disease, 758
focal CNS lesions in HIV infected patients, 743,

744
headache, 1164
HIV infected patients, 724, 725
liver transplant patients, infection prophylaxis

for, 621
lung transplantation, 564
meningitis, 687, 688, 740, 743
meningitis syndrome, 686
neutropenic hosts, 619
Pneumocystis jirovecii pneumonia, 962
pulmonary disease with HIV infection, 734, 735
rash, 1226
resistant pathogens, 628, 629, 630
ulcerative colitis, 803
urinary tract infection, 621, 669, 670, 672
vasculitis, 1128–1129
warfarin, interfering with, 512

Trimetrexate, 735
Triostat, 1100
Troleandomycin, 304
Troponin I (cTnI) levels, 336, 337
Troponin levels

cardiac arrest and resuscitation, after, 413, 414
cardiac catheterization, 339
GPIIb/IIIa antagonists, 338
myocardial infarction, 330, 349, 352, 353, 354,

357
myocardial necrosis, 335, 336–337
pericarditis, 443, 444

Troponin T (cTnT) levels, 335, 336, 337, 339
Trovafloxacin, 627, 669, 672, 690
Tryptophan, 895
Tuberculosis

adrenal insufficiency, 1103–1104
combination therapy, 624
consolidation on chest radiograph, 528
cough, 521–522
fever related to travel, 603
hemoptysis, 524
infectious diseases, 655–664
lung transplantation, 563
pleural effusions, 579, 580
primary, 655–656
pulmonary disease with HIV infection, 732

Tuberculous lymphadenitis, 656
Tuberculous meningitis, 656, 660, 684
Tuberculous pericarditis, 445, 447, 449, 660

Tuberous sclerosis, 557
Tubular necrosis, ischemic acute, 1015
Tumor lysis syndrome, 933, 941–943, 958
Turner’s syndrome, 472
2-CDA, 943
2,4-dichlorophenoxyacetic acid, 1237
Tylenol, 1230
Tylox, 132
Typhlitis, 753, 934
Typhoid fever, 604

U
Ulcerations, peripheral, 485, 490, 492
Ulcerative colitis, 799–800, 800–804
Ulcers, gastric, 179, 268, 292–293, 344, 768
Ultrasonography

abdominal aortic aneurysm, 482
appendicitis, acute, 861, 862
ascites with cirrhosis, 821
central venous catheterization, 221–222
chest pain, 299
cholangitis, 834
cholecystitis, 831, 833
Crohn’s disease, 804
deep vein thrombosis, 495, 497, 500
diverticulitis, 864–865
limb ischemia, 488
oliguria and anuria, 999
pain in gastrointestinal disease, 754, 755
pancreatitis, 851
pulmonary embolism, 506, 507, 508
renal failure, acute, 1008
renal stone and obstructive disease, 1040
splenomegaly, 885, 887
subarachnoid hemorrhage, spontaneous, 1192
thoracentesis, 227

Umbilical cord blood, 956
Unfractionated heparin

angina, 338, 339
deep vein thrombosis, 495, 497, 498, 499, 500,

501, 502
hemorrhagic and thrombotic disorders, 985,

989, 990
myocardial infarction, 345, 350
postoperative care, 265, 267
pulmonary embolism, 509–510, 511, 512, 513
regional anesthesia, 244
supraventricular tachyarrhythmias, 406

United Network for Organ Sharing (UNOS), 373,
839, 840, 1028

Ureidopenicillin, 698
Ureteroscopy, 1041, 1043
Uric acid, 941, 942, 943, 998, 1037, 1038, 1145,

1147
Urinalysis, 464, 487, 615, 668, 671, 812, 826,

995–998, 999, 1000, 1002
Urinary catheters, 667, 668, 669, 673
Urinary incontinence, 1170–1171
Urinary retention, 1038
Urinary tract infection, 274, 276–277, 616,

620–621, 667–674, 668, 671–673
Urobilinogen, 996
Urokinase, 511, 580, 977
Urologists, 970, 1041
U.S. National Committee for Quality Assurance, 80

V
V waves, 368
Vagal tone, 304, 356, 397, 399, 433
Vagolytic agents, 433
Valgancyclovir, 564, 621, 785, 846
Valium, 1239
Valproate (sodium valproate), 1201, 1204, 1205,

1206
Valproic acid, 135, 810, 977, 1233, 1234, 1236,

1246
Valsalva maneuvers, 312, 382, 397
Valsartan, 366
Valve surgery, 369, 382, 383, 388, 389, 404, 699

1288 Index

Wachter Index.qxd  3/14/05  3:41 PM  Page 1288



Valves, cardiac, evaluating, 309, 417
Valvular disease

cardiogenic shock, 191, 192
cardiovascular medicine, 381–391
echocardiography, 322, 323, 324
endocarditis, 694, 699–700
heart failure, 359, 360, 369, 370
heart transplantation, 373
preoperative evaluation, 254
syncope, 427
ventricular arrhythmias and cardiac arrest, 411,

418
Vancomycin

anaphylaxis, 1224
cellulitis, 676, 677
dialysis patients, 1022
diarrhea in gastrointestinal disease, 759
endocarditis, 696, 698
flushing, 1226
glycopeptide antibiotic, 626
hypogammaglobulinemic hosts, 615
IV catheter-associated infection, 707
meningitis, 687, 688, 689, 690, 691
pneumococcus infections, 150
pneumonia, 638, 639, 642, 648, 649
resistant pathogens, 629, 630–631
urinary tract infection, 670, 672

Vancomycin-resistant enterococcus, 630–631, 845
Vancomycin-resistant Staphylococcus aureus, 630
Vancymycin, 617, 624, 625, 630, 714
Vancymycin-resistant enterococci, 614
Vascular medicine

aortic aneurysm, 479–483
aortic intramural hematoma and dissection,

471–477
deep venous thrombosis, 495–503
hypertension, 463–470
peripheral arterial disease, 485–492
pulmonary embolism, 505–513
signs, symptoms, and laboratory abnormalities,

455–460
Vascular surgeons, 481, 488
Vasculitis, 457, 1121–1132, 1141, 1142
Vasoactive agents, 373, 1011, 1016
Vasoconstrictors, 366, 486, 830, 869, 1104, 1137,

1139
Vasodilators

aortic intramural hematoma and dissection, 475
aortic regurgitation, 384
bowel ischemia, acute, 868, 869
cardiac arrest and resuscitation, after, 414, 416
cardiogenic shock, 366
heart failure, 363, 365, 369
hypertension, emergent, 465–466, 467
increased intracranial pressure, 1188
mitral regurgitation, 388
pharmacologic stress induction tests, 316
portopulmonaryaa hypertension, 843
pulmonary hypertension, 572–573, 574, 575
scleroderma, 1137, 1139
syncope, 428, 429
thoracic aortic aneurysms, 481

Vasopressin, 196, 205
Vasopressin antagonists, 366
Vasopressors, 195–196, 197, 203, 205, 365, 414,

416, 1100, 1202, 1240
Vasotec, 467
Venlafaxine, 1212, 1232, 1240
Venography, 495, 496, 497, 500
Ventilation, assessment of, 288, 519, 520
Ventilation, mechanical

acidosis, respiratory, 1062
acute respiratory distress syndrome (ARDS), 189
assisted ventilation, 173, 174
asthma, 541, 542, 544–545
botulism, 715
cardiac arrest and resuscitation, after, 413, 414
chronic obstructive pulmonary disease, 532,

533, 534, 536
edema with renal disease, 1003
end-of-life care, 141, 181–182

ethical issues, 121, 122
heart failure, 367
iatrogenic pneumothorax, 583
interstitial lung diseases, 553, 558
lung volume reduction surgery, 566
myxedema coma, 1098, 1099
noninvasive, 533, 534, 535, 536
pneumothorax, 528
preoperative evaluation, 256
respiratory failure, 185–187, 190
sepsis, 205
stress ulcers in trauma patients, 293
thoracentesis, 231
thoracic injury, 290
use of, 173–182
ventilator-associated pneumonia, 189, 645,

646, 647, 652
Ventilation-perfusion lung scans, 275, 506, 507,

508, 557, 571–572
Ventricles, 355, 362, 367, 370, 374
Ventricular arrhythmias

acquired atrioventricular block, 433
�-blockers, 350
cardiovascular medicine, 409–420
drug overdose, 1240
frequent, 317
heart transplant surgery, 375
heart transplantation, 379
malignant, 339
rapid, 394
syncope, 428
ventricular preexcitation, 394
ventricular premature beats (VPBs), 356, 410,

411, 418
Ventricular assist devices, 167–168, 197, 368, 370
Ventricular ejection fraction, 322, 410
Ventricular fibrillation

cardiac arrest, 409, 417
implantable cardioverter defibrillators, 419
myocardial infarction, 351, 356
supraventricular tachyarrhythmias, 394
Wolff-Parkinson-White syndrome, 396

Ventricular function
improvement in, 356–357
poor, 356
ventricular dyssynchrony, 439–440

Ventricular mural thrombus, 356
Ventricular tachycardia

cardiac arrest, 417–418
myocardial infarction, 351, 356
syncope, 425, 427
ventricular fibrillation, 409, 410
wide-complex tachycardia, 395

Ventriculography, 325, 387, 388
Verapamil

acquired atrioventricular block, 433
angina, 338
atrial fibrillation, 402
drug overdose, 1229, 1230
HIV infection drug regimen, 722
hypertension, emergent, 470
hypokalemia, 1050
multifocal atrial tachycardia, 403
pulmonary hypertension, 574
relative bradycardia, 607
renal failure, acute, 1011
supraventricular tachyarrhythmias, 397, 399,

400, 406
transplant coronary artery disease, 379
Wolff-Parkinson-White syndrome and

ventricular fibrillation, 412
Versed, 1239
Vertigo, 423, 1166–1167
Viability

colon mucosa, 868, 869
limbs, 458, 487, 488, 489, 490, 491, 492
myocardium, 326, 369

Vicodin, 132
Video-assisted procedures, 557, 580, 584–585,

588
Vinblastine, 899, 901

Vincristine, 899, 901, 945
Vinorelbine, 901
Vioxx, 131
Viral infections, 187, 449, 846, 1022, 1114, 1143,

1144. See also Hepatitis
Viruses, 330, 909, 914–915
Vision, disturbances in, 112, 115, 424, 463
Vital signs, 768, 774, 791, 874, 1114
Vitamin B6, 1232, 1239
Vitamin B12, 893, 895, 896, 983, 984, 1050
Vitamin D, 113, 1025
Vitamin K, 499, 512, 771, 811, 813, 980, 982,

988, 989, 1172
Vitamin supplements, 341, 1021, 1096. See also

Thiamine
Voluntary commitment, 284
Vomiting

alkalosis, metabolic, 1059
appendicitis, acute, 860
chemotherapy, 903–904, 905, 906
esophageal disorders, 786
gastrointestinal disease, 754–756
hypovolemic shock, 191, 192
myocardial infarction, 343
pancreatitis, 849
postoperative care, 246, 263–264
pregnancy, 273
renal colic, 1037, 1041
self-induced, 1051
subarachnoid hemorrhage, spontaneous, 1190
syncope, 423
urinary tract infection, 671

Von Willebrand disease, 975, 976, 978, 986–987
Von Willebrand factor, 978, 986–987, 990
Voriconazole, 619, 707, 962
VP-16, 902
Vx gas, 1232

W
Waldenström’s macroglobulinemia, 891, 1136,

1140
Walking, 112, 115, 116, 455, 457, 459–460
Walking Impairment Questionnaire, 456
Warfarin

antidepressants, 1215
atrial fibrillation, 113, 400, 401
chronic myeloproliferative diseases, 952–953
deep vein thrombosis, 497–498, 499–500, 501,

502
drug interactions, 796
HIV infection drug regimen, 722
increased intracranial pressure, 1187
intracranial hemorrhage, 1194
limb ischemia, 491
mitral stenosis, 387
myocardial infarction, 350, 353, 354
pregnancy, contraindicated during, 275
pulmonary embolism, 509, 510, 511, 512
pulmonary hypertension, 574, 575
skin necrosis, 1226
stroke, 1181, 1182
superior vena cava syndrome, 923
supraventricular tachyarrhythmias, 397, 403,

406
Washing of blood products, 908, 913
Water, 999, 1000, 1045, 1048, 1049
Weakness, 333, 343, 424, 431, 458, 463, 1050,

1154, 1156, 1168–1169
Wegener’s granulomatosis

respiratory disease, 185, 524, 550, 551, 591,
592

rheumatic diseases, 1115, 1118–1119
vasculitis, 1121, 1122, 1125, 1126, 1127, 1129,

1130
Weight, body, 100, 361, 370, 374, 414, 451, 655,

760
Wellbutrin, 1212, 1215–1216
Wenckebach block, 432
Wernicke’s encephalopathy, 282, 1248
Wheezing, 183, 184, 518–519, 532, 540, 559
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Whipple’s disease, 383
White blood cell casts in urinalysis, 998
White blood cell count, 676, 679, 821, 823,

860–861
White blood cell counts, 600, 1038
White blood cells, 684, 686
Whole blood-based assay for D-dimer levels,

495–496, 507–508
Whole bowel irrigation, 1230, 1232, 1233, 1235
Wide-complex tachycardia, 395–396, 412–413
Wilson’s disease, 763, 764, 809, 810, 811, 815
Winrho, 985
Withdrawal

alcohol, from, 293, 1243, 1244–1249
drugs, from, 135, 282, 1210, 1214, 1232, 1237,

1238, 1240, 1241
Withdrawal of care, 139–144, 171, 181–182, 206,

413, 1195

Wolff-Parkinson-White syndrome
palpitations, 305
supraventricular tachyarrhythmia, 394, 395,

396, 397, 398, 399, 400, 403, 404
syncope, 425
ventricular arrhythmias, 411, 412

Working Formulation classification of
lymphoma, 938

World Health Organization, 131, 658, 938, 939
Wound care, 457, 460, 490, 491, 492
Wright’s-stained blood film, 932

X
Xanthines, 1050

Y
Y-sidearm catheters, 230, 231

Z
Zenapax, 1031
Zidovudine (AZT), 721, 723, 726–727
Zinc supplements, 661
Ziprosidone, 281
Zofenopril, 351
Zoledronate, 925
Zollinger-Ellison syndrome, 793
Zoloft, 1212
Zolpidine, 722
Zonisamide, 1204, 1206
Z-tract technique, 226
Zung Depression Scale, 1211
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